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Abstract: Augmented reality (AR) has evolved hand in hand with advances in technology, and today
is considered as an emerging technique in its own right. The aim of our study was to analyze students’
perceptions of how useful AR is in the school environment. A non-experimental quantitative design
was used in the form of a questionnaire in which 106 primary sixth-grade students from six schools
in the Region of Murcia (Spain) participated. During the study, a teaching proposal using AR related
to the content of some curricular areas was put forward in the framework of the 3P learning model.
The participants’ perceptions of this technique were analyzed according to each variable, both overall
and by gender, via a questionnaire of our own making, which had previously been validated by
AR experts, analyzing its psychometric qualities. The initial results indicate that this technique is,
according to the students, useful for teaching the curriculum. The conclusion is that AR can increase
students’” motivation and enthusiasm while enhancing teaching and learning at the same time.

Keywords: augmented reality; applications in subject areas; interactive learning environments;
3P model; primary education; educational technology

1. Introduction

Education is at a stage where the ways of accessing information and knowledge are changing and
evolving at a dizzying pace due to a series of developing technologies and pedagogies (gamification,
cloud computing, learning in networks, flipped classroom, Massive Open Online Course-MOOC, etc.).
The idea of using latest generation mobile devices in the classroom is gaining new ground. It has been
demonstrated that mobile learning can enhance digital literacy skills and serve, among other benefits,
as a strong contextual and institutional support which monitors students’ research as well as some
aspects of their learning [1,2].

One of the main emerging concepts in this sector is augmented reality (AR). An argument
supporting the growth of AR is the systematic review of Ak¢ayir and Akcayir [3], which analyzed
68 research papers from the Social Sciences Citation Index (SSCI). Their study found that the number
of articles published on AR applied to education had increased exponentially in the last four years.
An important question is how it is perceived as a technique that can enhance learning in the framework
of various theoretical models and how an instructional design can be put into practice via a coherent
methodology. This study attempts to answer these questions in depth in order to intensify awareness
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of AR and boost its development, showing how satisfaction, motivation and other positive variables
are manifested in the participants in a noticeable way after its implementation.

1.1. Conceptualization and Terminology

Caudell and Mizell [4], who coined the concept, define AR as a technology that enhances the user’s
field of vision with the information necessary to perform a task, thanks to computational processes that
can transform and chart simple graphics in real time. Milgram and Kishino [5] add to this definition
when they describe AR as any case in which a real environment is enhanced with virtual objects
(computer graphics). Likewise, they present the term within a taxonomy (a virtuality continuum),
in which all the possible types of viewing appear. Within this continuum, the real and virtual elements
coexist in a single mixed reality space where AR is closer to the entirely real environment than to
the entirely virtual environment. Another pioneer, Azuma [6], sees AR as a variation of virtual
environments which enables the user to see reality through superimposed objects.

It is noteworthy that some authors [7,8] have contradicted the idea of presenting AR conceptually
as a technology in the strict sense, since it can be based on technology or understood as a resource that
can accompany technology or draw from it, which means that it is necessary to interpret it beyond
this exclusively classificatory treatment. Hence, one approach to this issue could be that AR is an
emerging technique which is mediated by technology and which enables the superimposition of virtual
information on a real environment, thus facilitating access to the borders of mixed reality, which can be
two- or three-dimensional.

1.2. Educational Experiences and Evidence

The usability of AR environments has experienced a tremendous upsurge in education in recent
years. In this vein, some authors [3,9,10] have carried out systematic reviews in order to discover more
about this technique, and the results point to AR being potentially able to support or enhance teaching
and learning processes, concluding that its didactic use should grow in the coming years as there is an
increase in the research, the expected technological developments and users’” knowledge.

More specifically, there are studies on games [11-13], applications [14-16] and illustrated books [17,18],
which use AR to facilitate functionalities that allow teachers to establish new ways of showing
relationships and connections for learning, incorporating image and video animations to the illustration
of their texts.

In relation to the above, and starting from the construction of new learning processes, AR may be
advantageous for formal learning since it allows students to interact with the real world and the digital
world at the same time, and in that way creating new exciting and refreshing classroom situations in
which to acquire knowledge. Indeed, it seems that this technique is widely accepted and improves
academic outcomes [19,20].

Other studies have shown that AR can have a positive impact on motivation, attention and
attitude [9,21], on conflict resolution and comprehension [15,22] and on learning efficiency and
performance [23,24]. Positive results have also been obtained with regards to the use of this technique
in the design and use of 3D video and image markers [25] demonstrating that AR through markers
is the most widely used version. Likewise, two areas that should be studied are the accessibility
and usability of the learning experience [9]. There is no doubt that to definitively implement AR
in educational establishments this technique’s value for teaching and learning and its coexistence
with other time-tested theoretical models and curricula must be demonstrated to and accepted by the
educational community.

1.3. Learning Theories and Augmented Reality

In order to carry out experiences of this type in classrooms, a solid and consistent methodological
approach is necessary with instructional design supported by accepted learning theories, which
facilitate and justify the educational process itself.
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During the review of the scientific literature, examples were identified among authors using AR to
support implementing learning models and theories, such as the Situated Learning Theory [12,14,15],
Kolb’s Experiential Learning Theory [23], or the Constructivist Theory [12], among others.

Robust models that allow for the collection of relevant information on educational perception
or satisfaction with regards to AR techniques also exist. To this effect, it is essential to adapt these
theoretical principles to the educational process and to the product that will give us the information
we desire. Some examples are, the Integrated Cognitive Affective Model of Learning with Multimedia
(ICALM) by Plass and Kaplan [26], the Attention, Relevance, Confidence, and Satisfaction (ARCS)
model of motivational design by Keller [27], which was developed in order to identify actions and
approaches that would enable understanding the main motivational influences or solve problems
about motivation for learning, following a systematic design process, and the Technology Acceptance
Model (TAM) by Davis et al. [28]. Indeed, the effect of AR on motivation and learning for all these
models has been studied [21,23,25].

Another possible area for studies about AR is the 3P learning model. Starting from the original
model proposed by Dunkin and Bidle [29], Biggs [30] which adopts this approach, known as the 3P
model, to describe and analyze the student body’s perspective and learning in a system composed of
three basic components: Presage, Process and Product (3P). According to this model, these three factors
interact with each other in a tendency toward equilibrium, which represents the proper functioning
and success of the teaching and learning process [30].

With all due caution, these theoretical models for learning provide methodological rigor and
coherency to justify instructional design based on AR, taking all variables into account. As such,
we believe it is necessary to increase the volume of investigation focused on these fields of study, raising
diverse questions: What activities can be implemented in pre-adolescent stages to ensure students
achieve a higher quality learning experience using AR? What are students’ perceptions about the real
applications of using this technique? Is it possible to implement AR from a theoretical model which
improves learning effectiveness and motivation? To answer these questions, the idea of designing
and implementing a teaching environment based on AR and, later, analyzing the students’ degree of
perception for this technique in primary education was conceived.

2. Materials and Methods

2.1. Aims of the Research

The overall aim is to evaluate how useful augmented reality is in improving the teaching and
learning processes for sixth-grade students in primary education. This aim can be split into two
specific goals:

1.  To analyze the psychometric qualities of the questionnaire “Sixth-grade primary education
students’ perception of the usefulness of augmented reality” (PEURA-E).

2. To evaluate the usefulness of augmented reality as a teaching and learning technique in the
framework of the 3P model, according to each variable, both overall and by gender.

2.2. Design and Participants

To meet these objectives, a non-experimental, quantitative design study based on a survey was
chosen. There were 106 participants from the sixth-grade of six primary schools in the Region of Murcia,
an autonomous community of south-east Spain; 58 were boys and 48 were girls. Non-probabilistic
convenience sampling was used to select the centers [31]. In this regard, the following inclusion
conditions or criteria were considered when selecting the participants:

e Both students and their parents had to be aware of the study’s objectives and give prior
informed consent.

e  All participants had to be aged between 11 and 12 years old.
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e  More than 50% of the students selected needed to have a last generation mobile device.
e  Participants had to be registered on the AR platform and download the application on their mobile
device at the start of the sessions.

2.3. Integration of the Attention, Relevance, Confidence, and Satisfaction (ARCS) Model into the Augmented
Reality (AR)-Based 3P (Presage, Process and Product) Model

A basic assumption of this study is the idea of an instructional design based on the Presage-Process-
Product (3P) learning model, adopted by Biggs [30], with the addition of AR as a mediating element
for learning. In this defining framework, everything related to the students’ characteristics and the
teaching context are included in the presage stage. The student learning process and the connection
between the strategies used by the students, their motivation to learn, and the use of AR are included in
the process stage. The component which deals with satisfaction and expected academic performance,
if the remainder of the conditions are met, is included in the product stage. Figure 1 shows an
adaptation of this model used to carry out our study.

Presage Process Product
Student Characteristics Performance
Skills and competences “’

Personality Structural
Values, expectations complexity
Learning Process Complex Expected academic
(b) © performance
Motives +— Strategies | ¢——s
\ e Feed-back
V Use of AR Self-set goals
i Self-concept
LEACRINE € OmtEEt Processing the task B

Satisfaction

Subject area
Teaching method
Time on task @)

Figure 1. General model of student learning. Adapted from a previous study [32].

Regarding the teaching and learning processes, Keller [27] proposed that in every educational
process it is essential to design an action plan that promotes student interest and attention while
pointing out the relevancy of what has been learned, bestowing confidence in the achievement of
learning objectives, and measuring satisfaction after overcoming the proposed challenges. This idea
culminates in the ARCS model based on the categories of Attention, Relevance, Confidence and
Satisfaction, as precursors to learning.

Consequently, this study intends to integrate the Keller ARCS model [27], in the Process stage
of the Biggs 3P model [30]. To this end, a teaching proposal with activities based on AR was created
following the ARCS model in order to understand the primary motivational influences in learning,
in accordance with the four established categories.

This model is shown in Table 1, with a description of the relationship among the different strategies
employed throughout the teaching experience and the implicit motivational categories.
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Table 1. Motivational categories and strategies. Adapted from Keller [33].

Category Definition Motivational Strategies

View images and videos

. Int t with virtual 1
Spark the students’ interest and neract with virtual ‘ayers

Attention . o Manipulate the models
stimulate the curiosity to learn. Follow the web links
Listen to the audio tracks
Pose questions orally
Value the usefulness, applicability Learn search strategies
Relevance . .
and impact of the content Analyze the content’s usefulness
Show the relationship to the curriculum
Complete the interactive activities and surveys
) Foster positive expectations Repeat the action models
Confidence -
for success Correct the activities
Foster positive reinforcement
. . . Fill final i i
Give their perspective after . out the fina quest1onpa1re
. . . . Discuss the overall experience
Satisfaction overcoming the academic

Raise doubts and problems

challenges .
Propose improvements

2.4. Teaching Proposal

A teaching proposal was designed and implemented in the framework of the described models
that took into consideration Royal Decree 198/2014 of 5 September 2014, which establishes the primary
education curriculum in the Autonomous Community of Murcia, under the provisions of the LOMCE,
the Education Act in force in Spain since 2013. Five subject areas from the block of core subjects were
selected and a 55-min learning session was prepared for each of them addressing the AR content;
15 min were allocated to the teaching process, 25 min to the activities and 15 min to allow the
students to experiment and clear up any doubts. Some photographs of the research can be seen in the
supplementary document 1. As such, several interactive images were designed for each subject area.
They included web links, images, audio tracks, videos and surveys about the described curricular
contents so the information could be viewed on a mobile device or tablet through markerless or level
image recognition.

We used the tool Layar Creator (version 7) [34] to prepare these AR environments. This software
allows users to design images and incorporate virtual layers in a variety of formats. Figure 2 shows
the process of creating an interactive image using the platform.

SUGGESTED BUTTONS -

PLAY VIDEO

éDonde se
encuentra la
conocida Ciudad
de las Artes y las
Ciencias?

a1

SHOW A CAROUSEL

oy Lkeus

LIKE YOUR PAGE ON FACEBOOK

Espafa es un pais desarrollado que pertenece a la Un
Europea y estd situado en la Peninsula Ibérica, e
suroeste del continente europec.

\. Call now
s s

CALL A NUMBER

HM“M

SHOW A SOUNDCLOUD WIDGET

Comprende también las Islas Baleares del mar
mediterrdneo, las ciudades de Ceuta y Melilla en el norte
de Africa y las Isias Canarias en el Océane Atidntico.

Es un pais democritico cuya forma de goblerno es una
monarquia parlamentaria

Esté formado por 17 Comunidades Autdnomas.

Madrid es su capital

Figure 2. Tool for making an interactive image.
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The teaching method for each session was based on showing the virtual information superimposed
on the interactive images, as is shown in Figure 3. The content was explained, and the motivational
strategies used in the different categories of the ARCS model were emphasized with the goal of guiding
the students throughout the learning process. Next, the students were tasked with interacting with the
layers, and completing the activities, either individually or in groups.

TU DECIDES..

B 2
Los wiRDs, S 1 AboLesce
PUEDEM E WAR S0e “&\g\"n‘a“
DECIA
P

SY si en su lugar\S«
practicamos
actividad
fisica?

®e = )&‘Eﬁi

&Y si adguirimos habitos de
alimentacion saludab\es?

Figure 3. Example of augmented reality (AR) viewing.

Students were then given enough time to practice and create new images, autonomously, using the
resources provided by the teaching staff and with the freedom to make their own models. Moreover,
they were able to take the interactive images home or to the library and experiment with AR outside
the school environment, researching and creating new proposals, on their own, using the resources
from class and the contents taught, which are shown in Table 2.

Table 2. Classification of the resources used by subject area and curricular content.

Areas Blocks Contents Resources
Text comprehension according ~ Reading on screen with access to different texts. Layer with a web
to typology link to reading comprehension activities.
Reading of diff f . Ny . .
eadmé;)t' c(iil'esecl;(ienttig:nres © Display of a strip of images of different types of text and practical
Spanish - aescriptive, examples. Web link to a content manager with activities for
Block 2: argumentative, expository, identifving texts
Lan.gu age and Reading instructive, literary ymng :
Literature
Strategies for reading Layer with a web link to an academic dictionary. Layer with a
comprehension: Dictionary blog of interactive activities to evaluate reading comprehension
- - Layer with a web link to the newspaper La Verdad from Murcia.
Journalistic and advertising o . . . o
. L Viewing of a video about journalistic and advertising texts.
texts. Information, opinion . ..
L Interactive survey activity on screen about the resources
and advertising . . .
explained in the video.
Understanding simple written ~ Viewing of a video to study present and future tense grammar
narratives using the present resources. Interactive survey activity on screen about the
and future resources explained in the video, regarding peace and solidarity.
. . L ith a bl “Imagine” hn L
Understanding written texts a‘yer w.lt ablog about the song 'magme byJo ennon
. Block 3: . dealing with the elements of ownership of people and objects and
First Foreign about ownership related to an assessment activity. Web link to an online translator as a quick
Language Unders tanding people and objects ty- q

strategy for reading comprehension.

Nouns, pronouns, articles and
demonstratives

Display of a strip of images about identity expressions (nouns,

pronouns, articles and demonstratives) and vocabulary. Layer

with interactive audio tracks to focus on the action of ‘listening
and repeating’ the words being taught.

Lexis related to daily routines
and natural environment

Viewing of interactive images on screen of vocabulary related to
daily routines and nature. Layer with an activity about the
resources taught in the images that were shown.
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Table 2. Cont.

Areas Blocks Contents Resources

Display of a strip of images about the main artistic and historical

Cultural manifestations in monuments in Spain. Layer of an image that contains a web link

Spain to Wikipedia to learn about the history of the Kingdom of Spain.

. Block 3: Livi Viewing of an interactive map of Europe, with its countries and
Spc1a1 oek o ltV ng capitals superimposed in AR. Web link to the official website of
Sciences n society The European Union the European Union to study its history, countries and symbols.
Display of a strip of explanatory images with questions about the
European Union'’s institutions, government bodies, and symbols.
Employability and Video about SPam, 1t's e.ntr}.I mfo the Europefm Union, 1t§ economic
. systems, and its main institutions and bodies. Interactive survey

entrepreneurship . . . .
activity on screen about the resources explained in the video.
Layers with web links to different resources about alcohol and
Harmful effects of alcohol and . . .
drug consumption drugs and their harmful effects for health. Interactive activity on
& screen about the effects of these substances.
Block 2: Interactive activity about the construction of a pyramid that

Ngtural Human beings Knowledge of oneself and addresses the issues of personal autonomy and its relationship

Sciences and health others. Identity and personal with healthy actions and routines. Layer with a web link that
autonomy Relating to others includes healthy behaviors, eating routines, and ways of caring

for the human body with a self-evaluation activity.

Viewing of a video on screen that addresses making decisions and

Decision making: criteriaand  the consequences of good or bad behavior. Viewing of a strip of

consequences images about awareness and prevention of the consumption of

alcohol, drugs and tobacco.

Reading and representing Display f)f an 'mtroductory video on the topic O.f fractlons: Display

fractions of a strip of images about the process of reading, ordering and
Block 2 ’ representing fractions with explanations supported by examples.

. ock 2:
Mathematics Numbers Interactive questionnaire with short questions or exercises on

Order of simple fractions . .
ordering fractions.

Fraction of a number and Layer with a blog that includes activities, self-evaluation exercises
equivalent fractions and games about fractions of a number and equivalent fractions.

From this table, it becomes apparent that curricular contents are taught through a series of learning
actions or activities which favor experimenting with AR. Most of the tasks are supported by academic
web portals, web resources, content managers, blogs or activities whose origin is the manipulation of
AR, whether using images, videos, and audio tracks or the use of touch-sensitive interactive surveys.

2.5. Data Collection Tool

Regarding information collection, the PEURA-E questionnaire (see the tool in the supplementary
document 2) whose language was adapted to the age and maturity of the participants was designed
and validated to collect the data. The instrument contained 40 items classified in seven constructs:
Teaching, Learning, Spanish Language and Literature, First Foreign Language, Social Science, Natural
Sciences, and Mathematics. According to Krosnick and Presser [35], this is a potentially large number
of questions for sixth-grade students. For this reason, two control questions (items 33 and 39) were
included in order to stand out when answering and prevent students from responding mechanically.
However, the data from these two questions were not included in the final analysis so as not to alter
the results of the research regarding perceived usefulness.

Regarding content, it is composed of closed-ended questions presented in the form of a Likert scale
with five options, ranging from 1 (strongly disagree) to 5 (strongly agree), in addition to a nominal question
at the beginning, to indicate gender. More specifically, the questionnaire contains several questions
soliciting information for more than one dimension or aspect, called double-barreled questions [36].
It should be noted that participants were advised that all the conditions of each item must be met for
an answer to be given a positive rating, such that if the student felt any specific criterion was not met
for the item, he or she was free to give the entire item a negative rating.
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3. Results
3.1. Analysis and Description of Data

3.1.1. Aim1

To address the first aim, the analysis of the psychometric properties of the PEURA-E questionnaire,
the tool underwent a validation process. Three experts in AR validated the tool using an official rating
scale designed by Serrano [37]. This table appears in the supplementary document 3. The content
was validated by defining the items in the questionnaire according to relevant criteria related to the
participants in the research and to their area of expertise. The scale was structured by organizing the
items into 5 blocks (see Table 3).

Table 3. Classification of the rating scale used by blocks and items.

Blocks Dimensions Items
1 Presentation of the questionnaire 1to7
2 Instructions for completing the questionnaire 81to 10
3 Structure and overall design of the questionnaire 11 to 20
41 Suitability of the lexis/language Analysis of each item
4.2 Suitability of the response options Analysis of each item
5 Overall rating of the questionnaire’s suitability 21to23

Table 4 shows the mean scores for the items in the scale and for each of the dimensions. Note that
the scores range from 1 (strongly disagree) to 4 (strongly agree).

Table 4. Content validity of the “Sixth-grade primary education students’ perception of the usefulness
of augmented reality” (PEURA-E) questionnaire according to the experts.

Blocks Dimensions Mean
1 Presentation of the questionnaire 3.71
2 Instructions for completing the questionnaire 3.22
3 Structure and overall design of the questionnaire 3.57
41 Suitability of the lexis/language 3.96
4.2 Suitability of the response options 4.00
5 Overall rating of the questionnaire’s suitability 3.89

The experts’ evaluation was highly positive (see supplementary document 4). Nevertheless,
some modifications in the wording of certain items and in some aspects of the form were needed to
obtain the final version. Regarding reliability, the questionnaire was analyzed to verify the internal
consistency of the PEURA-E tool. The covariance of the items was measured with Cronbach’s alpha,
which is commonly used in questionnaires that have a range of answers for each item [31,38]. Internal
consistence was acceptable (« = 0.927). Finally, to evaluate the tool’s viability and identify any possible
errors, a pilot study with a group of students of the same age and characteristics as the present study
was carried out using the teaching approach and the questionnaire validated by experts. After the pilot
study, which served as a trial run, only minimal modifications to the questionnaire were necessary.

3.1.2. Aim 2

To respond to objective 2, which referred to assessing the usefulness of AR as a teaching and
learning technique in the framework of the 3P model, according to each variable, both overall and by
gender, the students filled out the questionnaire individually and the data was organized by blocks or
theoretical constructs with the goal of clarifying and organizing the results.

Table 5 shows the descriptive statistics for the overall perception students have of the usefulness
of AR for the teachers’ teaching and for their own learning.
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Table 5. Students’ overall scoring of the teaching and learning constructs.

Overall Total St.rongly Disagree Neither Disagree Agree Strongly Md. M Sd.
Disagree Nor Agree Agree
Teaching
1. AR allows teaching to happen via discovery.
Frq. 106 3 3 8 29 63
% 100 2.8 2.8 7.5 27.4 59.4 500 4.38 0-951
2. AR can be another way for the teacher to teach knowledge as well as using books and note taking
Frq. 106 1 0 9 31 65
% 100 09 0 85 292 613 >0 450 0734
3. Teachers can teach better if they also use AR in the classroom
Frq. 106 3 5 11 48 39
% 100 238 47 104 453 68 M0 408097
4. AR can be used by teachers to build knowledge adapted to each area
Frq. 106 2 1 13 38 52
% 100 19 0.9 12.3 35.8 49.1 400 4.29 0-862
Learning
5. AR can increase students’ attention
Frq. 106 5 2 12 39 48
% 100 47 19 11.3 36.8 453 400 416 1.025
6. AR can increase students’ motivation
Frq. 106 4 6 8 30 58
% 100 3.8 5.7 7.5 28.3 54.7 500 4.25 1.067
7. AR helps students to understand the contents better
Frq. 106 4 8 13 38 43
% 100 338 75 123 358 g6 A0 402 1087
8. Activities using AR encourage students to participate more in class
Frq. 106 6 6 12 43 39
% 100 57 57 113 406 68 400 397 1108
9. AR can help students to work in collaboration
Frq. 106 0 4 20 42 40
% 100 0 338 18.9 39.6 g7z 400 all 843
10. AR can improve the quality of students’ learning and studying
Frq. 106 4 3 18 32 49
% 100 338 238 17.0 302 462 A0 4dz 1059

Frq.: Frequency; %: Percentage.

The perspective for the teaching construct reveals high values, with a mean score between 4.08
(Sd. = 0.957) and 4.50 (Sd. = 0.734) out of 5.00, and medians of 4.00 and 5.00 points for the four items.
The most notable rating was for item 2, for which 61.3% of students selected the option strongly agree,
and therefore consider that AR can complement teaching performed with books and notes.

For the learning construct the scores were slightly lower but still high, with the lowest rating
being 3.97 (Sd. = 1.108) and the highest 4.25 (Sd. = 1.067). Item 6 stands out, with 83% of students
responding agree or strongly agree, showing a firm majority in support of the idea that AR can improve
students’” motivation. This was also the only item whose median was 5 points, while the others returned
a value of 4.

As for the overall score for the usefulness of AR with respect to the curriculum, Table 6 shows that
there are two items in each area whose values were respectively the highest and the lowest, according
to the proposed contents that were taught. We have had to select results due to spatial limitations, but
all the items can be seen in the supplementary document 5.

It can be seen that most of the items achieved mean scores of over 4.00 points, except for items
14 and 20, which were rated 3.99 (Sd. = 0.951) and 3.93 (Sd. = 1.106), respectively. The median was
between 4.00 and 5.00 points for all the items. Also of note is the fact that in two of the five areas the
items referring to the usefulness of learning these types of content with (items 16 and 34) received the
maximum rating for their constructs (4.45; Sd. = 0.794 and 4.64; Sd. = 0.679, respectively). The highest
percentages were in Social Sciences (item 23) and Natural Sciences (item 34), where strongly agree was
over 70%. In contrast, strongly disagree was very low in all the areas with no item receiving over 5%
and many at 0%.
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Table 6. Students’ overall ratings for the curriculum construct.

Strongly . Neither Disagree Strongly
Overall Total Disagree Disagree Nor Agree Agree Agree Md. M Sd.
Spanish Language and Literature
16. Using AR to learn these types of curricular contents seems useful to me
Frq. 106 0 3 11 27 65
% 100 0 28 104 255 613 000 4d 07
14. AR activity can be used to deal with concepts of information, opinion and advertising in journalistic texts and advertising
Frq. 106 2 5 21 42 36 400 3.99 0.951
% 100 19 4.7 19.8 39.6 34.0 ' ' '

First Foreign Language
19. The activity can facilitate rapid strategies for text understanding, e.g., the AR translator

Frq. 106 0 2 11 37 56
% 100 0 19 104 349 528 500 439 0751
20. The strip of images in AR can be used to study nouns, pronouns, articles and demonstratives as well as area contents

Frq. 106 5 5 23 32 41
% 100 47 47 217 302 387 400 393 1106

Social Sciences
23. AR activity can help in viewing monuments in Spain as cultural heritage

Frq. 106 0 2 3 26 75
Y% 100 0 1.9 2.8 24.5 70.8 500 4.64 0.635

24. From what I saw in the video, Europe seems to be a continent with many resources

Frq. 106 2 6 12 43 43
% 100 19 57 113 406 g6 A0 4120953

Natural Sciences
34. Using AR to learn these types of curricular contents seems useful to me
Frq. 106 1 1 3 25 76
% 100 0.9 0.9 2.8 23.6 71.7
31. The strip of images can help in learning about the importance of raising awareness about and preventing the
consumption of alcohol, tobacco and drugs

5.00 4.64 0.679

Frq. 106 0 3 8 33 62
% 100 0 2.8 75 31.1 58.5 5.00 4.45 0.758
Mathematics

36. The video presented in AR helps to show simple, easily readable and understandable graphic representations
of fractions
Frq. 106 0 2 5 37 62
% 100 0 19 47 349 58.5
37. This proposal can help to work in AR to order simple fractions, calculate the fraction of a number or tackle
equivalent fractions
Frq. 106 4 2 8 39 53
% 100 3.8 1.9 7.5 36.8 50.0

5.00 4.50 0.680

4.50 4.27 0.961

Figure 4 offers the mean scores for the items in each area. Figure 5 shows the mean values for the
item that specifically measures the usefulness of AR in each area construct.

418 417 451 441

Spanish Language and Literature
First Foreign Language

W Social Sciences
Natural Sciences

Mathematics

Figure 4. Mean of students’ scores of the items of each area.
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445 435 464 444

Spanish Language and Literature
First Foreign Language

M Social Sciences
Natural Sciences

Mathematics

Figure 5. Mean of students’ scores for the item “Using AR to learn these types of curricular contents
seems useful to me”, for each area.

As Figure 4 shows, Natural Sciences was the area with the highest construct mean (4.51), although
it is notable that all the blocks were scored above 4.00 points. In the items in Figure 5 we see Natural
Sciences (item 34) has the highest mean score (4.64; Sd. = 0.679), which coincides with the highest
construct mean, again for Natural Sciences.

Finally, the overall analysis of the results on the students’ perception of the useful AR according to
the three constructs was repeated according to gender. We used the Kolmogorov-Smirnov test to make
an exploratory analysis, which revealed that the distribution was not normal (p < 0.05). Backed by
this normality test, we applied the non-parametric Mann-Whitney U test for two groups to compare
whether opinions according to occupied equivalent positions.

For Teaching and Learning, females rated AR usefulness slightly higher than males in almost all
the items. However, the curriculum constructs revealed differences in preferences depending on the
item, although the overall opinion was highly positive for all the questions.

The analysis showed that in items 23 (p = 0.035) and 32 (p = 0.040), the distribution between
genders varied, which allows us to state that there were significant differences in the responses
(p < 0.05). Item 23 referred to whether AR can help students in studying the monuments of Spain as
cultural heritage (Social Sciences), while item 32 asked whether AR helps in developing responsible
behaviors in terms of healthy lifestyle, diet and proper functioning of the body (Natural Sciences).
For the rest of the items there were no significant differences (p > 0.05).

4. Discussion

At the beginning of the article, we posed three questions: what activities could be implemented in
pre-adolescent stages, so our students achieve higher quality learning using AR? What was the students’
perception of the real applications of using this technique? Moreover, is it possible to implement AR
within the framework of a theoretical model that would improve the effectiveness and motivation to
learn? We believe, according to objectives, all these questions have received a relevant response. This
was due to the design of the study itself, which took all possible details into account in its articulation
process, in planning activities designed for the subject areas, in its theoretical and practical justification
by means of an adaptation of the 3P and ARCS models, through the use of motivational strategies,
and with the greatest possible reliability and validity in data collection to attempt to assess the student
body’s perceptions.

First, both the reliability and the validity study of the questionnaire content returned satisfactory
results. Along these lines, the expert assessment and the pilot study provided ample assurance that
the questionnaire complied with the proposed intervention model and the variables analyzed. Hence,
the data collected in the questionnaire is suitable to respond to the research questions.
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Secondly, after analyzing the students’ assessment of AR’s usefulness as a technique for teaching
and learning within the framework of the 3P model in each construct overall and according to gender,
the results were very positive for all constructs. Notwithstanding this, within each construct the
assessment of some items were more notable than others.

The results from the teaching construct showed that AR can enable teaching to be undertaken
as a discovery of contents where the teacher acts as a guide and allows knowledge acquisition to
be adapted to the areas being taught. Specifically, the most promising results were found in item 2,
which indicates that AR might provide another way, alongside books and notes, for the teacher to
teach. One of the questions that now arises is whether AR will be able to provide short-term changes
to teaching methodology, given that participants stated that one idea would be to alternate between
traditional textbook teaching and notes and this new form of teaching.

From the analysis of the results for the learning construct, it appears that AR can heighten
students’ attention and motivation, helps them to understand content better, increases classroom
participation, promotes student collaboration and enhances the quality of learning and studying.
However, even though all scores were high, the highest were obtained in the assessment referring
to motivation and attention, coinciding with other studies mentioned [9,21]. Specifically, the study
carried out by Di-Serio et al. [21] also examined the ARCS model [27], analyzing four motivational
factors and concluded that the attention and satisfaction categories are rated higher using AR as a
learning environment in comparison to other settings. In our study, the attention factor was considered
to capture students’ interest in AR and stimulate their curiosity to learn, while the satisfaction category
was used in completing the final questionnaire, resolving uncertainties, and proposing improvements.

Regarding the different areas of the core curriculum, the results were again interesting, especially
for Natural Sciences, where the scores were highest for the use of AR for the content dealing with
the prevention and consumption of drugs. It was also shown that this technique can be successful
when teaching fractions in Mathematics as it facilitates their reading, interaction, comprehension and
solution. Noteworthy results were also found in Social Sciences in the area of the country’s cultural
and historical heritage and when studying the main European capitals. Lastly, in Spanish Language
and Literature, AR was reported to produce improvements in digital interaction and manipulation by
working with different types of text. There is no doubt that working this way fosters interactivity and
immediacy to teaching and learning of standard curricular contents.

In terms of gender, as mentioned earlier, the perception of the usefulness of AR only varied
significantly for two items (23 and 32). Elsewhere, the male score was higher in some items, while
in others it was the female score, although differences were not significant. The results for these two
items can be explained reasoning that the boys were more interested in the AR proposal addressing
Social Science content, while the girls were more motivated by the study of behavior, healthy living
practices, good eating routines and guidelines for body care, due to greater interest in this topic than
the boys. Indeed, during the study the boys were observed showing greater interest than the girls
in cultural heritage. They constantly interacted with their AR layers and asked about the origin and
historical meaning of specific monuments, while the girls asked more questions about food, viewed
AR layers about healthy living practices and searched the internet for more content on these topics.

In short, the objectives proposed received very positive responses, which encourages the idea
that these educational practices are viable. There are many benefits that AR can bring to education,
as it allows unknown areas to be explored, as well as fostering new dynamic and engaging ways of
teaching and learning. In fact, the main justification of our study to show that the use of AR also
enables teaching which is completely contextualized within the curricular content, drawing from a
theoretical model that supports and improves the learning process. As Biggs et al., [32] pointed out,
student factors, the teaching context, the learning approaches used for the task, and expected outcomes
or performance interact with each other forming a dynamic system that, if well defined, can favor new
motivational strategies that enhance learning.
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5. Limitations, Prospective and Practical Socio-Educational and Research Implications

Despite the optimistic findings, this research has been a subjective analysis of AR, so its real value
in enhancing learning needs to be verified. We are aware that this requires more than just observations
and opinions and should consider aspects regarding its real possibilities for implementation based
on a controlled assessment of the learning that is going on. Moreover, this study does not collect
information from all the variables involved within the theoretical models considered. Our intention
is to supplement this investigation by studying the interaction of the presage, process, and product
variables within the 3P model to see how they affect perceived acceptability and academic performance.
At the same time, we must verify to what extent the motivational strategies adopted by a given student
influence the student’s perception of these environments. To this end, categories are being designed
and will soon be implemented within a qualitative approach. We also want to acknowledge limitations
such as the lack of a comparison group or a focus group, which would have provided additional
insights into the students” experiences.

At practical, socio-educational and research levels, the findings provide a valid and reliable
response to the objectives sought, and although future research should provide a more solid base,
these results allow us to state that AR enjoys wide acceptance among primary school students and has
a very relevant role to play in teaching and learning in the coming years. The development of this
technique (higher levels of processing, sensors, etc.) will also affect its level of acceptance and use as a
school resource, which will serve to demand that high-level politicians invest larger amounts of money
and draw up new plans and projects to be implemented around this technique.

6. Conclusions

The Biggs 3P model and the Keller ARCS model have served to support our study and provide
rigor, demonstrating that using AR as a mediating element can foster new learning strategies and that
these affect motivational processes. However, for this to happen, baseline aspects such as the student’s
characteristics and skills or other contextual factors such as the subject area taught, the method used,
or the time devoted to the task must be considered. All of these factors impact the degree of perceived
usefulness and expected performance, and is directly related to the level of participant interest. These
contributions are shown in Figure 6, through a flow chart that synthesizes the main conclusions of
the paper.

Presage Process Product
Performance
Student Characteristics | AR | effects

Attenti
Skills and competences / \ T | en 10n|

Personality ) Motives/Strategies l
Values, expectations \
. Ch : Ubiquity
i Learning Use of AR > anges in
Teaching Context Process Iearnir_ig | Contextualization |
Subject area Motives/Strategies | perception
Teaching method | Perceived usefulness |
Time on task \ Classical methods
NO /
AR
< |Demotivation| | Inattention I
Negative
effects | One-way teaching and learning |

| Reduced perception of usefulness |

Figure 6. Flow chart to illustrate the concept of the contributions of this paper.
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Regarding teaching, this group of schoolchildren finds AR to be a more satisfying and enjoyable
complementary approach to more traditional teaching materials. Most students are used to working
with books, photocopies or notes, and any new learning format which differs from these materials is
perceived as appealing, useful, and interesting to them. As such, they would like the teacher to teach
them ways to discover new content on their own and to use alternative methods based on the use of
touch screens, online resources, interactive surveys or experimentation with virtual resources to make
such processes more dynamic [39,40].

As regards their own learning, the students highlighted an increase in motivation thanks to their
being able to tackle contents using the AR technique. Clearly, AR motivates the students and allows
them to acquire knowledge in a more dynamic, fun and interactive way. Consequently, the justification
for using AR must be supported by the promotion of actions based on hands on learning, interactivity
and research, which are backed by powerful theoretical models capable of developing competent
students who know how to deal with future real-life situations.

Concerning curriculum, we contend that the use of AR for the core subjects is very efficient and
practical, since it provides for a more contextualized and organized way of learning whereby, starting
from a theoretical model, AR is the mediating element of knowledge. The fact that Natural Sciences
was so highly rated may be due to the content, as the subject matter tackled aroused a lot of interest
among the pre-adolescent students when they are beginning to acquire some notions of alcohol, drugs,
relationships with others and decision making. In fact, the attention and interest shown by students
made it possible to address the motivational strategies at greater depth with respect to the categories
being taught (ARCS model) and the proposed activities.

There is no doubt that AR should be implemented as a standard approach in formal teaching.
The main reason for its inclusion in teaching and learning processes stems from its innovative character,
as well as the benefits derived from its interactive nature, ease of use, immediacy, and the motivation
it induces.

AR implies direct involvement in students’ learning since students started to ask questions that
highlighted their interests in knowing more about AR (What is it for? How do we use it? What
materials should we use when working with it? How do I incorporate virtual layers?). Students found
that learning with AR was something new and viable, and this would seem to be a clear invitation to
professionals to think about other ways to teach and not just the traditional one.

Other advantages that AR point to in the short term include fostering better relations between
teachers and students, more active and collaborative participation, better understanding and advances
in the cohesion between teaching and methodological styles.

It is also important to highlight the key role that mobile AR plays in the environment, since it
is an approach for both the classroom, with the guidance of teachers, and outside the school setting,
as was witnessed when the students continued using AR outside of the classroom. The pervasiveness
and flexibility that AR systems offer represent an improvement that should be taken advantage of in
the educational sector to provide competence, commitment and stability to academic work.
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