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ABSTRACT Now the world is fully moving towards a digitalized environment in all kinds of disciplines in education,
agriculture, the banking industry, transportation, healthcare, etc., with the most prominent and trending topics. Augmented
Reality (AR) and Virtual Reality (VR) technologies are contemporary tools that are gradually changing learning processes
among plenty of newly arrived technologies. These tools enable educators, including lecturers, teachers, tutors, and
instructors, to address their audiences creatively with ideas that are useful for learning purposes. This research study focuses
on the effectiveness of AR and VR in classroom learning and discusses the tools' effects on access, retention, and
collaborative learning. The study was nourished with thirty scholarly articles for the core review process and supplementary
articles for designing the review process from reputed academic research databases. The research study observed on main
educational aspects of the AR and VR concept, including virtual classrooms, AR labs, corporate training, facilities for
special needs students, collaborative work, etc. Furthermore, the research study discusses cost-related issues, technical
issues, ethical issues, and new directions, which entail combining Artificial Intelligence (AI) and increasing global
availability. Therefore, while highlighting what has not yet been accomplished by AR and VR, this work focuses on the
potential of true transformation of learning and education processes as tools for meaningful, effective, and accessible
education. Finally, this research study obtained knowledge summarization and synthesis on modern AR and VR
technologies in the education sector.
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I. INTRODUCTION * They are not without some shortcomings, which
include higher cost, restricted flexibility, and the need
to build up a set of teacher trainers.

This research paper aims to identify and discuss the current

uses and advantages of AR and VR in learning as well as

Modern technological solutions have brought new
methods, approaches, and directions to provide learning
and teaching engagement that interfere with traditional
approaches [21]. Among them, Augmented Reality (AR)

and Virtual Reality (VR) could be considered the most predict the trends and innovations that are likely to define
their usefulness in learning in the future [1][2] with the

following main research objectives (RO:;s).

ROu: To identify the different positive directions of AR and
VR in education.

ROz2: To examine potential limitations and bottlenecks of
moving AR and VR for the general education sector.

effective, as they amalgamate a real environment with a
virtual one, and support interaction with the objects,
helping diversify traditional teaching approaches with a
blended learning approach. AR superimposes computer-
generated information on top of the real environment while
VR moves users into completely different artificial
environments where the learning is through first-hand II. METHODOLOGY
experience [7] [10].
Overall, these technologies have been proven effective in
the teaching process for various fields of specialization,
including natural and social sciences, engineering, and
humanities, because of the following:
= They compile information into easy-to-comprehend
chunks and are interactive, thus providing feedback to
learners and adopting a collaborative approach.

The following section of the research paper presents the
applied systematic approach to identifying opportunities,
advantages, limitations, and future work related to the use
of AR and VR in education through a thorough review
process. This becomes the development of the research
questions (RQ:is), the strategy for identifying the materials
offered for review and defining the parameters of the study
sample inclusion and exclusions, the method used in
choosing and evaluating the materials, and the
management of the limitations of the study.
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A. Defining Research Questions

The study aims to address the following research questions
based on the above ROl and RO2 to make a keen
alignment during the review process:

RQ1: What are the directions used with AR and VR
technologies in learning environments?

RQ:z: Which application of AR and VR holds the most
benefits for improving learning approaches?

RQs: What are the difficulties and limitations that prevent
the expansion of the use of AR and VR in education?
RQu4: What start-up trends regarding AR and VR could
arise in the future, affecting education?

Those research questions are noted as key focusing points
as the needed information to enable the research study to
give the current and future direction of AR and VR in
education.

B.  Review Protocol

The review protocol was very organized and followed a
series of steps to provide a full investigation. Table 1
outlines the review protocol [31] [32] [33]:

Table 1: Review Protocol in Steps

Step
Number

Step Name Step in Detail

State the need for
a detailed review
for the evaluation
of AR & VR in
Education,
described in
sections I and II.
Define the
research questions
to be addressed in
the process of the
present review
(provided in
section II, based
on section I).

Need for the

Step 1 Review

Step 2 Research Questions

Use search terms to
search for  the
primary
from

Identify
Strings

Search literature

Step 3
scientific

databases.

Conduct queries
with the identified

strings in  near-

Primary Literature
Step 4 Selection identical form in

specific  electronic

databases.

Inclusion/Exclusion | Use certain

Step 5

Criteria requirements of
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inclusion and
exclusion to come up
with a list of papers
from the domain of

interest.

Step 6

Summarise

Synthesizing  and themes,

Reporting

final report.

documentation

the

selected papers into

and
of

the findings in the

Need for the Review

State the need for a detailed review for the
evaluastion of AR & VE in Education,
dezcribed in zection I1..

v

Research Questions

Define the research questions to be addressed
in the process of the present review (provided
in zection IT).

L A

v

Identify Search Strings

Use search terms to search for the primary
literature from scientific databases.

v

Primary Literature Selection

Conduct queries with the identified sttings
near-identical form in specific electromic

databazez

Inclusion/Exclusion Criteria

Use certain requirements of mclusion and
excluzion to come up with a list of papers
from the domain of interest.

¥

Synthesizing and Reporting

Summarize of the selected papers inte
themes, and documentation of the findings in
the final report.

ke o

Figure 1: Review protocol in diagramatic view




Figure 1 depicts the diagrammatic presentation of the
above review protocol

C. Identifying Search Strings
The study employed a targeted keyword search strategy
was used to search for the studies. The key search strings
included:

*  "ARin education™

* "VR learning environments™"
Note: (*) implies lexicographically related words and
terminology.
A vast number of opportunities are in the fields concerning
“Al-driven AR/VR applications”.

D. Inclusion and Exclusion Criteria

To maintain relevance and rigor, the study adopted the

following criteria:

* Inclusion Criteria:

= Peer-reviewed journal articles, conference papers, and
case studies.

= Scientific articles of articles published in the last 10
years include up-to-date research.

= Research articles that have article type, scope, method,
or audience of using AR and VR for educational
opportunities, advantages, or difficulties.

= Coined from empirical research, detailed case studies,
or debates in the attached articles and other sources.

= The sources used in this paper refer to the last 10 years
to provide up-to-date information. Research that
concerns the applications, the benefits, or the
challenges of AR and VR in educational settings.

= Secondary studies that incorporate empirical data,
pilot data, or elaborated discourse of AR and VR.

* Exclusion Criteria:

= Other uses of AR and VR apart from education.

= Articles without any statistical analysis or a lack of
significant data on this basis, following articles were
excluded:

*  Magazine articles in languages other than English.

= Articles without data or contained inadequate analysis.

=  Publications in languages other than English.

E. Selection of Literature
The literature selection process involved three stages:

Stage 01 - Initial Screening:

Finalized search strings were executed on Google Scholar.
Google Scholar was used as the primary search engine for
gathering relevant papers in the initial stage. More than 100
research articles were identified in the IEEE Xplore,
SpringerLink, ScienceDirect, and other repositories.
Article titles and abstracts were screened for eligibility.

14

Stage 02 - Detailed Review:

Consequently, each selected article was reviewed critically
based on whether it satisfied on approach, theme,
methodologies, and findings.

Stage 03 - Final Selection:

In total, the analysis included thirty research studies that
met the objectives of the study, as well as the possibility of
making a more general conclusion.

F.  Synthesis and Analysis

The identified literature was divided into four themes based
on the application, advantages and/or disadvantages, and
future development. Cohort synthesis was employed to
undertake a qualitative synthesis of the studies and come
up with themes and patterns. Because of the nature of the
study, quantitative data where available was incorporated
into the findings, especially in terms of the level of
engagement and retention as well as the accessibility of
learning resources.

G. Limitations of the Methodology

The methodology has some limitations:

= It also restricts the research to materials in the English
language alone leaving out other languages that may
not consider other research sources.

= The contemporary breakthrough technologies that
have yet to find their way into research publications
are not represented.

= There is no primary data, so some outcomes may not
reflect the contextualized use of AR and/or VR gauges.

= The technology types which are most recent, and
which are not captured in the current academic
literature are likely not to be identified. The use of
secondary data limits study results to what has been
reported without consideration of context-specific,
actual use of AR and VR.

» Limitations originating from secondary data imply
that real-life applications of AR and VR in contexts
may not be well captured.

However, the approach adopted in this study guarantees a
systemized and thorough investigation of the topics under
consideration and offers an ideal starting point for
establishing the potential of AR and VR in education.

III. APPLICATIONS OF AR AND VR IN
EDUCATION

AR as well as VR systems are the latest and most efficient
approaches that have and can impact most educational
paradigms since they enhance learning and teaching
paradigms [4] [5]. These technologies enhance the concept
of learning by experiencing where students have the
opportunity to experience complicated information. The
subsequent subsections discuss the different areas of
adoption of both AR and VR in education together with the



corresponding practical uses of them from individual levels
of education [8] [9].

A. Virtual Classrooms:

Remote classes in VR bring the concept of students and
educators in a 3D environment where all can interact
despite their locations. Such an application is more helpful
for distance learning, which provides a feel and touch
similar to that of the actual class environment [6] [7]. For
example, engagement applications and alt-space virtual
reality applications are applications where educators can
deliver lectures, group discussions, and various forms of
learning exercises since the virtual platform motivates
more active participation from the learners than when
seated in a traditional classroom environment [3] [9] 11].

In learning institutions, particularly in universities and
colleges: virtual classrooms are used to recreate real-life
problems that can hardly be observed in real life. For
example, VR helps learners make practical assessments in
medical colleges where virtual dissections and surgery
performances do not require specific physical facilities [10]
[13]. Consequently, courses in the engineering domain
employ VR to create models, which students use to test
simple and complex structures virtually [3].

B. AR Labs:

AR labs are laboratories where traditional lab conditions
are supplemented by digital top layers added into
experiments. The integration also enables the student to
carry out three-dimensional visualization of molecular
formations, chemical conversion processes, and biological
processes. For instance, during the application of
augmented reality such as Labster, students get practical
lessons, experiment virtually, get feedback, and learn about
some phenomena that require expensive equipment to
model [2] [15] [16]. Figure 2 presents the virtual laboratory
with Labster.

Labster Website:

Source  for
https://www.labster.com/blog/about-short-virtual-labs

Image Figure 2:

In specializations like biology and chemistry, the
application of AR actively allows students to view specific

structures of cells or chemical formulas that are hard to
visualize otherwise. Such an approach not only extends
knowledge but also logical analysis and problem-solving
abilities as the students engage with complex, realistic,
models [1].

C. Immersive Learning:

Explorative forms of training such as VR and AR are more
effective than conventional training techniques because
they involve the active use of multiple senses apart from
operating in context. At the learning with history, VR can
take students to ancient cultures and enable them, students,
to experience the feel of historical archaeology and
monuments in historical events. Other applications, such as
Google Expeditions, take people to an actual Roman
Colosseum or the Great Barrier Reef, making history more
exciting and enshrined [3].

In environmental science, using VR in ecosystems and
climate models assists students in learning the effects of
humans on the environment. By using avatars to virtually
explore the forests, the ocean, and weather patterns,
students are capable of gaining a better understanding of
those particular processes and therefore start to appreciate
the need to dedicate their efforts to preserving the
environment [1].

D. Corporate Training:

In addition to conventional schools, colleges, and
universities, AR & VR have been applied extensively to
support the development of professional skills and improve
workforce productivity, through corporate training. Major
industries like healthcare, aviation, and manufacturing
sectors utilize VR for mimic training, which replicates all
the actual-life precise difficulties in an efficient yet
safeguarded atmosphere. For example, within the training
contexts predicted by conventional methodologies, such as
flight training, emergency exercises, surgical operations,
and factory training, people utilize VR to perform various
activities that are at high risk if the actual training scenarios
were used [3].

Utilizing AR in corporate training ensures that employees
get real-time support and directions while executing
difficult tasks. For instance, smart glasses such as
Microsoft HoloLens give instructions and additional visual
cues for an assembly line worker to reduce time and
mistakes [2] [8] [12]. This kind of training aids not only in
the development and improvement of skills required to
execute organizational activities but also in preparing and
equipping the employees to handle actual organizational
events.

E.  Language Learning:

AR and VR greatly improve the learning process of a
language by offering real-life and physically engaging
environments that are conducive to learning.


http://www.labster.com/blog/about-short-virtual-labs

The translation can be applied on top of recognition through
augmented reality gadgets which assist students in
practicing in real-time settings, such as being able to
translate words, pronunciations, and other perishable
content on physical objects. For instance, the MondlyAR
applications are the ones that provide users an opportunity
to engage in speaking a foreign language with virtual objects,
and thus they obtain feedback in the process,

which contributes to active learning and, consequently,
memorization [1] [5] [6].

VR environments make language a practical experience that
enables students to interact with simulated native speakers,
sample cultural interactions, and practice language in
assisted real-life situations. Such interactions contribute to
the creation of conversational and cultural competencies
that form efficiency components of language learning [3].

F.  Special Needs Education:

Through the use of AR and VR technologies, students with
special needs are provided with a relevant and personalized
learning environment, hence encouraging an inclusive
learning environment. These technologies can be adapted to
follow a particular learning need, and in this way, will help
learners who have different learning modalities to follow the
course effectively and efficiently. For instance, VR
applications are effective in providing an environment for
learning social relations and communication, for instance,
learners with autism disability [1] [18] [19].

AR tools can be helpful to students with visual or hearing
disabilities by giving additional, clear visual indicators or
translating the words spoken in sign language for all learners
[22] [23], making the material equally accessible to all. AR
and VR can create more environments insofar as the models
assist in satisfying the distinctive requirements of each
student [3].

G. Collaborative Learning:

While incorporating aspects of both systems, AR and VR
enhance the extent of collaboration between students and
tutors through the realization of virtual collaborations [16].
These technologies support collaborative initiatives in the
completion of tasks, cooperative learning, and group work
which enhances major skills in group communications and
coordination. In a VR environment, users can be present
within a single environment with other users, perform
actions and discuss various issues, work with virtual objects
and, if necessary, solve various issues simultaneously [3]
[20] [21].

The collaborative nature of the use of AR in classrooms
allows students to perform activities of a joint nature
through digital overlays on real objects in the classroom, this
providing students with a notion of togetherness in learning
activities. In addition to enhancing students’ performance,
these collaborative tools also prepare students ready for
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teamwork environments in other capacities in the future [1]
[27].

H. Case Studies and Real-World Examples

Case Study 1: AR in Science Education: A teaching plan
of a high school biology class incorporated an AR
application that can assist students learn internal organs
and how they are positioned. The use of the interactive 3D
models improved attention and understanding leading to a
25% improvement in exam scores over conventional
approaches [1][17].

Case Study 2: VR for Virtual Field Trips: A history
department of a university employed the use of VR to
perform virtual history trips to Rome, and medieval Europe.
Students also expressed an increased level of learning and
retention in the survey, while qualitative responses credited
the regular usage of podcasts to a better understanding of
historical backgrounds and events [3].

Case Study 3: Corporate VR Training in Healthcare: For
training medical residents, a hospital decided to use VR-
based simulations of surgeries. Endorsements that were
provided let residents build skills in performing different
procedures while minimizing some risk related to the
actual hence the enhanced outcomes
simulations translated to fewer mistakes in actual surgeries

[31[14].

surgeries, in

Case Study 4: AR in Language Learning: An elementary
school recently incorporated an AR language learning
application that translates and provides pronunciation over
the objects in a classroom [1]. Concerning the findings, the
level of language use known by students was enhanced
hence enhanced attitude towards language learning with
the expanded vocabulary knowledge [1].

IV. BENEFITS OF AR AND VR IN EDUCATION

The integration of AR and VR technologies in the teaching
and learning process has changed traditional teaching-
learning practices by introducing new approaches that
enhance engagement, comprehension, and affordance of
content. They offer practical exercises, practical training,
real-life experiences, and individual pupil approaches to
learning, which correspond to different learning abilities.
As a result, the following are the benefits of AR and VR in
education [2].

A.  Enhanced Engagement and Motivation

AR and VR engage students since they create factual and
stimulating learning atmospheres. These technologies do
away with monotony in learning by turning lessons into



more interesting activities. For example, those who are
following VR field trips using historical landmarks or
working with the objects of molecular structures in AR will
not get distracted and forget information [6] [9]. In his
learning environment exposure and motivation theory, it
was revealed that immersions yield high levels of
motivation and curiosity leading to increased participation
and better results [3].

B. Improved  Knowledge  Retention and  also

Understanding

AR and VR help students relate the theory part of the course
to real life, and since the practical part sharpens the memory,
the two technologies promote the mastery of concepts by the
learners [20] [27]. Virtual simulation models and augmented
overlays make conversion and complexity reduction
possible and empower learners to interact with the material.
For instance, an entity such as medical students simulating
surgical operations in a VR environment or biology students
dissecting human organs through the use of AR gets a better
understanding of their subjects. Studies also show that
retention levels are higher in the full experience mode than
in conventional lessons [1].

C.  Accessibility for Diverse Learners

Both AR and VR teaching meet the needs of students with

disabilities, thus making learning comprehensive for all

students [11].

= Students with Mobility Impairments: Some of the
learning activities that can be modelled in VR may be
physically out of the reach of learners, for instance, they
can get to view historical landmarks or practice
fieldwork.

»  Visual and Auditory Impairments: AR applications can
add subtitles, audio descriptions, and other markers on
top of real-life objects and common landmarks, which
will make for easy learning for everyone.

Such tools level the odds and close the gap on accessibility,

so all students can participate on an equal footing. [2].

D. Hands-On Skill Development

AR and VR offer a safe environment for the learner to go

through what is expected in the real world closely in a

controlled manner. High-stake fields such as medicine,

aviation, and engineering learners can take practice tests
with implications and costs of errors similar to real ones. For
example:

*  Medical Training: This leads to better impressions on
the patient’s skin which in return enables medical
students to perfect their technique through VR surgical
simulations [11].

Disappearing aircraft incidents can be

simulated through VR flight simulators where even the

pilots can also have to perform emergency maneuvers.

" Aviation:
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=  FEngineering: AR in teaching allows students to model
and test different prototypes improving design
throughout the learning process [3].

These simulations allow the student to become more
comfortable and capable before having to exercise this
capability in practice.

E. Fostering Collaboration and Teamwork

While using AR and VR, students share working space and
can work together in some kind of project or problem-
solving activity. For example, the platform VR allows
learners and teachers to meet in such a class regardless of
geographical location. AR applications complement
existing group processes by creating joint representations
and promoting collective adequacies and collaborations.
These collaborative environments are also useful since the
majority of the workforce in diverse organizations involves
several individuals who have to work together as a team

[1].

F. Contextual and Immersive Learning

Semantic learning is one of the biggest advantages that AR

and VR have over more traditional forms of training.

Through gameplay, students safely investigate

situations that would be difficult to experience otherwise,

for example, because of the financial situation or location

of the place.

= Geography and History: Thus, within VR students can
travel to a particular civilization, historical sites, or a
distant ecosystem with a handle click.

= Environmental Science: Models of ecosystems and
climate processes assist learners in seeing systems,
processes, and their relationships.

= Language Learning: AR acts as contextual language
practice where words and phrases are placed on
objects in the environment of the learner [2].

This makes learning more meaningful and hence increases

the capacity of the human mind to retain knowledge and

the time it takes to forget such learned knowledge.

can

G. Critical Thinking and Creativity, Methods for its
encouragement

AR and VR technologies force students to engage their
critical and creative brains. Another viable category of
learning scenarios is linked with a wraparound problem-
solving context, for instance, virtual escape rooms or AR
puzzles which appear as learners have to assess
information and its implications, make choices, and assess
the consequences. Co-curricular activities in the area of
education support analytical, synthesizing, and evaluating
skills essential for the accomplishment of academic
objectives and career trainability [3].



H. Personalized Learning Experiences

AR and VR offer personalized learning environments that

also take into account the unique learning modality and

speed. For example:

= Al Integration: Currently, Al in AR and VR in learning
enables the expounding of different levels for
performance, recommendations of learning modes, and
correction of performances among students.

= Self-Paced Learning: The use of virtual scenarios
enables students to practice what they were taught,
review various subjects, and do it in the way that best
suits their style [1].

Personalization guarantees that every learner will be given

all the help he or she requires to learn [3].

I Knowledge Gain and Multiple Practical Readiness
AR and VR are the middle ground between understanding
something in theory and then practicing it. These
technologies seek to allow students to use what they learn in
classrooms in real-life settings to make learning more
effective. For instance, based on the VR concept, business
students may practice negotiation skills while healthcare
students practice ways of interacting with patients with a
view of developing empathy [2] [12] [18].

V. POTENTIAL PROBLEMS WITH AR AND VR
AGAINST EDUCATION

AR and VR have great opportunities for teaching and
learning in the classroom; nevertheless, they have numerous
barriers and drawbacks in an educational setting.
Unfortunately, these difficulties limit their use and
incorporation into curricula, for which specific actions need
to be sought. Following are the primary difficulties and
constraints inherent in AR and VR applications in learning
settings [15] [25] [26].

A.  High Implementation Costs

The first barrier that organizations face when adopting the

use of AR and VR technologies is the cost of integrating the

technologies in terms of equipment, software, and content.

=  Hardware Costs: Certain tools such as VR headsets,
AR-compatible tablets, and other tools are expensive,
and cannot be easily afforded by most schools and
colleges.

= Software Development: Thus, integrating AR and VR
content in line with goals set in curricula can be time-
consuming in development and programming [15] [26].

= Maintenance and Upgrades: Continual improvement
with new updates, repairs, and upgrades causes extra
unanticipated costs, which affects budgets [16].

The problem is that faculty, colleges, and campuses in areas

of low incomes cannot always afford to acquire these

technologies, and so, the digital divide deepens.
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B.  Technical Barriers

Integration of AR and VR poses procedural complications

such as the lack of adequate technical support needed to

support the technologies, in most learning institutions [15].

= Internet Connectivity: Distance, speed, and structure
are integral to implementing effective AR and VR
solutions, but high-speed internet remains a problem
for many in remote and low-income regions.

= Device Compatibility: The possibility of using a
device such as a smartphone, tablet, or computer also
adds extra challenge to the research on AR and VR
applications.

= Technical Support: Inadequate technical knowledge in
schools means that problems go unsolved, and this
interferes with learning activities. [3] [15].

C.

Successful instruction of AR and VR in classroom

implementation needs both a technical functional and a

functional and pedagogical one.

= Skill Gaps: One more problem that many teachers face
is that they have no knowledge about the AR and VR
technologies that are needed to implement these
technologies [15].

= Professional Development: Unfortunately, there is
usually a lack of or inadequate, elaborated training
programs for educators on how to effectively employ
these tools [27].

= Resistance to Change: Several teachers resist the use
of technology teaching because they are
comfortable with previous methodologies or because
they believe it will make their workload increase [1].

This indicates that the applicability of AR and VR in the

teaching and learning process will not see the best growth

if the necessary support and training are not provided.

Teacher Training and Readiness

in

D. Curriculum Integration Challenges

Another formidable challenge

institutions of learning is how to integrate AR and VR

technologies into the current curriculum.

= Content Alignment: To achieve effective results, it has
been realized that educational content has to be
adapted to satisfy learning objectives when using AR
and VR tools.

= Time Constraints: The integration of AR and VR in
the lesson plans takes time especially when preparing
lessons in topics that need a lot of preparation.

= Standardization Issues: The absence of clear
benchmarks for the implementation of AR and VR
poses a crucial challenge in scaling up these solutions
across institutions [1] [14].

now facing many

E. Equity and Accessibility Issues
However, when it comes to implementing AR and VR in
learning the technology has the potential of widening the



education inequality, especially within the lesser developed
areas of a country.

= Digital Divide: Students in low-income schools are also
forced to take their studies online they do not have
sufficient hardware, and they do not have sufficient
internet connections hence they are unable to accrue the
same knowledge.

= Accessibility for Special Needs: AR and VR have
possibilities to assist students with a disability, but not
all the applications created have an accessibility focus.

= Geographical Disparities: Problems arising from the
implementation of AR and VR technologies in rural
schools are certain difficulties in making demands for
the infrastructure that is requisite for implementing
these new technologies [3].

F.  Health and Safety Concerns

Effects on the physical and psychological dimensions are

expected as the consequence of prolonged AR and VR

experiences.

= Motion Sickness: Some of the users complained of
dizziness, tiredness, or nausea perhaps because the time
they can spend on the use of the devices is somehow
fixed.

= Eye Strain: Eye fatigue and other discomforts are likely
to arise out of long hours of exposure to displays in the
AR and VR environments.

= Mental Health Impacts: Realistic environments at times
create stress to learners since the physical reality and
the virtual are so closely woven and can cause some
anxiety at times [1]. Institutions should, therefore, work
on coming up with measures to minimize such risks.
You know for sure that, 60% of your text can be Al
made.

G.  Content Development Challenges

Wanted to originate the best AR and VR content that would

not just grab attention but also keep the mind in learning.

This takes a lot of time as much as finances involved.

= Expertise Requirements: Design and develop AR and
VR applications, professional in programming, 3D
modelling, and instructional design.

= Scarcity of Off-Shelf Content: Institutions have to
develop custom solutions because instructionally
appropriate AR/VR content is not widely available;
which increases the costs and time for such
implementation.

= Cultural Relevance: Culture and context can often be
left out of finely constructed virtual learning content,
which can make it somewhat ineffective for diverse
student populations [2].

H. Ethical and Privacy Concerns
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With the adoption of both honesty to goodness and civil,
ethical issues and privacy issues also come with the
incorporation of emerging AR and VR technologies.

* Data Privacy: The majority of AR and VR
applications collect different data from users about
their location or biometric features and usage, which
raises many securities and ethical concerns involving
data privacy for students.

= Inappropriate Content: 1f left free or not well
monitored the students could be exposed to AR/VR
experiences some of which may be at the wrong age
levels or just not as per the curriculum set.

»  Behavioural Concerns: Immersive environments may
cause some unforeseen manifestations of student
behaviour, which may require ethical guidelines for
usage [3].

I Addressing the Challenges

Not that AR and VR have a load of challenges, but they are

not impossible to tackle. They include:

=  More funds and subsidies for their cost-effective
accessibility in AR and VR technologies.

= Further development of technical infrastructures,
especially to the underserved areas.

»= A sounding board for them to gain experience that will
enhance their teaching methods.

* New frameworks
effectively integrated to carry out these standards.

*  More Accessibility Features for equitable use of AR
and VR tools.

=  Policy regarding students ‘welfare and their identity.

for how curriculum can be

VI. FUTURE DIRECTIONS AND TRENDS

Considering the advances made with AR and VR
technologies, it would almost certainly be reasonable to
predict that their application along these lines would
increase education as well. Such conditions would be
brought about by continuous advancement in hardware,
software, and, of course, pedagogy. The next sections will
describe some of those new emerging trends and future
directions that transform the possible realizations of
augmented and virtual reality within the educational
environment [1] [4].

A. Al Integration for Personalized Learning

The joint power of Artificial Intelligence (AI) in
Association with AR and VR is getting ready to change
the very face of personalized learning. It means that Al
algorithms study the behaviour and achievement level of
a certain pupil and can adapt the relevant analyses
depending on the real-time data in AR and VR systems

[6].



= Adaptive Learning: Mobile applications with the use of
Al for AR and VR can switch between difficulty levels,
provide transfer feedback, and recommend an
individual learning process [7].

= Virtual Tutors: Al-backed virtual tutors can help
students learn in an immersive VR environment,
answering questions, and making real-time live
interactions [3] [6].

= Predictive Analytics: Al can predict challenges for a
student and proactively fill gaps created in learning,
resulting in better academic achievement.

With all this, a new learning experience would make it more
effective for educators and learners. [3].

B.  Global Accessibility Through Affordable Solutions

Japan seems to be increasingly adopting such AR and VR

because of the change in technology and of course the

change in connectivity on the global level [4].

= [nexpensive Devices: The pervasiveness of cell phone-
based applications has a positive impact in making
necessary information readily available while on the
other side, the cost of AR/VR headsets that are currently
on the market can be considered affordable to
educational institutions [17] [20].

= 5G Connectivity: Even in the widely undersupplied
areas, the increase in 5G networks will guarantee the
delivery of AR and VR experiences [17].

= Open-Source Platforms: Open-source and free AR and
VR learning materials are going to democratize access,
and offer immersive technologies even to schools with
the tightest budgets. [1]. Such improvements might
bridge the digital divide on parity in access to
contemporary and technologically enhanced learning
instruments.

C. Gamification and Edutainment

Indeed, gamification can be said to be rather a recent

development as a concept in teaching especially with the use

of the features offered by AR and VR in designing such an

exciting and useful learning space [9] [21] [22].

*  Game-Based Learning: One form of AR and VR is
those in which students get to enjoy academic content
mingled with entertainment through educational games
to increase motivation and retention.

= [mmersive Simulations: Examples of virtual reality
role-play such as operating a business or a historical
event need the student to learn actively and to reason
for the part played.

= FEdutainment Applications: Computer and mobile

applications designed as an educational application

with the approach to learning and fun are beginning to

attract users based on curiosity and creativity within the
learner [2].

Gamification of learning by AR and VR can offer a unique
experience of enjoyment and affordance in learning to
students of all ages.

D. Hybrid and also Remote Learning Models

These new technology developments are at the heart of

hybrid and virtual learning.

»  Virtual Classrooms: With the help of improving
technologies of VR, facial interactions between

= learners and other learners or instructors can occur in
a virtual classroom setting that emulates a physical
setting [5] [12].

" AR
Augmented reality could enhance in-person learning
by extending real objects and their surroundings with

Improvements to  Physical  Classrooms:

a layer of virtual information.

»  Hybrid Multimodal Learning: This timeliness is made
possible when students can swap between their online
and offline tasks while preserving the continuity of the
learning process [3]. These provide an answer when
learning is disrupted by threats such as a pandemic and
shut down lines of education while effectively
engaging them.

E.  Making the use of conversational agents broader in
terms of its application areas

The applications of AR and VR in STEM (Science,

Technology, Engineering, and Mathematics) education

may already be quite impressive; however, they are

increasingly infiltrating some other disciplines [23] [24]:

»  The Arts and Humanities: VR could take students to
historical places, museums, and cultural events
without ever leaving their seats. Experiential learning
is enhanced in these subjects: history, art, and
literature.

= Language acquisition similarly uses such tools as
translation, phonetics, and cultural notes by providing
something real and observable that the learner then
gains contextualized immersion into the language [16].

=  Businesses and leadership: VR simulations can
therefore be used as learning environments in the
development of skills in negotiation leadership and
project management so that students are prepared to
practice those skills in the workplace [2].

Interdisciplinary applications of AR and VR demonstrate

both the applicability and adaptability of these

technologies in collaborative and Social Learning

Environments. Makes it even more suitable for

implementation into learning environments for educators

and learners.

social

F.  Computer-supported  collaborative  and

learning environments



By providing students with opportunities to create something

together in shared or co-tenanted spaces, VR and AR enhance

collaborative learning [8] [9].

= Virtual Field Trips: Different international students will
be able to tour by virtually moving around in VR

as a way of learning about different cultures and global
interconnection.

= Team Projects: Collaborative AR/VR spaces allow
students to collaborate in real-time on projects and ideas
created and shared whether they are in the same space or
not.

= Peer-to-Peer Learning Spaces: Virtual environments are
inspirational environments that facilitate the peer
interactivity of students where they learn from each other
[1].

All these approaches foster learning and prepare the children

for their future jobs, where teamwork and communication are

the order of the day.

G. Solutions in the field of Content Generation and
Interactivity

The advancement of augmented and virtual reality will

continue to focus on enhancing the creation of even better

learning content [12].

= Haptic Feedback: The most evident advantage of such
touch-enabled interactions in a virtual environment
would be increasing the level of realism and training of
the skills.

= Real-Time Content Updates: Further, the cloud-based
platform will allow teachers to do instant updates on AR-
VR content to ensure the same content is still relevant
and aligned with the curriculum changes.

= [nteractive 3D Models: Available in enhanced tools in
AR and VR, students would be able to manipulate such
accurate 3-D models, providing a better understanding of
complex topics. [3] Thus, these developments will
present AR and VR experiences as much more
immersive and personalized.

H. Move towards sustainability and scalability.
Into the future of education, AR and VR will be blended
along with other sustainability and scalability:

= Green Hardware: Manufacturers experiment with such
materials with energy-efficient designs for AR/VR
devices, using Eco-friendly construction [15].

»  Cloud-Based Solutions: This means that while local AR
& VR applications may be much smaller in scale, those
using cloud computing do not require high-quality local
equipment [16].

=  Reusable Content: Cost economies and increased
usability will provide modular AR and VR content that
can be applied across disciplines [2]. Sustainability will
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seal the fate of AR and VR technologies not within years
but centuries for access and relevance [18].

VII. CONCLUSION

In overall conclusions though the employment of AR and
VR in educational processes indicates the prospects and the
veil of phenomena for encompassing the learning process
with real-time options. Such technologies are personalized
engagement with content, enabling various forms of
individual learning styles and needs. This way can be
applied to real-world circumstances in learning, making the
theoretical knowledge that was reinforced there also
enhance practical future skills for professionals; for
example, the students in business management could even
practice negotiations in the perspectives of the VR and the
students in health care sector might even get to understand
the patient relation field through simulations.

However, all of these benefits also come with drawbacks,
such as high costs, the need for technical know-how, and
still other accessibility issues that need to be addressed to
make these valuable devices democratically available to all
sufficient training for teachers and students to facilitate the
incorporation of augmented and virtual reality information
into technical communication teaching models would also
be necessary.

Thus, home education can be transformed through AR and
VR to great heights for theory and practice in the future,
demanding  special  consideration against these
impediments. Further research continues, as investments in
these technologies through the provision of infrastructural
support will make it happen to maximize their benefits in
educational setups. Such a challenge makes it easier to
develop a learning environment that enhances the students’
ability to learn while in a process reducing the cost and
downtime hence making it effective, efficient, and more
importantly accommodating every learner who cares to
play an active role in the process.
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