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Abstract. The innovation of intelligent tools and virtual worlds is progressing
rapidly in the face of the rapid advancement of technology and digital revolu-
tions. Virtual Reality (VR) and Augmented Reality (AR) are prime examples of
such innovations. They have the potential to greatly improve and enhance various
areas, particularly in educational settings. Since the 1960s, these technologies
have undergone periodic development and renewals, from hardware to software.
This paper aims to review the historical evolution of VR and AR, including recent
advances, and their current applications in education, particularly in mathematics
education. The paper will also address the challenges these technologies face in
an educational context. This article reviews 30 papers published between 2015
and 2023 from three databases (ACM Digital Library, Scopus, and Web of Sci-
ence), selected using the PRISMA method, to answer the following research
questions: How have VR and AR evolved? What are the educational uses and
applications of VR and AR? What are the challenges that could be addressed?
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1 Introduction

Virtual and Augmented realities are becoming increasingly important in improving
various fields, particularly education and scientific research, and their emergence has
attracted the attention and interest of researchers, developers, investors, and many oth-
ers users [3,2]. The development of AR and VR technologies has been rapid for several
years, and today there are several innovative and accessible applications based on them.
[1,2,3]. Therefore, studying the current trend and predicting the future deployment of
augmented and virtual realities in several areas and educational contexts, it is can be
realized by reviewing the last research concerning the evolution and uses of [9,1,3,37].

In educational contexts, there are many reasons for the integration of AR and VR to
improve the teaching process in general, and in the learning of specific subjects and
concepts that are incomprehensible using the classical approaches and methods [37,4].
These include concepts based on spatial abilities, the imagination aspect, the visualiza-
tion of natural objects (in biology, geography, geology, etc.), microscopy abilities, in-
teraction and communication capacities, and artistic skills [32,33,34,17,28]. These in-
novative approaches offer the potential to provide a new experience for learning and
teaching different subjects and fields. Augmented reality and virtual reality aim to en-
rich the real environment with virtual elements or create a total virtual immersion in a
new environment [9,11,3,29,37]. Consequently, these technologies are developing and
creating the new generation of modern education, which is suitable for learners of all
ages and abilities who are acquiring new skills [5, 29,14].

The term of virtual reality has been variously defined throughout history since its
initial appearance. One such definition, proposed in 2003, defines VR as a medium
created through the use of interactive computer simulations that are able to perceive the
actions and positions of users and subsequently transform those reactions into alterna-
tive sensory experiences [18,23,19, 37,6]. However, the definition of virtual reality has
transformed and change over recent years, with the concept of users being immersed in
an interactive three-dimensional environment instantaneously becoming increasingly
prevalent. [25, 22, 14]. In contrast to virtual reality, which has been in existence for a
longer period, augmented reality represents a relatively novel technology. It can be de-
fined as a method of superimposing virtual objects in real-time on the user's surround-
ing environment, thus enhancing their experience [15,34]. Moreover, numerous other
definitions have been generated to describe the concept of AR over the years, from its
initial appearance to the present day. These definitions typically encompass the use of
images, cameras, real environments and virtual objects placed at specific points, intend-
ing to create interactions between the various elements and users [17,4,37]. Two of
these technologies, VR and AR, provide innovative experiences in several fields, espe-
cially in the education domain for many subjects, and for this reason, we are conducted
to realize this review paper.

The principal objective of this paper is to identify and scope publications that address
the use of augmented and virtual realities in an educational context. In order to achieve
this, the following questions will be addressed:
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How have the AR and VR technologies developed since their appearance?
Are there any educational applications based on AR and VR?

What are the benefits?

Can they face challenges and limitations?

2 Literature review

In the contemporary era, modern culture, education, and mentality necessitate the
implementation of novel tasks and resources that can streamline the modern lifestyle
and facilitate rapid access to information through the utilization of sophisticated tech-
nologies and devices, such as the Metaverse, VR, and AR tools. Moreover, they are
crucial for enabling individuals to engage in simulation learning experiences
[25,3,12,37,36].

The Metaverse is defined as a physical environment that allows users to perceive a
virtual space in conjunction with the real one, through the use of physical devices and
accessories such as sensors, glasses, headsets, and others. These devices and accesso-
ries are based on object design, graphics, and other types of software [2,3,36,37]. To
attract users to access the virtual and Metaverse worlds, considerable efforts have been
made by numerous individuals, including researchers, designers, and others, since the
Metaverse's initial emergence [3,5,19]. Furthermore, the Metaverse enables individuals
to communicate through avatars in a virtualized global environment, utilizing a range
of virtual tools, including AR, VR, XR, Al, and others [2,25]. In essence, the Metaverse
may be conceived of as a global network comprising virtual tools, spaces, and devices,
in addition to augmented realities, virtual realities, Al tools, and mobiles. This enables
the creation of immersive experiences [2,5,37,25].

Virtual reality (VR) has been employed in research domains for over a quarter of a
century. The origins of this technology can be traced back to the field of computer
graphics, but it has since been extended to other disciplines [27,30]. The term "virtual
reality" has previously been defined as a three-dimensional computer-generated envi-
ronment that is integrated with a range of display and interface devices, to engage and
immerse users in interactive virtual spaces. [9,10, 11]. However, Chang & Shao posit
that the primary objective of VR systems is not merely to provide an immersive expe-
rience through technology, but rather to enhance and enrich the cognitive, experiential,
and interactive capabilities of individuals [11,10].

In the mid-1960s, VR was first described by Ivan Sutherland as a window through
which users could view a virtual world that would appear realistic, with the ability to
interact with it realistically. Furthermore, the concept of virtual reality was outlined in
1992 as a tangible, three-dimensional digital realm that affords users the opportunity to
become immersed in a virtual environment through the utilization of real-time, graph-
ical interactive techniques [20,21,37,15]. In 1993, another definition of VR was pro-
posed, which relies on a 3D stereoscopic headset that enables users to move their bod-
ies, hands, and heads, and use their senses to create an immersive experience [3,20, 22]



The Virtual and Augmented Realities Technologies in the Educational context 595

addition to that, the next years until today, all the evolution of the virtual reality tech-
nologies are presented VR as immersive technology based on three common features:
interaction, immersion with its several degrees, and perception in a space [24,16].

However, augmented reality (AR) offers a novel and exceptional experience to hu-
mans by superposing virtual 3D or 2D objects and models on the real space, thereby
enriching the environment and creating a positive, removable experience that augments
the motivation, imagination and progress of several human abilities. [13,14,27]. Con-
sequently, augmented reality is defined as the integration of diverse types of infor-
mation into the tangible world through sophisticated hardware and devices that possess
the capability to scan, detect, and process a range of inputs, including visual images,
positions, and markers [8, 37,7]. In contrast, augmented reality experiences diverge
from those of virtual reality. They are perceived as more realistic and capable of engen-
dering a high degree of realism and a sense of presence [33]. These qualities are indic-
ative of the superior quality of AR experiences in comparison to those of VR [24, 27].
Furthermore, AR has the potential to be integrated with VR, resulting in the emergence
of mixed reality, which offers novel and innovative experiences and tools [33, 36, 25,
18].

2.1  Evolution through history:

The chronology of the evolution of VR and AR reveals a series of developments and
changes in hardware and software, spanning from the initial emergence of VR in the
1960s to the advent of AR at the beginning of the 1990s, and continuing to the present,
marked by unparalleled innovation and potential. In 1962, Morton Heilig, an inventor,
created the inaugural 3D example, which he presented in his innovation, the Sensorama
[34, 37]. This enabled the user to experience a journey on a motorcycle through Brook-
lyn, incorporating a range of sensory impressions (olfactory, auditory, haptic stimuli,
and wind). Concurrently, Ivan Sutherland developed the Ultimate Display, a system
that integrated interactive graphics into all the sensory functions employed in the pre-
ceding creation, "Sensorama." Furthermore, in 1965, the first head-mounted display
(HMD) was developed by Philco, which had previously created the Ultimate Display
of Sutherland. This involved the addition of virtual images and the tracking of the user's
head position and orientation. [25,36]. The 70s saw the emergence of numerous inno-
vative creations, with the University of North Carolina pioneering the development of
a force-feedback display system [35,37]. This was followed by the VIDEOPLACE of
Myron Krueger, which offered an immersive artificial reality experience. Unlike pre-
vious attempts, this system did not require the use of goggles or gloves, instead re-
sponding to the user's movements and actions. Additionally, the software facilitated
two- or multi-user interaction in a virtual two-dimensional space. The introduction of
the initial flight simulator, the Visually Coupled Airborne System Simulator (VCASS),
developed by Tom Furness for the United States Air Force in 1982, signified a substan-
tial advancement in the domain of aviation simulation [36]. The VCASS enabled pilots
to control the flight path and targets through the use of an HMD (Head-Mounted Dis-
play) device [36]. Other notable contributions were made by the VPL company, which
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was responsible for the initial devices, including the Data Glove and the Glove Sensor
in 1985, as well as an HMD system for complete immersion in the virtual environment
[15]. Subsequently, in the late 1980s, the Fake Space Labs developed a novel system
based on VR, comprising a stereoscopic-displaying device to facilitate movement in a
virtual space and enable mechanical tracking. This system was designated the BOOM
(Binocular-Omni-Orientational Monitor) [16,20]. Additionally, numerous VR systems
were developed and introduced in the 1990s, with the advent of the CAVE (cave auto-
matic virtual environment) in 1992. This immersive VR system employs direct projec-
tors on three walls of a 3D cave, as designed by the Electronic Visualization Laboratory
of the University of Illinois. In 1995, the appearance of the Virtual Workbench and
Immersidesk marked a significant advance in the field. Finally, in 1999, the first IEEE
VR was invented, and more recently, numerous VR devices have been developed by a
number of videogame companies. The HTC Vive, the Oculus Rift, and other HMD
devices are examples of such devices. [35,10,9]. However, at the beginning of the
1990s, augmented reality (AR) was established. In 1990, Thomas Caudell introduced
the term AR, which was subsequently developed by The Boring Corporation into a
prototype AR system for demonstrating how to set up a writing tool for employers
[5,7,36]. Following this, in 1992, Rosenberg developed the inaugural fully immersive
AR, which was created for the US Air Force. This technology enabled the military to
remotely control virtually guided machines to perform space operational tasks [34, 14].
Additionally, in the year 1993, Rosenberg and Feiner collaborated to develop the
KARMA (Knowledge-based Augmented Reality for Maintenance Assistance), which
was the inaugural augmented reality system to be utilized in conjunction with mainte-
nance tools, employing a see-through head-mounted display to convey maintenance
instructions. [12,34]. In 1997, Feiner created the first outlook AR system, which em-
ployed a head-mounted display (HMD) in conjunction with a global positioning system
(GPS) and orientation tracking [34,9]. Furthermore, over the subsequent years, from
1998 until 2006, numerous innovations were employed in the realms of augmented re-
ality and virtual reality. In 2007, the advent of AR systems with CAD (Computer-Aided
Design) models marked the beginning of a new era [ 35,36,15]. In 2009, the develop-
ment of augmented reality (AR) applications marked the beginning of a new era in
which the physical environment could be enhanced with virtual elements and infor-
mation. This was exemplified by the introduction of AR Toolkit and Site Lens. Follow-
ing this period, between 2013 and 2015, Google Glass and Google HoloLens were de-
veloped by Google, and since then, they have been incorporated into numerous tools
and domains [26,10]. Recently, the inventions of AR, VR, and XR applications, head-
sets, and devices are ongoing with the addition of new functions enabling new and ef-
fective experiences to serve several fields of life [1].
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VR and AR evolution through time

1960 1965 1985 1992

Figure 1. short historical timeline

2.2 Advantages and applications:

The progressive use of technological tools, especially immersive innovations, has
had a revolutionary impact on the way we live our lives. Virtual Reality, Augmented
Reality, Al and all the Metaverses applications and devices are the current subject of
interest, creation and revolution.

From their inception until the present day, AR and VR have been in a state of con-
stant evolution, with the advent of new devices, tools and applications. The range of
virtual reality applications is vast and diverse, with examples including gaming VR
apps, military training, architectural design, decorative design, education, learning and
teaching, surgical simulations, and electricity simulations. [36,25,11]. However, AR
technologies and applications are numerous and based on three essential components:
virtual objects and markers or tracked images, cameras, smartphones, and machines
that are capable of scanning, and the third component is the user. Additionally, there is
the possibility of merging virtual objects in transparent space through the use of glasses,
Google Cardboard, headsets, HoloLens, and all types of HMD devices.
[36,34,25,4,7,19]. Consequently, all VR, AR, and immersive technologies and applica-
tions have many important benefits and they play a very important role in different
fields of life, starting by augmenting persons’ motivation, attracting attention, enhanc-
ing all types of human performances and several abilities such as imagination, spatial
intelligence, reading, comprehending concepts, visualization of real objects virtually,
facilitating a lot of hard works task and skills [13, 25, 2, 33, 34, 11]. Furthermore, in
the field of education, the integration of AR and VR applications is of great importance
in facilitating all processes of teaching, learning, and practicing difficult concepts and
subjects. It is also essential to consider the role of gaming and serious games based on
VR and AR in realizing the education processes [3,4,9,22,26,27].
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The following table presents a comprehensive overview of all types of AR and VR
applications that have been cited and discussed in papers selected in our review process.
This overview is provided following the methodology outlined in the Methods phase:

Table 1. AR &VR applications

Applications Description References
[25, 15,9,
science, technology, engineering, and mathematics: 6, 1,
STEM applications and tools for enhancing all of the STEM 2,3,4,5,7.8,1
subjects 0,18,19,22,2
4,32]
An AR application allows students to practice basic
ARGeo, ARGeo Its geometr.y concepts and .Visualize geometrical forms by [15.25]
scanning markers which are downloaded from the
static website of the company ARGeo
VR for Musical In- . . .
or uswa. " Virtual learning environment based on VR technology
strument Learning . . . [30]
for providing and learning musical instruments

3D Contrast AR applications for STEM fields [2,12,17]
Al applications in For aiding teachers in classrooms, assessing essays

. o [3,25]
K-12 for education and dropout prediction....
VR design activity VR system based on the approach of peer assessment
based on peer as- to enhance student’s motivation and performances  [6, 25]
sessment through the teacher’s edit system module
MAR
Pokerfoar?lésa and The use of games for serious goals, especially in edu- [25, 23,

. ’ cation and STEM domains 4,12]

serious games
Metaverses’ appli- Al, VR & AR tools, IoT, Edge computing, Block- [25. 2]
cations chain, 3D reconstruction ’
IVR Immersive virtual reality application for reading abil- [9.25]

ity and comprehension
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Enhancing classroom management competencies of

Virtual classrooms [23,25,2]
student
F ica-
.eedback app1'1ca.1 Make better interaction between users and machines
tions as 3D printing [25,2, 17]

. and virtual environment
technologies

3 Methodology

The main aim of this work is to review and collect information on the evolution
history, some of the applications, and challenges of AR and VR technologies in educa-
tion, particularly in mathematics education, using the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis (PRISMA 2020) approach for systematic liter-
ature review [3,32].

3.1 Selection of Databases

The databases used in this study were selected for their significant impact on the
fields of education and mathematics education, as well as their adherence to scientific
indexing standards:

1-Scopus

2-Web of Science

3-ACM Digital Library

Table 2. Search String

Databases Search items Results
(“Augmented reality” OR “Virtual Reality”’) AND
Scopus “Education” AND (“Evolution” OR “Challenges” 18

OR “applications” OR “ review”
(“Augmented reality” OR “Virtual Reality”) AND
Web of Science “Education” AND (“Evolution” OR “Challenges” 8
OR “applications” OR “ review”
(“Augmented reality” OR “Virtual Reality”’) AND
ACM Digital Library  “Education” AND (“Evolution” OR “Challenges” 12
OR “applications”)

Table 3. Exclusion and Inclusion Criteria

Exclusion criterion (EC) Inclusion criterion (IC)

EC1: Studies outside of fields of education and IC1: Studies inside of fields of education and
mathematics education mathematics education

EC2: Studies not focusing on VR & AR , evo-  IC2: studies focusing on VR & AR , evolu-
lution & education tion & education
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EC3: Documents types : book reviews, editori- 1C3: Journal articles, reviews, proceeding
als, notes ,& whole book papers, and some chapters

EC4: Non-full text works IC4: full text works

3.2 Search Strategy

The search began on March 22, 2024, and we followed the search strings outlined in
Table 1 to locate relevant works and papers related to our subject.

3.3 Data Collection Process

The selection process was based on four criteria of inclusion and exclusion, which
are presented in Table 2. This was done to precisely choose the publications appropriate
for the review of the main subject and field. Additionally, the selection process was
carried out in three steps following the PRISMA approach: identification, screening,
and inclusion. The PRISMA diagram of the selection process is shown below. This
article included 30 papers, after many refinement steps, using the selected databases
and search terms.

[ Identification of studies via databases and renisters ]
= Records identified from data- Records removed before
:.E bases (n=2010): screening:
bS] Scopus (n =26) *| Duplicate records removed (n=
@ ACM DL (n= 1734) 0)
= Web of science (n=250) Records marked as ineligible by

automation tools (N=1872)
h 4

Records screened - > R d luded™m = 8
= (n =18+12+8 = 38) ecords excluded™*(n = 8)
=
-«
2 !
&

Reports assessed for eligibility

(n =30)
2
= Studies included in review
= (n =30)
=

Fig. 2. Flow diagram of the manuscript selection process of our paper

4 Discussion

The analysis of the literature papers concerned Virtual and Augmented realities, evo-
lution, benefits, and their applications, and according to the data collected through the
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PRISMA approach, has been conducted to highlight specific results and conclusions
that resumed all the important historical times of AR and VR evolutions through years
since the first basic appearance and creation which was at the beginning of 1960s, and
it has been very rich by traversing important quantity of creations, innovations, devel-
opments ... and all of that is characterizing by the higher quality of hardware and soft-
ware until today, which leads to better performing and reaching the main goals. More-
over, AR and VR benefits are unlimited, but generally, they play very interesting roles
in enhancing overall human abilities, bits of intelligence, behaviors, capacities, and
competencies and serving all different human needs of life specifically in education
fields, medicine, military domains, architecture and design, they facilitate numerous
type of hard tasks of life fields. In addition to that, all of its benefits are appearing thanks
to the use and integration of different AR and VR tools, devices, and applications which
are many, different, rich, and serve human needs. It can be argued that AR and VR are
of great importance in the real world and in the future. However, there are limitations
that hinder the use and integration of these technologies. One reason for this is that
many people are unfamiliar with technological tools. Additionally, there is a lack of
devices in some countries and in rural areas. Furthermore, there is a lack of continued
training, in addition to the higher costs and potential health risks associated with the
use of headsets and all HMD types.

5 Conclusion and perspectives

The current work presented the narrative literature review of previous papers and
realizations that have been deployed the augmented and virtual realities and technolo-
gies, through of the PRISMA approach with the collecting and analyzing data from 30
papers published between 2015 and 2023 from three databases (ACM Digital Library,
Scopus, and Web of Science), in order to scope the principals’ historical dates of evo-
lution of VR and AR tools, discus the global of its importance and benefits in all of life’
domains, extract of some interest precede creations and applications, and finally con-
clude some limitations and challenges that are obscuring the use of them.

The results of the study indicated that the VR and AR technologies have undergone
significant historical developments that have shaped their current performance and
functionality. It is evident that these technologies should be integrated into all domains,
as evidenced by the results of extracting VR and AR applications and the analysis of
their benefits. It is also crucial to differentiate between AR and VR. In conclusion, the
results of our paper indicate that the use of VR and AR is of great importance, particu-
larly in the domains of education and medicine. This is due to the advantages they offer
in facilitating numerous challenging tasks and objectives, and in positively affecting
these domains. Nevertheless, we identified numerous challenges that require prompt
resolution.

The future perspective of this paper is to create an original VR and AR application
for educational purposes. This application will engage students’ motivation, perfor-
mances, learning, and teaching. In addition, the perceptions and effects of the use of
augmented and virtual realities will be studied.



602

S. Mouali et al.

References

10.

1.

12.

13.

14.

15.

16.

. Munoz-Saavedra, L., Miro-Amarante, L., & Dominguez-Morales, M.: Augmented and Vir-

tual Reality Evolution and Future Tendency. APPLIED SCIENCES-BASEL, 10(1), 322
(2020).

Al-Ghaili, A. M., Kasim, H., Al-Hada, N. M., Hassan, Z. B., Othman, M., Tharik, J. H.,
Kasmani, R. M., & Shayea, I.: A Review of Metaverse’s Definitions, Architecture, Appli-
cations, Challenges, Issues, Solutions, and Future Trends. IEEE Access, 10, 125835—
125866. Scopus (2022).

Zafari, M., Bazargani, J. S., Sadeghi-Niaraki, A., & Choi, S.-M.: Artificial Intelligence Ap-
plications in K-12 Education: A Systematic Literature Review. IEEE Access, 10, 61905—
61921. Scopus (2022).

Arici, F., Yildirim, P., Caliklar, S., & Yilmaz, R. M.: Research trends in the use of aug-
mented reality in science education: Content and bibliometric mapping analysis. Computers
& Education, 142, 103647 (2019).

Badshah, A., Ghani, A., Daud, A., Jalal, A., Bilal, M., & Crowcroft, J.: Towards Smart Ed-
ucation through Internet of Things: A Survey. ACM Computing Surveys, 56(2), (2023).
Chang, S.-C., Hsu, T.-C., & Jong, M. S.-Y.: Integration of the peer assessment approach
with a virtual reality design system for learning earth science. Computers and Education,
146. Scopus (2020).

Chatzopoulos, D., Bermejo, C., Huang, Z., & Hui, P.: Mobile Augmented Reality Survey:
From Where We Are to Where We Go. IEEE Access, 5, 6917-6950. Scopus (2017).

Chen, Y.-L., & Hsu, C.-C.: Self-regulated mobile game-based English learning in a virtual
reality environment. Computers & Education, 154, 103910 (2020).

Cheng, K.-H.: An epistemic curiosity-evoking model for immersive virtual reality narrative
reading: User experience and the interaction among epistemic curiosity, transportation, and
attitudinal learning. Computers and Education, 201. Scopus (2023).

Cheng, M.-T., Lin, Y.-W., & She, H.-C.: Learning through playing Virtual Age: Exploring
the interactions among student concept learning, gaming performance, in-game behaviors,
and the use of in-game characters. Computers & Education, 86, 18-29 (2015).

Cheong, K. H., Chen, J. S., Kang, K., & Yeo, D. J.: Supporting Students’ Visualization of
Multivariable Calculus Partial Derivatives via Virtual Reality. Mathematics, 11(4), 831
(2023).

Christopoulos, A., Mystakidis, S., Kurczaba, J., Laakso, M.-J., & Stylios, C.: Is Immersion
in 3D Virtual Games Associated with Mathematical Ability Improvement in Game-Based
Learning? International Journal of Science and Mathematics Education (2024).
Demitriadou, E., Stavroulia, K.-E., & Lanitis, A: Comparative evaluation of virtual and aug-
mented reality for teaching mathematics in primary education. Education and Information
Technologies, 25(1), 381-401 (2020).

Feger, S. S., Semmler, L., Schmidt, A., & Kosch, T.: ElectronicsAR: Design and Evaluation
of'a Mobile and Tangible High-Fidelity Augmented Electronics Toolkit. Proceedings of the
ACM on Human-Computer Interaction, 6(ISS), 587:700-587:721 (2022).

Ibanez, M. B., Uriarte Portillo, A., Zatarain Cabada, R., & Barron, M. L.: Impact of aug-
mented reality technology on academic achievement and motivation of students from public
and private Mexican schools. A case study in a middle-school geometry course. Computers
& Education, 145, 103734 (2020).

Innocenti, E. D., Geronazzo, M., Vescovi, D., Nordahl, R., Serafin, S., Ludovico, L. A., &
Avanzini, F.: Mobile virtual reality for musical genre learning in primary education. Com-
puters & Education, 139, 102—-117 (2019).



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

The Virtual and Augmented Realities Technologies in the Educational context 603

Lhachemi, H., Malik, A., & Shorten, R.: Augmented Reality, Cyber-Physical Systems, and
Feedback Control for Additive Manufacturing: A Review. IEEE Access, 7, 50119-50135.
Scopus (2019).

Lyu, Y., An, P., Xiao, Y., Zhang, Z., Zhang, H., Katsuragawa, K., & Zhao, J.: Eggly: De-
signing Mobile Augmented Reality Neurofeedback Training Games for Children with Au-
tism Spectrum Disorder. Proceedings of the ACM on Interactive, Mobile, Wearable and
Ubiquitous Technologies, 7(2), 67:1-67:29 (2023).

Pinheiro, M., Viana, W., & de Gois Ribeiro Darin, T.: Why Should Red and Green Never
Be Seen? Exploring Color Blindness Simulations as Tools to Create Chromatically Acces-
sible Games. Proceedings of the ACM on Human-Computer Interaction, 7(Chi Play),
380:165-380:196 (2023).

Rodriguez, J. L., Romero, 1., & Codina, A.: The Influence of NeoTrie VR’s Immersive Vir-
tual Reality on the Teaching and Learning of Geometry. Mathematics, 9(19), 2411 (2021).
Sarkar, P., & Pillai, J. S.: Approaches for Designing Handheld Augmented Reality Learning
Experiences for Mathematics Classrooms. Proceedings of the ACM on Human-Computer
Interaction, S(CSCW2), 461:1-461:25 (2021).

Seaborn, K., Edey, J., Dolinar, G., Whitfield, M., Gardner, P., Branje, C., & Fels, D. L.:
Accessible Play in Everyday Spaces: Mixed Reality Gaming for Adult Powered Chair Users.
ACM Transactions on Computer-Human Interaction, 23(2), 12:1-12:28 (2016).

Seufert, C., Oberdorfer, S., Roth, A., Grafe, S., Lugrin, J.-L., & Latoschik, M. E.: Classroom
management competency enhancement for student teachers using a fully immersive virtual
classroom. Computers & Education, 179, 104410 (2022).

Shatilov, K. A., Chatzopoulos, D., Lee, L.-H., & Hui, P.: Emerging ExG-based NUI Inputs
in Extended Realities: A Bottom-up Survey. ACM Transactions on Interactive Intelligent
Systems, 11(2), 10:1-10:49 (2021).

Solanes, J. E., Montava-Jorda, S., Golf-Laville, E., Colomer-Romero, V., Gracia, L., &
Munoz, A.: Enhancing STEM Education through Interactive Metaverses: A Case Study and
Methodological Framework. Applied Sciences-Basel, 13(19), 10785 (2023).

Wu, H.-K., Lee, S. W.-Y., Chang, H.-Y., & Liang, J.-C.: Current status, opportunities and
challenges of augmented reality in education. Computers & Education, 62, 41-49 (2013).
Xie, Y., Hong, Y., & Fang, Y.: Virtual Reality Primary School Mathematics Teaching Sys-
tem Based on GIS Data Fusion. Wireless Communications & Mobile Computing, 7766617
(2022).

Yang, F.-Y., & Wang, H.-Y.: Tracking visual attention during learning of complex science
concepts with augmented 3D visualizations. Computers & Education, 193, 104659 (2023).
Yoo, H., Jang, J., Oh, H., & Park, I.: The potentials and trends of holography in education:
A scoping review. Computers & Education, /186, 104533 (2022).

Yu, S., Liu, Q., Johnson-Glenberg, M. C., Han, M., Ma, J., Ba, S., & Wu, L.: Promoting
musical instrument learning in virtual reality environment: Effects of embodiment and visual
cues. Computers & Education, 198, 104764 (2023).

Page, M. J., McKenzie, J. E., Bossuyt, P. M., Boutron, 1., Hoffmann, T. C., Mulrow, C. D.,
Shamseer, L., Tetzlaff, J. M., Akl, E. A., Brennan, S. E., Chou, R., Glanville, J., Grimshaw,
J. M., Hrobjartsson, A., Lalu, M. M., Li, T., Loder, E. W., Mayo-Wilson, E., McDonald, S.,
... Moher, D.: The PRISMA 2020 statement: An updated guideline for reporting systematic
reviews. Journal of Clinical Epidemiology, 134, 178—189 (2021).

Ahmad, N. I. N., & Junaini, S. N.: Augmented Reality for Learning Mathematics: A Sys-
tematic Literature Review. International Journal of Emerging Technologies in Learning
(1JET), 15(16), 106 (2020).



604 S. Mouali et al.

33. Beheshti, J.: Virtual Environments for Children and Teens. Virtual Reality in Psychological,
Medical and Pedagogical Applications. (2012).

34, Gomez-Tone, H. C., Martin-Gutierrez, J., & Valencia-Anci, B. K. : Chapter 2—Augmented
and immersive virtual reality to train spatial skills in STEAM university students. In S.
Bhatia Khan, S. Namasudra, S. Chandna, A. Mashat, & F. Xhafa (Eds.), Innovations in Ar-
tificial Intelligence and Human-Computer Interaction in the Digital Era (pp. 7-30). Aca-
demic Press (2023).

35. Arena, F., Collotta, M., Pau, G., & Termine, F.: An Overview of Augmented Reality. Com-
puters, 11(2), Article 2. (2022).

36. Remolar, 1., Rebollo, C., & Fernandez-Moyano, J. A.: Learning History Using Virtual and
Augmented Reality. Computers, 10(11), Article 11. (2021).

37. Cipresso, P., Giglioli, I. A. C., Raya, M. A., & Riva, G.: The Past, Present, and Future of
Virtual and Augmented Reality Research: A Network and Cluster Analysis of the Literature.
Frontiers in Psychology, 9. (2018).

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	The Virtual and Augmented Realities Technologies in the Educational context: evolution and challenges



