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ABSTRACT

The main objective of this study is the design and validation of an educational
methodological model based on the use of immersive technological resources
(Augmented Reality — AR) to improve learning processes in secondary education
science subjects (Biology and Geology). The process was developed based on three
main quantitative studies: an exploratory study, a study of performance divided into
three cases studies, and an attitudinal study. The information obtained was
completed with a fourth qualitative study of the training of teachers who participate
in educational technology. This research provides empirical evidence that allows
validation of the methodological model developed to explain key concepts and to
improve the level of motivation and acceptance of AR technology by students. The
proposed model can induce improvements in educational processes in the field of
STEAM when used with an immersive AR technological resource and an adapted
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digital evaluation system. It also demonstrates that teachers require specific training
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in connection with the creation and the adequate use of AR educational resources,
and of digital evaluation systems as well. The results of this study have important
implications for the field of education, demonstrating the potential of AR technology
to improve learning outcomes and the need for teacher training in its use.
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1 INTRODUCTION

Emerging technologies are causing a change of paradigm in traditional education in the
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direction of innovative teaching geared towards providing students with skills adapted to
present-day society. Together with the digital revolution of recent decades, the global
Covid-19 pandemic has highlighted the relevant role of technology in education for both
teacher training and for students, and in the teaching-learning process in general. In order
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to respond to this need, different international STEAM (Science, Technology, Engineer-
ing, Arts and Mathematics) initiatives are underway to promote the acquisition of 21st cen-
tury competences, such as creative thinking, team work, communication and problem solv-
ing (Allina, 2017; Haesen & Van De Put, 2018; Perignat & Katz-Buonincontro, 2019).

Technology is a key aspect of all STEAM projects and is essential in almost all profes-
sional sectors. The conclusions of several recent studies have suggested that the adequate
use of technology has a significant impact in education (Hattie & Yates, 2014; H. Johnson
et al., 2019). Moreover, some international reports have revealed the importance of how
technological resources are used in educational settings in order to achieve the intended
results (Brown et al., 2020). Therefore, involving students in STEAM educational projects
is as important as researching how technological advances and mobile devices affect the
process of learning (Bulman & Fairlie, 2016; Cabero & Barroso, 2016; Fombona, Pascual, &
Pérez, 2020). From a theoretical point of view, it should be mentioned that the current liter-
ature lacks studies on the most adequate and effective approach in respect to technological
resources, and mode of use, in the field of education (Berlinski & Busso, 2017). However,
from an empirical point of view, the educational sector requires practical and verified mod-
els to guide teachers regarding the most suitable types of technologies and methodologies
and the most adequate and efficient evaluation systems, as well as the most effective manner
of integrating the latter in order to maximise their effects and achieve optimum student per-
formance. Indeed, the ultimate objective is to connect technology with the improvement of
learning processes in an effective manner.

In recent years, the majority of emerging technologies have gained momentum. The lat-
est Horizon Reports that analyse technologies that will have a significant impact on teach-
ing and learning processes (Alexander et al., 2019; Becker et al., 2018; Brown et al., 2020;
L. Johnson et al., 2016) have emphasised the great potential of immersive technologies in
the field of education, in particular Augmented Reality (AR) and Virtual Reality (VR). How-
ever, more research is still needed to determine their real, specific reach, and the extent of
their significance in teaching and learning processes (Brown et al., 2020). In this sense,
studies carried out in recent years by Huang and Liaw (2018) and Liu, Li, Cai, and Li (2018)
have concluded that VR and AR will be decisive in improving the degree of perceived util-
ity in the first instance and, secondly, in developing positive attitudes amongst teachers and
students in connection with the use of technological resources in science subjects.

In general, the use of AR resources in education is more suitable for teachers than the use
of resources based on VR (Alalwan et al., 2020). Hence, there is great potential for the effec-
tive implementation of AR, in particular for STEAM (Meletiou-Mavrotheris, En, Peters, &
Heraud, 2019). AR technology entails the superposition of digital information (images,
audio, videos, 3D models, etc.) in a register that is displayed in the existing surroundings,
depending on an operator’s location or perspective (Garzon & Acevedo, 2019; Sirakaya &
Sirakaya, 2018). The combination of real-world elements with virtual information is per-
formed in real time and allows interaction of all senses (Azuma et al., 2001). AR’s interactive
digital content makes learning more significant and improves academic performance (Cai,
Chiang, Sun, Lin, & Lee, 2017). Additionally, the use of multiple senses simultaneously by
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users favors the processes that strengthen memories and retention of acquired knowledge,
which represents a significant improvement in learning processes (Cheng & Tsai, 2013).
By means of AR, teachers can materialise abstract concepts to help students visualise and
understand challenging subjects (Laine, Nygren, Dirin, & Suk, 2016; Moorhouse, Dieck, &
Jung, 2019).

However, it is fundamental important to introduce teachers to the field of AR. Through
teacher training, a greater understanding of the practical educational use of this immersive
technology can be achieved (Marques & Pombo, 2021). Research on the use of AR in differ-
ent educational areas has grown in the last few decades. Despite this, its incorporation into
the classroom as a teaching resource and as a tool to assist STEAM educational practices
has not always been the focus of analysis. Not many teachers currently implement this new
tool in their classes and, consequently, only a few select students benefit from AR-enriched
learning. Some recent studies have focused on the effects that the generation of learning
objects with technologies based on AR could have on students. Findings indicate increased
interest in the content, together with an increase in the degree of motivation and academic
performance attained by students (Cabero, Barroso, & Gallego, 2018). At present, one of the
areas that has been less studied is how the use of AR-based technological resources (Pellas,
Fotaris, Kazanidis, & Wells, 2019) improves the acquisition of functional skills by students
with special educational needs (SEN). Although results in this area have shown a possible
positive impact, it is still necessary to research how to adapt these technological resources
for their effective use in education (Sulaiman, Al-Samarraie, Moody, & Zaqout, 2020).

More studies must be carried out with a more significant and representative sample in
order to determine the exact effects that can be produced by the different variants of AR-
based technologies (geo-localisation, markers, etc.). It is also necessary to specify the ped-
agogical designs that are most adequate for use, along with their nature and the contexts in
which they should be used in order to maximise their possible educational effects (Gandolfi,
Ferdig, & Immel, 2018). It is important that these educational STEAM projects are linked to
the development of innovative methodologies that include theoretical models and specify
evaluation systems and methods that are compatible with AR resources for their efficient
implementation in educational environments (Pellas et al., 2019). In this way, it should
be possible to establish the methodologies, mechanisms and specific processes needed to
effectively integrate the different immersive AR-based technologies into educational con-
texts (Cabero & Barroso, 2016; Garzén, Pavén, & Baldiris, 2019).

This research study analyses the impact of the use of AR-based technological resources in
explaining and understanding certain key concepts in science subjects (Biology and Geol-
ogy) in obligatory Secondary Education. The study attempts to determine whether an
innovative methodology, based on the combination of AR technological elements (used as
complementary educational resources), can be effective in the teaching-learning process, as
established in the main research objectives shown in Figure 1. The results allow determina-
tion of the general characteristics that this methodology must include and the technological
resources on which to base it. They also enable identification of the most adequate processes
to ensure their effective application, such as a specific digital evaluation.
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Selection of Key Concepts:
Consulted Syllabus and Teachers

le= Selection of Apps:
1 (3D Mitotic Div. and LandscapAR)
1 - Design of Apps:

| (CellulAR® and SeismicAR ©)

2 METHODS

Given the nature and the complexity of the empirical research carried out, it is based on four
main types of studies (Figure 1): i) exploratory study, ii) performance study, iii) attitudinal
study and iv) teacher training study. The selection of the four types of studies was condi-
tioned by the limited bibliographical background and resources, and by the benefits of data
triangulation in order to improve the quality of the results obtained. The research entails a
mixed methodology that combines qualitative and quantitative studies (Leon & Montero,
2015). The data were analysed with IBM" SPSS’ Statistics v.22 software.

Research
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Figure 1 General diagram of the methodology used in the research

2.1 Design of the Research

To carry out the research, experts in the field of education selected four AR-based educa-
tional applications that represent four key concepts of the subjects of Biology and Geology,
two for each one. The technological resources were (Table 1): 3D Mitotic Division and Land-
scapAR, available free of charge from Android and iOS stores, and CellulAR" and SeismicAR
(developed ad-hoc by the authors for this study). This approach was aimed at avoiding pos-
sible biases provoked by the acquisition of previous knowledge. Additionally, the selection
of two pre-existing educational applications, along with the creation of two more ad hoc,
would avoid the introduction of potential extraneous variables related to design factors.
This would also provide participating teachers with the ability to choose from a wider range
of key concepts.
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Table 1 Technical characteristics of the technological resources based on AR used in this research

Technical Applications Developed Applications Selected
Characteristics
CellulAR® SeismicAR® LandscapAR Division Mitdtica 3D
Compatibility Android 6.0 i0S Android iOS Android 2.3 - Android 4.4 iOS
8.0 5.0 11.0 7.0
Version 1.2 1.1 1.2 1.1 1.5 - 1.2.4 -
Size 91 MB 200.1 43 MB 80.1 2.5 MB - 60 MB 162
MB MB MB
Location Google Play App Google App Google Play App Google Play App
Store Play Store Store Store
Availability Available Avail-  Available  Avail- Available Not Available Avail-
able able available able
Trademark Yes Yes Yes Yes
Developer MD.USE Innovative Aumen- Weekend LIITEC-ULS Universidad
Solutions, S.L. taty, Labs UG. de La Serena
S.L.
The different designs used in each type of study are summarised in Figure 2.
Type of Study Description and Objectives Design l
The four AR Apps were shown to a group of students to allow them to interact with them, to
Pilot Study test them and to express their opinions about them, evaluating the Apps in the framework of Prospective ex post facto
the pilot study.
1+ Case Study: Determine whether the use of a non-immersive technology (based on the use of
a digital whiteboard, videos, multimedia presentations, etc.), employed as a complementary
- didactic resource, can improve students’ performance in comparison with other traditional
3 educational methodologies. Division of the sample selected into two groups to compare their
3 results: control group and experimental group.
5 27¢ Case Study: Determine whether the use of an immersive technology based on AR software, .
o H & : pre-post with control
2 used as a complementary didactic resource, can induce improvements in students’ performance group
2 Performance in comparison with the use of other traditional educational methodologies. Division of the
< Study sample selected into two groups: control group and experimental group.
3
@ 3 Case Study: Verify whether the sue of an innovative methodology based on AR technology,
'§ combined with an adapted digital evaluation system, generates some type of impact on
o students’ performance in comparison with the use of other types of non-immersive educational
§ technologies. The mean score obtained by the experimental groups was compared.
£
z 4t Case Study: Compare the mean score obtained by the students of the experimental group sk S e
= who had used some of the AR applications in a preliminary evaluation in which there was no RIC e v
- intervention with the mean score of the evaluation in which there was an intervention.. group
o
B
3
S Attitudinal With the objective of completing the data obtained in the preliminary performance study, an
H Stud attitudinal questionnaire was only administered to the students that had formed part of an Prospective ex post facto
5 ne experimental group .
In order to encompass the largest number of perspectives of analysis as possible, teachers who
Teach had participated in the research regarding their training were also questioned directly. The use
Trai ?ac ser d of this qualitative method is fully justified, since it has allowed theoretical triangulation with the | Exploratory and descriptive
raining Study data obtained in the set of quantitative studies carried out as part of the research (Carrascal et
W al,, 2022).
Figure 2 Diagram of the designs used in each type ofstudy
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2.2 Design of Instruments

In order to guarantee the full functionality and technical quality of the four AR applica-
tions selected and developed ad-hoc, they were subject to a process of technical and didac-
tic evaluation (Barroso et al., 2017). The technical evaluation included verifying specific
aspects connected to the functioning of and interaction with the virtual objects generated,
optimising the modes of visualisation and sequencing between scenes, accessibility of the
digital information and ease of navigation. The didactic evaluation was geared at determin-
ing students’ assessment so as to guarantee its reliability and validity. For this purpose, a
pilot study was carried out, in which students were asked their opinion regarding the tech-
nical and aesthetic aspects of the four AR applications, as well as their perception of ease of
use. The basic structure of a previously validated questionnaire prepared for the evaluation
of virtual educational and training resources in prior research Cabero-Almenara, Llorente-
Cejudo, and Gutiérrez-Castillo (2017) was used as a reference, thus ensuring the validity of
the content of the questionnaire used (Saez, 2017).

The instrument designed for the study of academic performance consists of an objec-
tive test prepared ad-hoc. Its purpose is to assess the knowledge acquired by the students
regarding content taught in accordance with the objectives of the subject’s syllabus. All
of the items were designed on the basis of the levels of cognitive domain, knowledge and
comprehension in the framework of Bloom’s Taxonomy (Bloom, 1956). Each one of the
four performance tests designed on paper, intended to be used by the control groups, was
also designed in digital format as an electronic questionnaire intended for the experimental
groups. To determine the validity of the content, a draft of the tests designed was sent to a
group of twelve education experts for revision, analysis and evaluation.

An instrument based on an attitudinal questionnaire was created ad-hoc to ask the stu-
dents belonging to experimental groups about specific aspects in connection with the AR
methodology and technology used in the classroom. The instrument was adapted from two
models previously proposed by other authors:

1. the “Technology Acceptance Model” (TAM), used as a reference to determine the
Degree of Acceptance of the technology by the students in respect to the use of an
innovative methodology. This model, proposed by Davis (1989), continues to be used
in different research within the framework of the applicability of educational tech-
nology (Cabero et al., 2018). Including a study related to the acceptance of AR tech-
nology in this research is justified, taking into account that authors such as Scherer,
Siddig, and Tondeur (2020) advocate the need to assess the level of acceptance of the
technology in each study, highlighting the importance of not taking it for granted in
a general manner.

2. the model proposed by Keller (2010), used as a reference to determine the Level of
Motivation generated in students by the application of the innovative methodology
proposed. The “Instructional Materials Motivation Survey” (IMMS) was adapted and
applied to the specific case study.
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In addition to collecting information regarding the main dimensions, i.e. Level of Moti-
vation and Degree of Acceptance, a third dimension was added, initially called Degree of
Comprehension.

Initially, the instrument comprised three dimensions, seven indicators and 26 items, to
which nine categorical variables were added: sex, age, student with SEN, name and type of
school (public or private with public funding), school’s geographic location, experience in the
use of AR, habitual use of non-immersive technology in the classroom, habitual use of AR-
based technology in the classroom and habitual use of an adapted evaluation system.

The initial attitudinal questionnaire was sent to a group of 10 scale design experts to
ensure the validity of the content. Subsequently, following the recommendations and the
criteria established, the initial attitudinal questionnaire was modified and finally consisted
of a three dimensional structure, seven indicators and 35 items (Table 2).

Table 2 Final structure of the attitudinal questionnaire designed for the research

Dimensions Indicators Items
Degree of Motivation Attention 1-7
Confidence 8-11
Satisfaction 12-16
Relevance 17-21
Level of Acceptance of AR Technology Perceived Utility 22-26
Perceived Ease of Use 27-30
Degree of Comprehension of Key Perceived Ease for Comprehension of Key 31-35
Concepts Concepts

The instrument to assess the Level of teacher training was designed ad-hoc, with the
objective of asking each one of the 16 teachers participating in the different phases of
the research about their use of educational technology in general (immersive and non-
immersive) and about adapted digital evaluation systems. In order to determine the validity
of the content, a group of three experts was consulted. Taking into account their opinions
and recommendations, the final questionnaire consisted of the following three questions:
(1) As a teacher, had you ever taken, prior to the month of January 2019, a training course
related to the use of non-immersive educational technology (use of educational platforms such
as Classroom, use of digital boards, programs such as PowerPoint, etc.)?; (2) As a teacher, had
you ever taken, prior to the month of January 2019, a training course related to immersive
educational technology, specifically based on Augmented Reality?; (3) As a teacher, had you
ever taken, prior to the month of January 2019, a training course related to the use of digital
evaluation systems specifically adapted to the use of immersive technology in the classroom?

In the design of all instruments administered to students for the study, ethical and legal
issues covered by the applicable legislation at that time were taken into consideration. The
data protection and digital rights legislation was applied, specifically in relation to obtain-
ing the necessary approval from the educational centres to conduct the study in their class-
rooms, as well as informing the participants about the objectives of the study and the guar-
antees established to maintain their anonymity and confidentiality.

Journal of New Approaches in Educational Research, 12(1) | 2023 | https://doi.org/10.7821/naer.2023.1.1250 25


https://doi.org/10.7821/naer.2023.1.1250

Delgado-Rodriguez, Santiago; et al.

Design, Development and Validation of an Educational Methodology

2.3 Selection of the sample and the participants

Participants in the research consisted of students (n = 500) and teachers (n = 16) of the
science subjects of Biology and Geology in fourth year of obligatory Secondary Education.
All of the students and teachers were from either public schools (n = 10) or private schools
with public funding (n = 6) within the Autonomous Community of Cantabria, in Spain
(Table 3). Of the 500 students, 2.2% (n = 11) participated in the pilot study and 97.8% (n =
489) participated in the performance study. In turn, 40.7% (n = 199) of these students who
participated in the performance study also participated later in the attitudinal study, having
been in the experimental groups that used the AR applications.

The sampling used in this study is probabilistic, random, and multi-stage. First, we
selected the educational centres that voluntarily agreed to participate in the study. Then, we
chose the course, science subject and, finally, the units of participating students who were
already grouped in their respective educational centres.

3 RESULTS

Different statistical analysis techniques were selected depending on each design.

3.1 Quantitative Studies
3.1.1 Exploratory Study

In order to establish the reliability of the instrument administered in the pilot study, Cron-
bach’s Alfa procedure was used to determine the internal consistency index. Alfa values of
0.685 and 0.681 were obtained for the Technical Aspects and Facility of Use aspects, respec-
tively (total value for the questionnaire: 0.682).

In the two dimensions analyzed, the descriptive analysis of the students’ answers to the
questionnaire reflects scores that are much higher than 3.5, the scale’s mean. The data reveal
medium-high homogeneity of the answers, indicating evident uniformity of the students’
opinions regarding the AR applications.

Given the small number of students that participated in the study, it is assumed that the
sample does not present normality in respect to the sample populations, which is why the
non-parametric Kruskal-Wallis test was applied (values shown in Table 3).

Table 3 Values obtained with the Kruskal-Wallis test

Dimensions
Technical and Aesthetic Ease of Use Group
Aspects dimensions
Chi-square 2,688 1,198 1,614
df 3 3 3
Sig. 0.442 0.753 0.656

It is possible to conclude that the students’ assessments of the four AR applications do not
present statistically significant differences from one to the other. Ultimately, the selected
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group of students considered all four selected digital technological learning resources equiv-
alent in terms of their capacity to show the four key concepts selected. These resources were
considered to have an equivalent conceptual level, ensuring their reliability and validity.

3.1.2 Study of Performance

Applying Kolmogrov-Smirno’s and Shapiro-Wilk’s normality tests, significance degrees of
p >,05 (sig. =.200 and sig. =,685 respectively), were obtained, confirming the normality of
the student sample. The empirical data obtained from the field work on the performance
tests carried out with the groups of students is summarised in Table 4.

Table 4 Empirical data obtained in the objective academic performance tests

PARTICIPATING No. of CASE STUDY 1 CASES STUDIES 2 and 4
SCHOOLS Groups
Control Experimental Control Experimental Group
Group Group Group
Mean Score Mean Score Mean Score Mean Score Group’s Mean  Group’s Mean Score
Score in in the Evaluation
Preliminary with Intervention
Evaluation
CEC2* 2 - - 5,02 7,16 6,96 6,85
CEC3 2 = - 6,67 7,44 - -
CEC4 2 5,80 6,64 5,80 6,64 6,62 7,08
CEC5 1 - - 5,33 4,55 6,27 6,64
CEC6 1 5,83 8,96 6,15 4,48 6,74 7,56
CEP7** 2 3,92 5,58 4,84 7,83 6,73 6,32
CEP8 2 - - 4,49 4,67 5,72 5,52
CEP9 1 4,86 6,22 5,05 4,89 5,30 5,50
CEP10 2 7,56 6,33 6,74 6,44 5,19 5,05
CEP11 2 5,87 4,67 4,56 2,82 5,80 5,70
CEP12 2 3,78 5,87 1,40 2,00 4,38 3,70
CEP13 2 = - 3,56 3,27 5,25 6,08
CEP14 2 4,95 7,19 5,79 3,73 591 5,73
CEP15 2 7,33 7,65 7,13 6,96 7,49 7,62
CEP16 2 6,28 5,79 - - - -
TOTAL MEAN 5,62 6,49 5,18 5,21 6,03 6,10
SCORES:

*CEC: Private School with Public Funding; **CEP: Public School

In order to carry out the performance test, four equivalent objective performance tests
were created ad-hoc (one test for each of the key concepts used). Due to spatial and temporal
determinants and limitations, finally only two performance tests were used, corresponding
to the Biology and Geology concepts of Cellular Division and the Earth’s Internal Structure,
respectively.

Cronbach’s Alfa procedure was used to obtain an approximation of the degree of relia-
bility of the instruments used. A value of 0.969 was obtained in respect to Cellular Division,
and of 0.956 in the case of the Earth’s Internal Structure.
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The statistical inference study of the data was structured into four different yet comple-
mentary case studies:

3.1.2.1 First Case Study The mean score (5.62) obtained by the ten control groups that
used traditional complementary learning resources is compared with the mean score (6.49)
obtained by the other ten experimental groups that used the non-immersive technological
resource in the classroom. For that purpose, the parametric statistical test for quantitative
data known as student’s ¢ test was used to determine if the means of independent samples
are equal (Pardo & San Martin, 2015; Séez, 2017) (Table 5).

Table 5 Results obtained in Levene’s test (quality of variances) and Student’s t test (equal means) - First performance case study

Levene’s test of quality Student’s t test for equal means
of variances
F Signif. t df Signif. Difference Difference 95% confidence interval
(bilat- of means of of difference
eral) standard
error
Lower Higher

Mark Equal 0,086 0,773 -1,574 18 0,133 -0,872 0,55414 -2,03621 0,29221
Written vari-
Perfor- ances are
mance assumed
Test

Equal -1,574 17,948 0,133 -0,872 0,55414 -2,03646 0,29246

variances

are not

assumed

These results suggest that there are no statistically significant differences between the
mean score of the control groups and the experimental groups: ¢ (18) = 1.57, p > .05.

3.1.2.2 Second Case Study The mean score (5.22) obtained by the control groups that
used traditional complementary learning resources is compared with the mean score (5.08)
obtained by the experimental groups that used the AR-based immersive technological
resource in the classroom, in combination with a digital evaluation system. In this case, the
student’s ¢ test was applied. Following an analysis of the data obtained, shown in Table 6,
it is possible to conclude that there are no statistically significant differences between the
mean score of the control groups and that of the experimental groups: t (26) = .22, p > .05

3.1.2.3 Third Case Study Asa particular case study, the mean score (6.49) obtained by the
experimental groups that used non-immersive technology as a technological educational
resource was compared with the mean score (5.08) obtained by the experimental groups
that used AR-based immersive educational technology combined with a digital evaluation
system. Once again, the student’s ¢ test was applied, with the results shown in Table 7, lead-
ing to the conclusion that there are statistically significant differences between the mean
scores of the two sets of experimental groups: t (22) = 2.12, p > .05. In addition, the effect
size calculated is .93, which indicates a large effect in accordance with the criteria established
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Table 6 Results obtained in Levene’s test (quality of variances) and Student’s t test (equal means) - Second performance case study

Levene’s test of

Student’s t test for equal means

quality of variances
F Signif. t df Signif. Difference Difference 95% confidence interval
(bilat- of means of of difference
eral) standard
error
Lower Higher
MarkWrit-  Equal 1,149 0,294 0,224 26 0,825 0,14143 0,63156 -1,15676 1,43962
ten Perfor- vari-
mance Test ances are
assumed
Equal 0,224 25,039 0,825 0,14143 0,63156 -1,15919 1,44205
variances
are not
assumed

by Cohen (1992), and a minimum-moderate effect in accordance with criteria established

by Ferguson (2009).

Table 7 Results obtained in Levene’s test (quality of variances) and Student’s t test (equal means) - Third performance case study

Levene’s test of quality

Student’s t test for equal means

of variances
f Signif. t df Signif. Difference Difference 95% confidence interval
(bilat- of means of of difference
eral) standard
error
Lower Higher

Mark Equal 2,584 0,122 2,122 22 0,045 1,40786 0,66341 0,03203 2,78369
Written vari-
Perfor- ances are
mance assumed
Test

Equal 2,273 21,915 0,033 1,40786 0,61948 0,12284 2,69288

variances

are not

assumed

3.1.2.4 Fourth Case Study For the purpose of completing the data obtained in the sec-

ond case study, the mean scores (6.03) obtained by the students of the experimental groups

to which the innovative methodology was applied and who were tested with an adapted

digital system (post-test mean) were compared with the mean scores (6.10) obtained by

those same students in the evaluation performed prior to the study and the intervention

(pre-test mean). The student’s ¢ test was then applied; however, since related groups were

involved, prior application of Levene’s test was not an essential requirement. The analy-

sis did not reveal any statistically significant differences between the experimental groups’
pre-test and post-test mean scores: ¢ (12) = .61, p > .05. (Table 8).
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Table 8 Results obtained in the Student’s t test - Fourth performance case study

Mean Standard Standard error of  95% confidence t df Signif.
deviation mean interval of (bilateral)
diference
Infe- Supe-
rior rior
Mark Pre - Post Evaluation (AR - 0.45055 0.12496 - 0.19611 - 12 0.554
Intervention Group) 0.07615 0.34842 0.609

3.1.3 Aftitudinal Study

The attitudinal study was geared towards trying to answer the following questions:

1. Whether the use of an innovative AR-based methodology and a digital evaluation
system has an impact on motivation and the degree of acceptance of the technology;

2. Whether the use of an AR-based technology as a complementary educational
resource favours comprehension of any key concept by the students of science
subjects in general and by SEN students in particular;

3. What specific variables have a significant impact on factors such as motivation and the
degree of acceptance of the technology; and whether these variables have an influence
on other possible related factors.

The instrument’s internal consistency was determined by means of Cronbach’s Alfa coeffi-
cient, obtaining a global value of .980.

Considering the questions formulated and in order to establish the possible relation-
ships between the variables and the factors, an Exploratory Factor Analysis (EFA) was car-
ried out (Hair, Black, Babin, & Anderson, 2018). This type of analysis was selected because
one of the study’s objectives is to verify in an exploratory manner the questionnaire’s inter-
nal structure by means of its main components, and to determine the possible existence
of other factors in the underlying structure (Lopez-Aguado & Gutiérrez-Provecho, 2019).
Previously, the coefficients of the correlation matrix were calculated, determining the rela-
tionships between the pairs of variables. Barlett’s test of Sphericity and the Kaiser Meyer
Olkin (KMO) test were used to measure sampling adequacy, obtaining the values shown
in Table 9, which verified that the conditions required to carry out the exploratory factor
analysis were satisfied.

Table 9 KMO and Bartlett’s test for EFA

Kaiser-Meyer-Olkin measure of sampling adequacy 0.956

Bartlett’s sphericity test Aprox. Chi-square  5794,370
df 595
Signif. 0,000

Note: Sample N = 199

The exploratory factor analysis was performed using the Principal Components method
with Varimax rotation. For the selection of the specific number of factors and following the
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criteria established by Abad, Olea, Ponsoda, and Garcia (2011), sedimentation graph anal-
ysis (Scree Test) (Figure 3) was chosen as the complementary method. The data obtained
from the analysis enabled the suitability of extracting three main factors to be established.
This number is considered to be sufficient because it notably reduces the number of initial
factors and explains 69.2% of the variance (61.0%, 5.1% and 3.1% for each factor, respec-
tively). The results permitted grouping of the items and designation of the factors (com-
ponents) as follows: (1) Level of Motivation: 18 items; (2) Degree of Acceptance of the AR
Technology: 15 items; and (3) Degree of Acceptance of the Adapted Digital Evaluation System:

2 items.

Eigenvalue

0 ©

T T

T T
2345

T T T T T T
67 2

T T T T T T T T T 11T T T T T 1 R, R
1 8 9101112131415161718192021222324252627 282930 31323334 35

Factor Number

Figure 3 Sedimentation Graph or Scree Test obtained from the Principal Components method

The descriptive analysis of the data obtained from students’ answers to the questionnaire
reflects mean score values higher than the scale’s theoretical mean, i.e. 3.0, in the three
dimensions that comprise the attitudinal questionnaire, items 1 to 35.

It should be noted that analysis of the data shows low typical deviations in the assess-
ments carried out by the students, at both the individual and the global level (1.17) of
the item, which indicates an average homogeneity and evident uniformity in the answers
obtained.

The following independent variables were used to perform the inferential study: Sex,
Student’s Age, Condition of Students with Special Educational Needs, Type of School, School’s
Geographic Location, Habitual Use of Non-Immersive Technology, Habitual Use of AR Tools
in the Classroom, Use of VR Tools in the Classroom and Habitual Use of Evaluation Systems
Adapted to New Technologies. The three factor scores obtained were used as dependent vari-
ables: Level of Motivation, Degree of Acceptance of the Technology and Degree of Acceptance
of an Adapted Digital Evaluation System. To compare quantitative data with more than two
groups, a fully randomised one-way ANOVA parametric test was used, obtaining the fol-
lowing results:
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The Age of Students has a statistically significant impact on the level of acceptance of an
adapted evaluation system: F (2.157) = 3.03, p = .05 with low-medium strength of associa-
tion (0.025) (Cohen, 1988). The results of the post hoc analysis of the data obtained show that
the groups of students aged 16 and 17 or more have higher scores than the other students in
the statistic F corresponding to the factor Degree of Acceptance of an Adapted Digital Evalu-
ation System. Thus, the students aged 16-17 or more present a greater degree of acceptance
of adapted evaluation systems than the other, younger students.

The condition of Student with Special Educational Needs has a statistically negative
impact on the Degree of Acceptance of Augmented Reality Technology: F (1.158) = 5.47, p <
.05 with low-medium strength of association (.027). A post hoc analysis reveals that Student
with Special Educational Needs has higher scores in the statistic F corresponding to the factor
Degree of Acceptance of Technology than the other students, suggesting that they present a
higher degree of acceptance of AR-based technology in comparison with the other students.

The School’s Geographic Location has a statistically significant impact on both the
Degree of Acceptance of the Technology and the Degree of Acceptance of an Adapted Digi-
tal Evaluation System, respectively: F (5.154) = 3.39, p < .05 with a medium strength of
association (.07). A more detailed analysis of the data obtained reveals that the students
of schools located in towns of more than 10,000 inhabitants and big urban environments
obtain higher mean scores in factor F, corresponding to the Degree of Acceptance of the Tech-
nology, in comparison with students of schools located in towns with fewer inhabitants and
environments of smaller municipalities. One hypothesis which may explain these results is
the existence of a possible digital gap between urban centres with a high population density
and rural centres or areas with a low population density.

The Habitual Use of Educational Resources based on AR technology in the Classroom
has a statistically significant impact on the Degree of Acceptance of an Adapted Digital Eval-
uation System: F (1.158) = 6.37, p < .05 with low-medium strength of association (.033).
Moreover, a post hoc analysis reveals that the students who use AR resources in class obtain
a higher score than the other students in statistic F corresponding to the factor Degree of
Acceptance of an Adapted Digital Evaluation System. In consequence, it is possible to con-
clude that students who use AR resources in class have a greater degree of acceptance of
adapted evaluation systems in comparison with other students.

3.2 Qualitative Studies
3.2.1 Study Regarding the Teachers' Level of Training

In qualitative research studies, confidence in the results obtained and the security of the
conclusions depends on the instrument’s reliability and validity (Leon & Montero, 2015).
As a consequence, it is possible to conclude that the security of the results obtained is high,
which in turn justifies the high level of confidence in the data offered by the teachers by
means of the triangulation process.

The results of the questionnaire administered to the teachers (n = 16) participating in
the study reveal the following information:
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1. 75.0% of the teachers (n = 12) answered that they had had a training course in con-
nection with the use of a non-immersive educational technology (Item 1).

2. 100.0% of the participating teachers (n = 16) answered that they had never had any
training course in connection with an immersive technology applied to education
specifically based on AR technology (Item 2).

3. 93.8% of the teachers (n = 15) answered that they had never had any training course in
connection with the use of digital evaluation systems adapted to the use of immersive
technology in the classroom (Item 3).

4 DISCUSSION AND CONCLUSIONS

This study investigated the impact of an innovative educational methodology using Aug-
mented Reality (AR) technology, combined with an adapted digital evaluation system, on
fourth-grade students studying Biology and Geology in secondary education. The study
also examined the factors that influence the teaching-learning process in these subjects.

The results are based on the statistical treatment and analysis of the data obtained in
each one of the four principal studies into which the research is structured. This procedure,
structured in different phases, enabled triangulation of the resulting data to complete the
information in order to obtain the final conclusions.

The analysis of students” assessments carried out in the pilot study confirms that the
instrument utilised presents adequate technical characteristics for use in the preliminary
evaluation of the AR applications employed during the research process. These results
support the data obtained in other related studies, such as the one conducted by Cabero-
Almenara et al. (2017) in which a similar instrument was used.

The data obtained in the first phase of the performance study reveal a positive improve-
ment in the scores obtained, although it is not significant from a statistical point of view.
This supports rejection of the hypothesis that the use of a methodology based on non-
immersive educational technology can have a significant impact on students’ performance.
The analysis of the data obtained in the second phase of the performance study suggests
rejecting the hypothesis that the use of an innovative methodology, based on the combi-
nation of AR technology and an adapted digital evaluation system can have a significant
impact on students’ general performance. These results apparently differ from other recent
studies that suggest that the use of AR-based technology in Secondary Education led to
improvements in the learning process and academic performance (Garzon et al., 2019).

It should be noted that the data analysed show that the students who formed part of the
experimental groups, to whom the key concept had been explained with the help of non-
immersive technological resources, obtained significantly higher scores, with a large effect
size in comparison with the ones obtained by the students in the experimental groups who
had had the key concept explained with the help of the AR-based application. This result
suggests rejection of the hypothesis that the use of an innovative methodology based on the
combination of AR technology and an adapted digital evaluation system can have a positive
and significant impact on students’ performance in general, in comparison with the use of
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other non-immersive technologies.

The analysis of students’” evaluations, carried out by means of the attitudinal question-
naire, indicates uniformity and reliability. The evaluations provide an argument of valid-
ity to determine the acceptance of AR technology by the students, in accordance with the
results obtained by other researchers in this field (Scherer et al., 2020). The data obtained
from the analysis of the answers indicate that an innovative AR-based methodology to
explain key concepts of a subject, combined with an adapted digital evaluation system, has
a positive influence on students’ level of motivation in general. These data complement
the results obtained from quantitative and qualitative data by other researchers in similar
studies conducted in the field of Secondary Education (Serio, Ibaniez, & Delgado, 2013).

A positive impact is also generated on the degree of acceptance of AR-based technology
in students in general, and it is very significant in the specific case of students with special
educational needs, with an effect of low-medium strength. These findings coincide with
the conclusions of similar studies carried out in this field (Bacca, Baldiris, Fabregat, Graf,
& Kinshuk, 2014; Baragash, Al-Samarraie, Ibrahim, & Alfarraj, 2020; Cabero-Almenara,
Barroso-Osuna, Llorente-Cejudo, & Fernandez, 2019; Wu, Lee, Chang, & Liang, 2013).

The data analysed in this study regarding the factor structure of the attitudinal ques-
tionnaire reveal the existence of a third factor relating to the degree of acceptance of digital
evaluation systems adapted to AR-based educational technology, which is positively val-
ued by students in general. The set of three factors, i.e. the level of motivation, the degree
of technological acceptance and the degree of acceptance of an adapted digital evaluation
system, better represents the structure of the data as a construct. These data suggest the
need to incorporate adapted digital evaluation systems as part of educational methodolog-
ical strategies based on the use of AR immersive technology. This finding is consistent with
the hypothesis proposed by some digital technology experts, such as Livingstone (2012)
and upheld by Nieto (2016) and Blazquez, Alonso, and Yuste (2017) whereby the use of an
innovative methodology in combination with an adapted digital evaluation system enables
a positive effect that generates deep methodological changes. These changes are based on
specific skills and strategies related to the educational technological resources, which cannot
otherwise be effectively produced or quantified with traditional evaluation systems.

The students from schools located in urban environments and towns of more than 10,000
inhabitants show a positive level of acceptance of the adapted digital evaluation system.
These students show a greater degree of acceptance than the others of AR technology as
an educational resource, suggesting the possible existence of a digital gap between students
from urban areas and students from rural areas (Alalwan et al., 2020).

The data obtained indicate that students can understand better key concepts explained
by the teacher with the help of an AR application used as an educational resource, upholding
the hypothesis that an AR-based technology used as a complementary educational resource
can generate a positive impact on students’ academic performance and comprehension.

The results of the analysis of the data indicate the existence of a statistically significant
effect between the personal use of AR-based applications by some students in their personal
environment and their willingness to use this technology for educational purposes. These
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data extend the results obtained in similar research and are also in line with the research
carried out in this field by Cai et al. (2017), Ibanez, Serio, Villaran, and Delgado (2014),
and Sahin and Yilmaz (2020) to determine the possible impact the use of this technology
could generate on learning and on improvements in associated cognitive processes in com-
parison with other traditional non-immersive didactic methods and resources.

From a theoretical point of view, the proposed methodological design should generate
gains in the learning processes. However, in light of the empirical results obtained, the fact
that there is no impact on the performance of the students of the sample in comparison with
the use of non-immersive technology, or even in comparison with a traditional classroom,
requires consideration.

Hence, it should be noted that the results obtained that are related to teachers’ level of
training reveal that the majority of the teachers who participated in the study had prior
training in non-immersive educational technology. In contrast, none of the participating
teachers had ever received any kind of specific training related to AR-based immersive tech-
nology, and only one had received previous training specifically related to adapted digital
evaluation systems.

These data coincide with those of other researchers such as Alalwan et al. (2020), who
reported a generalised lack of comprehension of the appropriate manner in which immer-
sive technology should be used in order to optimise its effects in learning, and the lack of
specific teacher training on the correct use of said technology. In this sense, Scherer et
al. (2020) contemplated the need to analyse the principal causes that condition acceptance
of the technology by teachers in educational environments. Marques and Pombo (2020)
revealed a positive disposition on the part of teachers towards the use of this type of educa-
tional technology, and indicated that they must be given specific training to develop con-
crete skills to enable the correct use of technological resources and the specific attitudes and
knowledge to apply them. The analysis of the data obtained supports the hypothesis that
teachers’ specific training in immersive educational technology has a significant impact on
teaching and learning processes that integrate innovative methodologies based on immer-
sive technological resources and adapted digital evaluation systems. Said data coincide with
the opinion of educational experts who have found improvements in students’ performance
linked to their use of technological resources depending, in turn, on the specific training
of teachers in connection with the specific use of educational technology (Blizquez et al.,
2017).

The results of this research coincide with those obtained by Nieto (2016) and by Spiteri
and Rundgren (2020), who concluded that technology in general and immersive technology
in particular cannot, on its own, generate a greater impact on students’ learning experience.
Similar conclusions have been reflected in international reports, such as Brown et al. (2020).

On the basis of the results of this multidisciplinary study, the findings obtained allow
the empirical validation of the theoretical-educational model proposed, provided that the
teachers involved in the educational processes have specific training for its implementation
and development in the framework of STEAM education.
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