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ABSTARCT

Augmented reality is a concept that includes virtual reality, augmented reality and hybrid reality. It has made
remarkable progress in recent years and has a great impact on understanding education. Based on two key concepts:
immersion and existence, the study of extended reality is helpful to improve teaching. However, these contributions
need to be reviewed on a key theoretical basis to avoid falling into technophobia without scientific evidence. The
purpose of this article is to understand and evaluate the contribution of a wide range of realities to education and the
educational challenges faced before the development of Metaverse. To the end, RST defines each type of reality and
critically evaluates their application in the field of education. Second, it puts forward critical arguments on the
advantages and disadvantages of these technologies in educational practice. Third, it describes the challenges faced by
Metaverse in education. This analysis shows that augmented reality contributes to the innovative development and
improvement of the teaching process, despite the lack of teacher training to design the learning experience according to
augmented reality, and the lack of interdisciplinary cooperation in technology and education. These results have affected
the development of Metaverse, which is another step in expanding the evolution of reality and will have a significant
impact on the field of education. The survey results show that it is necessary to design an ethics code, develop a culture
and protect the identity of users.
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1. Introduction innovation of teachers’ methodology, which

depends on their educational background and

The educational community is learning how attitude towards teaching and learning®*.

developments in the field of information and
communication technologies (ICT) can provide
students with new learning tools that enable them
to improve their knowledge beyond time and
geographical barriers!'?. Research shows that the
impact of ICT on the inaccuracy of educational
practice is embodied in the small-scale educational

ARTICLE INFO

Emerging technologies are changing traditional

teaching models, which are close to online

scenariost>®,

Despite the progress made in
infrastructure, telematics resources, training and
teachers’ digital capabilities, the existence of ICT

represents a major change in teaching practice!”.

In the past decade, online learning has
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expanded to the field of education, so research has
focused on understanding the potential of
emerging technologies in virtual environments'®*".
Schroeder''”! defines a virtual environment as “a
computer-generated screen that allows users to feel
that they are in and interact with an environment
different from the actual environment”. Among the
most widely used trends in virtual environments,
mobile learning is a method centered on learning
knowledge using mobile phones!'"). This approach
contributes to the development of four types of
learning: personalized learning, which allows
students to learn at their own speed; situational
learning, including learning in a real environment
using mobile devices; collaborative learning,
which allows easy interaction and communication
with other students and informal learning, which
occurs when students learn outside the classroom
at their own speed'”. In recent years, more and
more attention has been paid to using mobile
phones with educational functions!”). The
scientific literature “CA” focuses on the impact of
mobile learning on students’ academic
performance!'*.

The epidemic caused by Covid-19 highlights
the role of emerging technologies in education.
Virtual reality (VR), which is considered as the
learning tool of the 21st century'””!, Augmented
Reality (AR) " and Hybrid Reality (HR) !, is
used most with mobile phones, and they constitute
Extended Reality (ER) . This is a concept
involving virtual and real environments and
interaction with users!"”. Progress in a wide range
of realities has enabled people to validate tools to
measure the degree of presence provided by virtual
environments, opening up new possibilities for

education®”,

Theoretically, it is necessary to understand the
input provided by a wide range of realities, which
may be a remedy to help disseminate information,
or something harmful that can replace teachers'*".
In addition, it is necessary to critically re-examine
the contribution of extensive reality to education,

because the development of Metaverse is a

challenge that educational theory must face.

The overall goal of this paper is to understand
and evaluate the contribution of extended reality
(virtual reality, augmented reality and hybrid
reality) to education and the educational challenges
brought by the development of Metaverse. Starting
from a well-founded critical methodology, we
must first understand the concept of each
technology and its potential in the field of
education from a critical perspective, to avoid
falling into the so-called technical field or lack of
enthusiasm for the possibility of new technology.
Secondly, the advantages and disadvantages of
these technologies in educational practice are
discussed. Thirdly, it describes the challenges
faced by Metaverse in future education, which
opens a new research field.

2. Methodology

This work is carried out within the framework
of a critical methodology, which comes from the
social critical paradigm and is based on a critical
analysis of reality to change educational practice®.
This approach enables us to re-examine the
application, advantages and disadvantages of each
reality in order to provide knowledge for
educational researchers and professionals and
apply it to the field of education'**!. The contents of
the bibliography were analyzed using atlas
software. It allows the identification of four
categories: Each realistic concept, its application in
the field of education, advantages and
disadvantages.

3. Result

3.1. The concept of virtual reality and its
contribution to education

Virtual Reality (VR) is an analog environment
built in digital form. It has visual and sound effects
to make users believe that their environment is real.
It can be used in the field of education to immerse
students in a created space and make them feel
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different emotions, such as walking in ancient
Egyptian cities™. It includes two key concepts:
immersion and presence. The first describes the
experience generated by using technology, which
introduces us to an imaginary field and exchanges
realistic information generated with another
number, such as images and sounds'*. The second
is the subjective response of users immersed in the
virtual environment, so the behavior of the brain is
similar to that in the real world*®.

It emphasizes the possibility of virtual
liteARture in the process of science teaching. The
virtual reality laboARtory used to teach stem
(Science, technology, engineering and
Mathematics) allows experimental simulation
using 3D created objects!*”
designed virtual reality applications based on

specific learning theories and studied how to
[28]

. Few studies have

integARte them into the curriculum

Different studies have shown that virtual
reality scenes can produce mild insecurity and
other more important dizziness®”, which
highlights the importance of designing scenes that
minimize physical discomfort. Study by Krokos et
al B shows that after participating in the virtual
reality education experience, students can retain
more information and better apply what they have
learned.

Advantages and disadvantages of virtual
reality

The advantage of RV is that it can witness a
situation. When students immerse themselves in a
virtual reality environment with a helmet mounted
display (HMD) or a helmet like display device,
they feel a greater sense of presence, but they learn
less than another low immersion computer
environment”'l. The disadvantages of RV are the
technical defects of using RV and the high cost of
equipment required for high-level immersion
experience®”,  which  contribute to  the
implementation of RV in educational practice. In
this sense, the professional knowledge related to
virtual reality has not been consolidated in

education in terms of students’ feelings, because
the equipment required to implement virtual reality
in the classroom requires a lot of training and
investment.

3.2. The concept of augmented reality and
its contribution to education

Thomas P. Caudell, a researcher and scientist,
coined the term “Aumen Tada reality” (AR) for de
fi NIR in 1992, which is a technology to increase

visualization™**¥,

vision  through  frontal
Augmented reality is a technology that allows
users to see Supplementary reality through virtual
objects superimposed on the real world™”. It is an
environment that contains two world elements
(real and virtual), maintains real-time inteARction
and can be displayed in three dimensions™”. Since
2010, the number of research on the application of
AR in education has increased significantly due to
the integration of AR system into smartphones and
tablets, which stands out among emerging
technologies””.

The application of AR in education enables
teachers and students to annotate in the real world,
interact with real and virtual objects, and safely use
virtual objects for practice in the real environment,
such as animal anatomy™®. In this regard, one of
the areas most affected by AR is stem, where AR
based exploARtion tools are used together with
research and simulation activities”*!. In the field of
mathematics, the use of AR in educational practice
has a significant impact on concept
understanding”®”, problem-solving ability!*” and
academic achievement®'’. One of the most
common AR models in the field of education is
GPS geolocation, which is a technology that can
understand geographical location anywhere in the
world and obtain maps and real-time information

]

through  geolocation*.  Geolocation  and

augmented  reality  facilitate = autonomous
environmental  exploration  activities  and
geogARphical concepts**.



From broad reality to the Metaverse: Critical reflection on the contribution of education

Advantages and disadvantages of augmented
reality

The advantage of AR in education lies in its
ability to help students participate in immersive
technical activities and improve the learning

[45]

experience The use of AR in educational

practice has a moderate impact on students’

6] The disadvantages of

academic performance
AR are related to its complexity, which translates
the need for special training for teachers into
creating content to improve the teaching process
AR challenges educational practice to improve the
teaching and learning process: lack of teacher
training and experience, need for more classroom
time to improve its use, and deficiencies in high

[48]

rate classrooms'™™. AR is another step in the

High fidelity
simulation

[47]

combination of RV and the physical world, which
helps to stimulate students’ enthusiasm, although
there is insufficient training in the implementation
of university courses in educational practice.

3.3. The concept of mixed reality and its
contribution to education

Milgram and Kishino®, two groundbreaking

technical researchers, explained the possibility of
RM improving learning anywhere “at both ends of
the virtual continuum”. In this case, the virtual
environment extends from the real environment to
the virtual environment through a technology that
can “increase” the user experience. In this sense,
they created a “reality virtual continuum” (see
Figure 1) to describe the evolution of RM.

Low fidelity
simulation

Real Augmented
environment reality
v

r
'

Mixed reality ;

______________

Figure 1. Evolution of mixed reality

Source: Translated from Pellas et al. (2019)°")

RM is a combination of AR and RV, which
provides the possibility of physical inteARction
with virtual objects in the real world”". It can be
used to develop “enhanced” environments in other
real worlds where users can add or integARte
virtual information™?. In an RM environment, data
is processed through a variety of different input
devices, such as smart glasses, tablets, sensors, or
personal computers (PCS), which are combined
with output devices, such as projectors, interactive
walls, or PC monitors that display processing
results. All input and output devices must be
integrated into a physical environment to improve
the user’s sense of “presence” . The main
difference between AR and RM is that the former
allows virtual objects to overlap in the real world,

while the latter is a means to integARte a set of
virtual and real elements through the continuity of
reality". Studies have shown that the use of RM
in teaching can produce!>.

The main challenges posed by VR, AR and
RM are personalized learning and educational
intelligence. Learning personalization means
creating and implementing a learning experience
based on students’ educational needs and
characteristics (previous understanding, interest
and learning style of a subject). Educational
intelligence is the application of new technologies
and intelligent methods to improve students’
learning""".



Ortega-Rodriguez

The application of RM in education has been
the subject of in-depth research in many
studies”™). The application of mixed reality in
education has produced a learning environment
called mrle (mixed reality learning environment)
or mixed reality based learning environment®’,
One of the mrle applications that have the greatest
impact on learning is the use of mobile devices in
the field of science. By designing a hybrid Reality
Laboratory, users are allowed to focus on
laboratory testing, add graphics, modify Carlos and
conduct experiments'®"). It is also used in the field
of astronomy to teach knowledge about outer
spacel®.

Students’ motivation is an important factor in
academic achievement!®®!. The use of RV and RM
has a greater impact on students’ motivation than
traditional methods, which plays an important role
in improving academic performance!®”!. The use
of magnetic resonance imaging in educational
parctice can improve students’ academic
performance, especially those with low spatial
ability!*.

Advantages and disadvantages of mixed
reality

The advantages of RM are related to its
various methodological applications, because it
combines the possibilities of VR and AR in one
method, to design and develop learning experience
and make students’ learning relevant, interesting
and important. One approach emphasized by RM is
serious play, which is a digital game designed to
entertain and achieve at least one educational goal
by promoting problem-solving!®’’. In this regard,
RM based serious games help students solve an
important problem in a cooperative way, while
taking advantage of the possibilities provided by
these two realities!®®). The disadvantages brought
by the application of RM in education are related to
the lack of interdisciplinary cooperation between
the technical research of stents (such as smart
glasses) used in RM and the application of
pedagogy in educational practice. Only by
consolidating and accepting the development of

different disciplines such as technology and
education through interdisciplinary cooperation
can meaningful RM-based experience is created.
Therefore, separate discipline development may
make one-way assumptions about the use of
technology'®”’
understanding of these new technologies have
promoted interdisciplinary approaches with great
potential, making various methods and
applications possible!’"".

. In this regard, advances in the

The literature review shows that there is a lack
of research on the use of AR and RV for education
due to the following three factors. First, these
technologies are obtained through smart phones,
and their use in teaching has not been consolidated
There is a lack of content on the use of these
technologies in educational institutions. The digital
divide between countries and schools'’". RM’s
experience in Metaverse will require 0ARI
inteARction with virtual objects and obtain
feedback or feedback. Therefore, voice
inteARction is the main challenge in the
development of RM to educational Metaverse!’.
To this end, it is necessary to improve the
development of glasses used in RM, which use
static and preset voice commands'™, and include
other retractable glasses to adapt to user feedback.

3.4. Concept and contributions of the
Metaverse to education

Mark Zuckerberg announced in October 2021
that Metaverse would appear in five to ten years,
denying that it was another digital reality for
people to work, play and socialize!”*. Since then,
comments on the potential impact of Metaverse on
society and its impact on e-learning have emerged
one after another, emphasizing the importance and
importance of this theme. In order to understand
the challenges faced by Metaverse in the future
digital scene, we start with concepts and
experiences close to this new reality published in
scientific journals. The concept mentioned in
Metaverse is “mirror world” or “spatial Internet”,
so it can be understood as “virtual enhanced
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physical reality”!”!,

Metaverse is an abbreviation, which is
composed of the prefix “meta” (transcendence)
and the contraction of the term “verse”. It is an
collaborative

immersive, interactive  and

three-dimensional virtual world”®. It is a new
dimension on the Internet and has a significant
impact on future education It is the American
who first used the

word to refer to the new version of the Internet in

novelist Neal Stephenson'’”

his novel avalanche. This allows different
members of the team to work together in virtual
space through avatars, which interact face-to-face
and create three-dimensional objects representing
ideas, values or feelings'”™

Metaverse brings together a series of features
that go beyond broad reality!”**"):

It is lasting. It does not restart or pause, but
continues independently.

It contributes to the initiative of users, who
control, make decisions and predict possible
events.

It is synchronous and real-time.

There is no limit to the concurrency of users
in the activity.

It provides an experience that covers the
relationship between the digital world and the real
world, private and public networks.

It provides interoperability between data and
digital elements. For example, virtual objects of
video games can be given to friends through
Facebook.

One of Metaverse’s educational potential is to
establish museums, hold special exhibitions and
provide experiential content for tourists’®'\. Others
are related to the design of learning experience
based on Metaverse, which requires the creation of
an avatar, another self of a user, which can interact
with other avatars in the virtual world®*. Horizon

report 2021 emphasizes the use of avatar practice
language in virtual environment. Avatar is
connected to a chat robot that provides answers to
alum nado’s questions™™
assessed people’s social perception by creating two
avatars, one with the same facial appearance as the
user and the other with the same gesture expression.
The results showed that participants did not agree
with the appearance of their avatars, but
recognized themselves in avatars that made the
same gestures as them. Therefore, this behavioral

realism plays an important role in designing and
[84]

1. A groundbreaking study

realizing the embodiment of Metaverse

The challenge of Metaverse in Education

In 2013, dionio et al. Emphasized that the
transition from virtual world to virtual world is a
powerful challenge, but dionio et al™®!. Realism
(make users feel they are immersed in another
dimension). Universality (establish access to the
system through digital devices and maintain the
virtual identity of wusers in the system).
Interoperability (allowing the creation and
movement of 3D objects outside the system).
Scalability (allowing many users to connect two
systems at the same time). From a practical point
of view, the experience of approaching Metaverse
for the first time focuses on the written and oral
understanding of language!™

Metaverse  offers many  educational
possibilities related to acquiring cultural
knowledge'®”). In this sense, a key concept in the
development of Metaverse is culture, which
reflects the background and experience of people

[88]

as part of this dimension"", including two related

concepts: who we are and how we live®™.
Castells®” “RMA” requires the establishment of a
culture in a knowledge society, starting with the
formulation of certain rules. The author points out
that this culture is a part of a real virtual system, in
which the same reality (human existence) is
submerged in a virtual image scene, in which the
image not only appears on the screen of
exchanging experience, but also becomes

experience. In this regard, it is necessary to
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establish a culture or a set of basic norms and
values in order to communicate, work and exist in
the meta universe. In this alternative reality, the
boundary between physics and virtual is still
blurred and needs to be accurately defined in order
to maintain the identity of users. In this regard,
Smithson" proposed the necessity of developing
the ethical norms of Metaverse culture, which has
five aspects:

Metaverse based transparency of knowledge
and views between consumers and product creators
helps to improve its functionality.

Values scale conducive to coexistence and
relationship between users.

The principle of inclusiveness is essential.
Metaverse should be accessible and easy for
everyone to use.

The avatar (or another self) is a real person, so
bullying and cheating attitudes will be punished
and users in this space will be temporarily deleted.

Ethics is the cornerstone, which translates
into designing courses and learning experiences to
ensure consumer consistency.

4. Conclusions

The epidemic caused by Covid-19 leads to the
transfer of teaching to digital platform, which
marks an entry point for the implementation of
emerging technologies in future education. In
future education, external reality and meta
universe are prominent because of their relevance,
interest and impact on the teaching process.
Therefore, the main purpose of this study is to
understand and evaluate the scientific contribution
of extended reality (virtual reality, augmented
reality and hybrid reality) to the field of education
and the challenges of metauniverse to future
education.

About the concept of three types of reality that
constitute extended reality, VR combines visual
and sound effects to make users believe that they

exist in the environment of reality. The basic goal
of this reality is to solve the problem of immersing
in the virtual field without giving up the existence
or subjective reaction of users. These two concepts,
immersion and existence, guide the further
research of augmented reality, which provides the
possibility of physical interaction with virtual
objects in the real world. Smart phones and tablets
have promoted the development of AR. In order to
increase the sense of immersion and existence,
hybrid reality came into being. It integrates virtual
and real elements through a continuous reality, and
provides an important background for the
development of the meta universe. The meta
universe is a three-dimensional virtual world,
which needs to create an avatar to interact with
other avatars in the virtual world.

Regarding the application in the field of
education, VR focuses on designing laboratories in
the field of stem to carry out experimental
simulation without risk. The application of AR has
been extended to the fields of mathematics,
concept interpretation and geography to explore
the geographical environment through geogra
phical location. The implementation of hybrid
reality means improving laboratory testing in the
field of science by modifying and adding graphics
and teaching the concept of outer space in the field
of astronomy. It also marks significant progress in
developing new methodological proposals, such as
serious games.

About the advantages and disadvantages of
augmented reality, virtual reality provides a greater
sense of immersion and presence than traditional
methods, but the equipment cost required to
develop high-quality experience in educational
institutions is very high. Although it is not
necessary for teachers to apply practical education
to stimulate students’ learning motivation. On the
other hand, mixed reality promotes the
development of various methodological strategies.
Although the development of technology and
pedagogy is carried out through parallel channels,
there is no interdisciplinary cooperation to improve
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the understanding of the educational possibility of
RM in education.

Fourth, the main challenges faced by
education in developing a wide ARnge of

educational realities!**¥

The significant investments made by centers
to implement RV and AR enable them to create

new learning experiences in digital laboratories.

Personalized training takes students as the
starting point and organizes learning rhythm and
teaching methods according to the needs of each
student.

Combining positive methodologies with
emerging  technologies means  developing
methodologies, such as reverse classes, where
students prepare a syllabus before class and devote
classroom time to implementing them.

The search for meaningful learning sees
emerging technologies not only as a tool in
themselves, but also as a tool for teachers and
students to improve the teaching process.

These challenges have affected the
development of Metaverse, which is known as a
revolution in new technology, communication and
education. In this new reality, we need to design an
avatar to represent users and inteARct with other
avatars in order to communicate, work and
collaborate, which opens many possibilities for
e-learning beyond time and geographical barriers.
In the future research, three aspects are very
important:

The development of Metaverse may blur the
boundary between the real world and the virtual
world, which indicates the need to design and
develop an ethics code as a guide to safe
development. This is not to say that this
“alternative” reality replaces the reality itself, but
is regarded as a new and improving reality, which
opens new possibilities for the teaching process.

This code of ethics contributes to the

development of culture, which includes design and
implementation norms, which are meaningful in
Metaverse and consolidated through experience.
The two fundamental aspects of this code of ethics
are the principle of inclusiveness and values
conducive to the development of user relations.

Protect user identity. The creation of an avatar
involves another self, which brings together a
series of physical and or personality characteristics
that make us individuals in the meta universe and
distinguish us from other avatars. This situation
requires ensuring the consistency of personal data.

To sum up, it can be said that in e-learning, the
transformation from external reality to Metaverse
needs a different method, and immersion and
presence are a means to improve the teaching
process. In Metaverse, they themselves represent a
virtual reality. Interdisciplinary cooperation needs
to be strengthened between the fields of
educational technology and research, so that the
introduction of Metaverse into e-learning will lead
to better teaching.

Conflict of interest

The author declares no conflict of interest.

References

1. Cabero J. La formacion virtual en el nuevo
entramado 2.0: El e-learning 2.0 (Spanish) [ Virtual
training in the new framework 2.0: E-learning 2.0].
In: Aguaded JI, Cabero J (editors). Tecnologias y
medios para la educacion en la e-sociedad. Madrid:
Alianza; 2013. p. 23-52.

2. Cabello J, Barroso J, Lorent MC. Educational
Technology: History, concept and conceptual basis.
In: Cabero J, Barroso J (editors). Nuevos retos en
tecnologia educativa. Spain: Synthesis; 2015. p.
19-39.

3. Moreira MA. Integration and teaching use of ICT
in educational institutions. Case studies. Journal of
Education 2010; (352): 77-97.

4. Fernandez Cruz FJ, Fernandez Dias MJ,
Rodriguez Mantila JM. The integration process
and pedagogical use of ICT in Madrid schools.
Education XX1 2018; 21(2): 395-416.

5. Adell SJ. Tendencias en educacion en la sociedad
de las tecnologias de la informaciéon (Spanish)



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Ortega-Rodriguez

[Trends in education in the information technology
society]. EDUTEC. Revista Electronica de
Tecnologia Educativa 1997; (7): a007.

Area M. Escuela digital: Los materiales didacticos
en la Red (Spanish) [Digital school: Teaching
materials on the web]. Barcelona: Editorial Grad;
2020. p. 249.

Area M, Adell J. Tecnologias digitales y cambio
educativo. Una aproximacion critica (Spanish)
[Digital technologies and educational change. A
critical approach]. REICE. Revista Iberoamericana
sobre Calidad, Eficacia y Cambio en Educacion
2021; 19(4): 83-96.

Bolton CA, Kent C, Williams H. Virtual learning
environment participation and learning results of
“brick and concrete” University. Computers and
Education 2018; (126): 129-142.
Munoz-Cristobal JA, Gallego-Lema V,
Arribas-Cubero HF, et al. Using virtual learning
environments in bricolage mode for orchestrating
learning situations across physical and virtual
spaces. Computer & Education 2017; 109: 233—
252.

Schroeder R. Possible worlds: The social dynamic
of virtual reality technologies. Boulder: Westview
Press; 1996.

Yuen SC, Yuen PK. Mobile learning. In: Tomei LA
(editor). Encyclopedia of information technology
curriculum integration. Hong Kong: Idea Group;
2008. p. 95-99.

Cheon J, Lee S, Crooks SM, et al. An investigation
of mobile learning readiness in higher education
based on theory of planned behavior. Computer &
Education 2012; 59(3): 1054—-1064.

Briz-Ponce L, Pereira A, Carvalho L, et al.
Learning with mobile technologies—Students’

behavior. Computers in Human Behavior 2017; 72:

612-620.

Crompton H, Burke D. Application of mobile
learning in Higher Education: Systematic review.
Computers in Human Behavior 2018; 123: 53-64.
Rogers S. Virtual reality: The learning aid of the
21st century. New Jersey: Forbes; 2019.

Arici F, Yildirim P, Caliklar S, et al. Research
trends in the use of augmented reality in science
education: Content and bibliometric analysis.
Computer & Education 2019; 142(103647): 1-44.
Zhan T, Yin K, Xiong J, et al. Augmented reality
and virtual reality displays: Perspectives and
challenges. IScience 2020; 23(8): 1-13.

Coltekin A, Griffin AL, Slingsby A, et al
Geospatial information visualization and extended
reality display. Digital earth Handbook. Germany:
Springer; 2020. p. 229-277.

Dall’Acqua L, Gironacci IM. Political
decision-making and security intelligence: Recent
technology and technological developments.
Pennsylvania: IGI global; 2019.

Gandolfi E, Kosko KW, Fedig RE. Situating

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

presence within extended reality for teacher
training: Validation of the extended Reality
Presence Scale (XRPS) in preservice teacher use
of immersive 360 video. British Journal of
Educational Technology 2020; 52(2): 824-841.
Meirieu P. El futuro de la pedagogia (Spanish)
[The future of pedagogy]. Teoria de la Educacion:
Revista Interuniversitaria 2022; 34 (1): 69-81.
Bisquerra R. Metodologia de la investigacion
educative (Spanish) [Methodology of educational
research]. Madrid: La Muralla; 2009.

McMillan J, Schumacher S. Investigacion
educativa: Una introduccidn conceptual (Spanish)
[Educational research: An introduction to
concepts]. Madrid: Pearson Addison Wesley;
2008.

Gomez-Garcia M, Palomo R, Guillén FD, et al.
Aprendizaje con moviles. Realidad virtual,
aumentada y mixta (Spanish) [Mobile learning.
Virtual, augmented and blended reality]. In:
Sanchez E, Colomo E, Ruiz J (editors).
Tecnologias de la Informacion y la Comunicacion
en Contextos Educativos. Spanish: Sintesis; 2020.
p- 141-152.

Ott M, Freina L (editors). A literature review on
immersive virtual reality in education: State of the
art and perspectives. E-learning and Software for
Education Conference; 2009 Sept 4-Oct 4;
Bucharest Romania. Bucharest: Carol 1 National
Defence University Publishing House; 2015.
Slater M. A note on presence terminology.
Presence Connect 2003; 3(3): 1-5.

Potkonjak V, Gardner M, Callaghan V, et al.
Virtual laboratories for education in science,
technology, and engineering. Computer &
Education 2016; 95: 309-327.

Radianti J, Majchrzak TA, Fromm J, et al. A
systematic review of immersive virtual reality
applications for higher education: Design elements,
lessons learned, and research agenda. Computer
and Education 2020; 147: 1-33.

Jensen L, Konradsen F. A review of the use of
virtual reality head-mounted displays in education
and training. Education and Information
Technology 2017; 23 (4): 1515-1529.

Krokos E, Placiant C, Varshney A. Virtual memory
palaces: Immersion aids recall. Virtual Reality
2019; (23): 1-15.

Makransky G, Terkildsen TS, Mayer RE. Adding
immersive virtual reality to a science lab
simulation causes more presence but less learning.
Learning and Instruction 2017; 60: 225-236.
Duncan I, Miller A, Jiang S. A taxonomy of virtual
worlds usage in education. British Journal of
Educational Technology 2012; 43(6): 949-964.
Cordell TP, Mizel DW (editors). Augmented
reality: The application of head up display
technology in manual manufacturing process.
Proceedings of the 25th Hawaii International



From broad reality to the Metaverse: Critical reflection on the contribution of education

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Conference on Systems Science; 1992 Jan 8-10;
Hawaii. Honolulu: University of Hawai‘i; 1992. p.
659-6609.

Lee K. Augmented reality in education and
training. TechTrends 2012; 56(2): 13-21.

Azuma R. A survey of augmented reality. Presence:

Teleoperators and Virtual Environments 1997,
6(4), 355-385.

Goémez GM, Palomo R. Realidad aumentada y
recursos moviles (Spanish) [Augmented reality
and mobile resources]. In: Garcia J, Garcia M
(editors). Tecnologias de la comunicacion y la
informacion plicadas a la educacion. Madrid:
Editorial Sintesis; 2016. p. 131-149.

Garzon J, Pavon J, Baldiris S. Systematic review
and meta-analysis of augmented reality in
educational settings. Virtual Reality 2019; 23(1):
447-459.

Ibafiez MB, Delgado-Kloos C. Augmented reality
for STEM learning: A systematic review.
Computer & Education 2018; 123: 109—-123.
Boaler J, Chen L, Williams C, et al. Seeing as
understanding: The importance of visual
mathematics for our brain and learning. Journal of
Applied and Computational Mathematics 2016;
5(5): 1-6.

Sollerval H. Collaborative mathematical inquiry
with augmented reality. Research and Practice of
Technology Intensive Learning 2012; 7(3): 153—
173.

Demitriadou E, Stavroulia KE, Lanitis A.
Comparative evaluation of virtual and augmented
reality for teaching mathematics in primary
education. Education and Information
Technologies 2020; 25(1): 381-401.

Barzulo F. Recursos moviles y realidad aumentada
(Spanish) [Mobile resources and augmented
reality]. In: Cacheiro ML, Sanchez C, Gonzalez
JM (editors). Recursos tecnologicos en contextos
educativos. Madrid: Universidad Nacional de
Educacion a Distancia; 2015. p. 399—432.
Arango-Lopez J, Ceron CC, Collazos CA, et al.
Creando: Tool for creating pervasive games to
increase the learning motivation in higher
education students. Telematics and Informatics
2019; (38): 62-73.

Fombona J, Vazquez-Cano E. Possibilities of
using geolocation and augmented reality in
education. Education XX1 2017; 20(2): 319-342.
Suh A, Prophet J. The state of immersive
technology research: A literature analysis.
Computers in Human Behavior 2018; 86: 77-90.
Garzon J, Acevedo J. Meta-analysis of the impact
of Augmented Reality on students’ learning gains.
Educational Research Review 2019; 27(1): 244—
260.

Pellas N, Fotaris P, Kazanidis I, et al. Augmenting
the learning experience in primary and secondary
school education: A systematic review of recent

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

trends in augmented reality game-based learning.
Virtual Reality 2018; 23(4): 329-346.

Akgayir M, Akgayir G. Advantages and challenges
associated with augmented reality for education: A
systematic review of the literature. Educational
Research Review 2017; 20(1): 1-11.

Milgram P, Kishino A. Taxonomy of mixed reality
visual displays. IEICE  Transactions on
Information and Systems 1994; 12(12): 1321-
1329.

Pellas N, Kazanidis I, Palaigeorgiou G. A
systematic literature review of mixed reality
environments in K-12 education. Education and
Information Technology 2019; 25: 2481-2520.
Yusoff RCM, Ibrahim R, Zaman HB, et al.
Evaluation of user acceptance of mixed reality
technology. Australasian Journal of Educational
Technology 2011; 27(8): 1369—-1387.

Tamura H, Yamamoto H, Katayama A. Mixed
reality: Future dreams appear on the boundary
between the real world and the virtual world.
Computer Graphics and Applications 2001; 21(6):
64-70.

Ponto K, Kuester F, Nidefer R, et al. Virtual
bounds: A teleoperated mixed reality. Virtual
Reality 2006; 10(1): 41-47.

Lindgren R, Johnson-Glenberg M. Emboldened by
embodiment: Six precepts for research on
embodied learning and mixed reality. Educational
Researcher 2013; 42(8): 445-452.

Ke F, Lee S, Xu X. Teaching and training in a
mixed reality comprehensive learning
environment. Computers in Human Behavior 2016;
62: 212-220.

Tang YM, Au KM, Lau HC, et al. Evaluating the
effectiveness of learning design with mixed reality
(MR) in higher education. Virtual Reality 2020;
24(4): 797-807.

Kurilovas E. Evaluation of quality and
personalization of VR/AR/MR learning systems.
Behavior and Information Technology 2016;
35(11): 998-1007.

Johnson Glenberg MC, Birchfield DA, Tolentino L,
et al. Collaborative embodied learning in mixed
reality motion capture environments: Two science
studies. Journal of Educational Psychology 2014;
106 (1): 86-104.

Tscoll M, Lindgren R. Learning dialogue design:
How parents support their children’s science
learning in immersive simulation. Science
Education 2016; 10(5): 877-902.

Chang C, Lee J, Wang C, et al. Improving the
authentic learning experience by integrating robots
into the mixed reality environment. Computer and
Education 2020; 55 (4): 1572-1578.

Frank JA, Kapila V. Mixed reality learning
environment: Integrate the mobile interface with
the laboratory test bed. Computer & Education
2017; 110(4): 88-104.



62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Ortega-Rodriguez

Lindgren R, Tscholl M, Wang S, et al. Enhancing
learning and engagement through embodied
interaction within a mixed reality simulation.
Computer and Education 2016; 95(1): 174—187.
Trawler V. Student engagement literature review.
Creative Education 2010; 11(2): 1-15.

Allcoat D, Hatchard T, Azmat F, et al. Education in
the digital age: Learning experience in virtual and
mixed realities. Journal of Educational Computing
Research 2021; 59(5): 795-816.

Leonard SN, Fitzgerald RN. Holographic learning:
A mixed reality experiment on micro soft hololens
in a middle school in Australia. Research in
Learning Technology 2018; 26: 1-12.

Weng C, Rathinasabapathi A, Weng A, et al.
Mixed reality of science education as learning
support: A revived science book. Journal of
Educational Computing Research 2018; 57(3):
777-807.

Dorner R, Gobel S, Effelsberg W, et al. Serious
game. Foundation, concept and practice. In:
Duncan I, Miller A, Jiang S (editors). A taxonomy
of virtual worlds usage in education. Berlin:
Springer; 2016.

Lee H, Parsons D, Kwon G, et al. Cooperation
begins: Encouraging critical thinking skills
through cooperative reciprocity using a mobile
learning game. Computer and Education 2016; 97:
97-115.

Coltekin A, Lochhead I, Madden M, et al.
Extended Reality in spatial sciences: A review of
research challenges and future directions. ISPRS
International Journal of Geo-Information 2020;
9(7): 1-29.

Prendes MP, Cerdan F. Tecnologias avanzadas
para afrontar el reto de la innovacidén (Spanish)
[Advanced technologies to meet the challenge of
educational innovation]. RIED-Revista
Iberoamericana de Educacién a Distancia 2021;
24(1): 35-53.

Maas MJ, Hughes JM. Virtual, augmented and
mixed reality in K-12 education: A literature
review. Technology, Pedagogy and Education
2020; 29 (2): 231-249.

Siyaev A, Jo GS. Towards aircraft maintenance
metaverse using speech interactions with virtual
objects in Mixed Reality. SensorS 2021; 21 (6): 1-
21.

Eschen H, Kétter T, Rodeck R, et al. Augmented
virtual reality for inspection and maintenance
processes in the aviation industry. Procedia
Manufacturing 2018; 19: 156-163.

Gonzalo M. Metaverso, /para cuando? O como
reconocerlo cuando llegue (Spanish) [Metaverse,
for when? Or how to recognize it when it arrives]
[Internet]. Madrid: Newtral; 2021. Available from:
https://bit.ly/3Gesijl.

Ribeiro R. Metaverse and the educational potential:

Is it so far away? [Internet]. Cambridge:

76.

71.

78.

79.

80.

81.

82.

83.

&4.

85.

86.

7.

88.

89.

Cambridge University Press & Assessment; 2021.
Available from: https://bit.ly/34PDBRO.
Rodriguez P. Metaverso: Hay otros mundos, pero
estan en éste (Spanish) [Metaverse: There are other
worlds, but they are in this one]. Fundacion
Telefonica, 2021. Available from:
https://bit.ly/3qEHv Ve.

Stephenson N. Snow Crash. United States: Bantam
Books; 1992.

Davis A, Khazanchi D, Murphy J, et al. Avatars,
people, and virtual worlds: Foundations for
research in metaverses. Journal of the Association
for Information Systems 2009; 10(2): 90—116.
Ball M. The Metaverse: What it is, where to find it,
and who will build it [Internet]. [updated 2020 Jan
13]. Available from: https://bit.ly/34U1SWS5.
Martin-Ramallal P, Merchan-Murillo A. Realidad
virtual. Metaversos como herramientapara la
teleformacion ~ (Spanish)  [Virtual  reality.
Metaverses as a tool for e-learning]. In: Casas
Moreno P, Paramio Pérez G, Gémez Pablos VB
(editors). Realidades educativas en la esfera digital:
Sistemas, modelos y paradigmas de aprendizaje.
Seville: Egregius Ediciones; 2019. p. 15-38.

Choi H, Kim S. A content service deployment plan
for metaverse museum exhibitions-Centering on
the combination of beacons and HMDs.
International Journal of Information Management
2017; 37(1): 1519-1527.

Bailenson JN, Yee N. Digital chameleon:
Automatically assimilate nonverbal gestures in an
immersive virtual environment. Psychological
Science 2005; 16(10): 814-819.

Pelletier K, Brown M, Brooks C, et al. Educause
Horizon Report. Teaching and Learning Edition.
Boulder: Educause; 2021.

Park S, Kim SP, Whang M. Individual’s social
perception of virtual avatars embodied with their
habitual facial expressions and facial appearance.
Sensors 2021; 21(5986): 1-18.

Dionisio JD, Burns WG, Gilbert R. 3D virtual
world and metaverse: Current status and future
possibilities. AMC Calculation Surveys 2013;
45(3): 1-38.

Garrido Nigo P, Rodriguez Moreno F. The reality
of virtual worlds: Pros and cons of their
application to foreign language teaching.
Interactive Learning Environment 2013; 23(4): 1—
18.

Zheng RZ. Cognitive and affective perspectives on
immersive technology in education. Hershey: 1GI
Global; 2020.

Han HC. Teach visual learning through virtual
world experience: Why do we need a virtual world
of art education? Art Education 2015; 68(6): 22—
217.

Wang J. Handshakes in cyberspace: Bringing the
cultural differences through effective intercultural
communication and collaboration. National



From broad reality to the Metaverse: Critical reflection on the contribution of education

90.

91.

92.

Convention of the Association for Educational
Communications and Technology 2001; 513-519.
Castells M. La era de la informacion: Economia,
sociedad y cultura (Spanish) [The information age:
Economy, society and culture]. Mexico: Siglo XXI
Editores; 2005.

Smithson A. The metaverse manifesto [Internet].
2021. Available from: https://bit.ly/3tdHfyu.
Fernandez JA. Cinco asignaturas que debe aprobar
la universidad que viene (Spanish) [Five subjects
to pass in the next university]. El Pais, 2021 Nov

93.

94.

19. Available from: https://bit.ly/3Kli1En.
Lopez-Ruperez F. El curriculo y la educacion en el
siglo XXI. La preparacion del futuro y el enfoque
por competencias (Spanish) [Curriculum and
education in the 21st century: Preparing the future
and the competency-based approach]. Nalerigu:
Nasia; 2020.

NEPT. Reimagining the role of technology in
education [Internet]. U.S. Department of Edu-
cation; 2017. Available from: https://tech.ed.gov.



