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ABSTRACT The democratic welfare government is equally committed to quality-driven, impartial, and
egalitarian education. The major contribution of this study is to examine the problems and opportunities
posed by the incorporation of digital technology in the classroom via the lens of Classroom 4.0 (CLSR4) and
education 4.0. The commitment of the democratic welfare government to equitable and quality education is
investigated, in line with the Global Agenda SDG 4 goal of ensuring comprehensive and lifelong education
for everyone. The modern classroom is witnessing a clash between traditional teaching methods and the
digital competency of today’s tech-savvy generation. The goal of this study is to examine the connections
between education 4.0 and classroom 4.0 by looking at developments in classroom architecture and the use
of digital platforms. The biggest issue found is instructors’ inability to adjust to changing conditions. In terms
of methodology, confirmatory factor analysis is used in this work to investigate the dynamics of correlations
in the context of Classroom 4.0. This method offers insights into the variables influenced by metaverse
technology, resulting in a thorough comprehension of the evolving educational scene. This study’s findings
shed insight into how students see the changing classroom and the role that various platforms play in engaging
them. The study underscores the need for educators to effectively integrate these tools and address this digital
transformation to improve teaching and learning experiences. However, there are study constraints, most
notably the limited contextual scope, which is exclusively focused on the Indian educational setting. Further
research in other worldwide contexts is required to generalize the findings. In the future, it is critical to inves-
tigate and build creative instructional practices that effectively synergize with Classroom 4.0. Furthermore,
further research should be conducted to determine how governments and educational institutions might adapt
to this paradigm shift, ensuring a smooth and effective transition into the digital era of education.
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INDEX TERMS Classroom 4.0 (CLSR4), digital classroom, teaching learning, metaverse technology, sustainable
development goal (SDG-4).

I. INTRODUCTION
The 4th Industrial Revolution is a topic that almost everyone
is discussing (4IR). Because the 4IRwave is so strong, change
is unavoidable, particularly in the educational setting. If we
focus on sustainable development, then SDG-4 has a key
role to play in upgrading the quality of education [1]. The
landscape of educational innovation has transformed as a
result of the Fourth Industrial Revolution (IR 4.0). Artificial
intelligence (AI) and digital physical frameworks that enable
a more general human-machine interface are in charge of
IR 4.0. So here, the famous buzzword among educationists
today is education 4.0. The Education 4.0 framework aims to
encourage the development of soft skills like teamwork and
lifelong learning in addition to the digital technologies [2]
that are needed for Industry 4.0. The shift from Education
3.0 to Education 4.0, however, is not without its difficulties
for the educational system.

In today’s era, learning zones promote various learning
methods and aspects of the creative process. In both the class-
room and the school as a whole, clusters of kids are active in
zones of collaboration, independence, play, and presentation.
Everybody is involved in the learning phase and motivated
to learn the latest technologies. Higher education is a major
concern, as is adapting the latest technologies to upgrade
you. Without entering the classroom, it is not possible to
grab a lot of general knowledge as well as connect through
social ethics. Here, the classroom is the actual medium to
adapt the subject knowledge as well as the interactive media.
In between, multiple technologies are performed on multiple
scales. So every interactive medium makes a classroom with
the replacement of smart classrooms [3]. A seamless and scal-
able reconfiguration of the sensor devices and virtual learning
scale environments within the classroom would be necessary
in a real-world [4], futuristic scenario with smart classrooms
where consecutive lessons take place (with 15–30 minute
breaks) in order to both deliver the lesson and take advantage
of vastly different MMLA (Multi Modal Learning Analysis)
solutions. In between, the motivational factor of this study is
to identify the classroom architecture and the level of moti-
vational reinforcement and aid that instructional designers
should provide learners to help them advance intellectually.
At the initial stage, these two terms, education 4.0, or it
may be classroom 4.0, have major concern for the upcoming
growth of higher education. For further study, we have now
focused on the basic classification of education 4.0. As of
now, we only describe the basic illustration of the education
system, so a general illustration of education is mentioned in
Figure 1.

With SDG-4, Classroom is such a place where stu-
dent’s entity comes alive. Students are able to think
critically, solve issues, and collaborate in this environment.
Classrooms in the 21st-century must adapt such that all
students have equitable access to learning through active

FIGURE 1. Classification of classroom 4.0 in multiple directions.

participation [5]. Classrooms should move from a
memorization-based reading-writing-arithmetic method
(drill and kill) to a more collaborative active approach,
according to design and experience. Here we precede the
revolution of classroom from 1980 to 2030 in Figure 2.

There is a small gap, as given in Figure 2. Where
COVID-19 has come and suddenly the classroom concept
has been converted into an online pattern. And we can say
that some time ago, along with study in COVID-19, the
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FIGURE 2. Classroom revolution with different years.

classroom pattern also changed a lot. When the study pattern
came online, people adapted the online system and used new
technologies. The past tense of conventional education has
emerged. Education has seen significant changes as a result
of the combination of technology and the classroom [6]. The
scope of this study is to explore the usage of technology in
classroom architecture year by year, and the student learning
strategies have been totally changed so they may perform
their task from anywhere without any dependence on teacher
physical assistance in 2030. The aforementioned factors pro-
vide the complete inspiration for this work, which analyzes
the emerging technologies used in classrooms and how they
may present a roadmap toward classroom 4.0.

The paper explores some research questions as follows:
• What are the challenges faced by educators in adapting
to the digital transformation of the classroom under the
frameworks of Classroom 4.0 and Education 4.0?

• How can educators efficiently integrate digital tools and
platforms to improve the teaching and learning experi-
ences in the modern classroom?

• How do students identify and be involved with the
changing classroom, especially in light of the usage of
technology and digital platforms?

• What is the impact of the new technologies, such as
metaverse, on several variables in Classroom 4.0, and
how does it affect the educational landscape?

The objective of this paper is to study the challenges and
opportunities linked with the integration of digital technology
into the modern classroom, mainly through the framework of
Classroom 4.0 and Education 4.0. It explores the commitment
of democratic welfare governments to provide equitable and
high-quality education, ensuring comprehensive and lifelong

education. The study uses confirmatory factor analysis to
analyze correlations in Classroom 4.0, examining metaverse
technology’s influence on variables and students’ perspec-
tives on digital platforms’ engagement.

The contribution of this paper is to examine the classroom
architecture from the initial pattern to the advanced pattern as
follows:

• The fundamental approach and importance of education
in the industry revolution are covered.

• The technological implementation in the classroom and
how it is growing rapidly in multiple aspects (reading,
assessment, etc.), the role of technologies in classroom
architecture is examined, including machine learning,
artificial intelligence, the Internet of Things, cloud
computing, edge computing/fog computing, robotics,
drones/anti-Drone, augmented reality/virtual reality,
digital twins, deep learning, block chain, big data,
explainable artificial intelligence (XAI), and the meta-
verse.

• A recommendation is made for future research after
reviewing past studies that are directly connected to
Industry 4.0.

• Additionally, multimodal learning analysis has been dis-
cussed with different patterns of classroom as well as
classroom atmosphere and covered maximum parame-
ters during this study.

• We also proposed a model based on metaverse technol-
ogy for the upcoming education generation, based on
higher learner engagement, adaptive learning, increased
collaboration, and security aspects.

This paper evaluates the impact of Education 4.0 and Class-
room 4.0 on classroom architecture and digital platform
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usage, highlighting challenges faced by educators. It advo-
cates for effective digital integration and creative instructional
practices but acknowledges its limited scope and calls for
further research.

The remaining sections of this paper are presented as
follows: Section II completes the review study and litera-
ture background. The use of numerous technologies in the
classroom and the role of technology in the contemporary
educational age in terms of providing high-quality education
that addresses the SDG-4 are all covered in Section III.
The review work’s findings are proposed in Section IV. The
discussion and recommendations for the education sector are
located in part 5, and the study’s conclusion is provided in the
last part. The overall goal of this study is to concentrate on
SDG Goal No. 4, which is centred on high-quality education
and delivering cutting-edge technology

II. BACKGROUND
Information technology (IT) was used to automate pro-
cesses during the third industrial revolution, or Industry 3.0,
whereas Industry 4.0 focuses on improving connectivity with
cyber-physical systems and automation using big data. Indus-
try 4.0 [7], with its new technology enablers including the
Internet of Things (IoT), big data analytics, cyber security,
additive manufacturing, augmented reality, cloud data man-
agement, and computing, is anticipated to result in substantial
changes for all industries, including the sector of educa-
tion [8].

In between, Schools and universities must prepare stu-
dents for professions that will not yet exist, technology that
will not yet exist, and issues that we do not yet know will
exist because of the rapid economic and social development.
The higher education system is under pressure to meet the
demands of online communities.In recent years, education
system is facing a lot of issue due to the scope other activities
of related subjects so here some subject’s areas are covered
and mentioned in the following Figure 3.Education experts
explore the variousways that education’s content - at all levels
- and learning processeswill need to alter in the years to come.
After discussing the level of learning, our main approach is
to focus the actual involvement of recent technologies and
their complete usage during the study or it may be used
in classroom-based environment [9]. The background study
justifies the complete usage of classroom structure and almost
every IT based technology. Here we reviewed some classr
parameters [10] and usage of technology year wise and finally
justified some outcomes as per recent publication. Literature
work has been performed in Table 1 and for research analysis
for students, confirmatory factor analysis is performed in
figure 3.
At the end of table, some parameters are compared and

discussed the utilization of technology so now we just look
in to the more discussion about classroom strategic and its
architecture. In between we have to understand the back-
ground related activities where these activities are relevant to
the existing technologies like as machine learning, artificial

intelligence, Internet of Things and many more. The develop-
ment of technology has caused many ways to determine the
classroom architecture. By this way parameters and technolo-
gies are usually compared in the following Table 2.Revolution
of learning has been changed completely technology involve-
ment has been increased day by day. So here we move to next
section which is based on smart classroom with recent trends
in education sector

III. SMART CLASSROOMS: RECENT TREND IN
EDUCATION SECTOR
In complete discussion of education 4.0 here we have to clear
all the points those are related to smart classroom and smart
classroom must be developed through these technologies are
discussed.A learning management system offers an online
learning environment where students can study whenever and
wherever they want without being constrained by time or
location. Now we discussed the complete strategic approach
using e-learning tradition into the classification of last couple
of years in Table 3.
Total duration started as traditional era of teaching adopted

with minor technologies from 1980 and placed with new
generation. Among the e-learning concepts, components and
e-learning usage has been discussed.

A. MACHINE LEARNING
Teaching, learning, and research are all being radically
altered by machine learning (ML), which is revolutionizing
education. Machine learning (ML), which is revolutioniz-
ing education, is drastically altering teaching, learning, and
research. Teachers are using ML to identify problematic stu-
dents earlier and take appropriate action to boost success and
retention. Researchers are accelerating their research with
ML to make new discoveries and gain new insights. Local-
ization, transcription, text-to-speech, and personalization are
increasing the impact and reach of online learning content.
Last but not least, AWS is collaborating with public sector
leaders to adjust to the new ML reality and better provide
students with the knowledge and abilities they need to thrive.
The major benefits are covered through machine learning:

• Improve Student Outcomes
• Increase Online Learning Reach
• Accelerate Research and Discovery
• Improve Operations
In classroom environment, smart education system has

become more strategic and essential in terms of multiple
devices. So here, this study has been reviewed with the objec-
tive of the study and relevancy from the limitation in machine
learning through the Table 4.

B. ARTIFICIAL INTELLIGENCE
Artificial Intelligence may be considered as remote learning
access for further stage. Now the new generation came with
the online interaction with instructor or multiple teachers at
the same time. AI may assist with answering student queries
in an online classroom, frequently even quicker than the
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FIGURE 3. Year of production with subject areas of literature as confirmatory factor analysis (CFA).

FIGURE 4. The pattern of machine learning in classroom.

teacher. This gives the teacher more time to give the kind
of individualized feedback that pupils really need, which is
frequently challenging to find time for.

With this study, education system needs to train the student
at the assessment level so AI literacy is cognitive challenge
now. Here this study covers the objective as well as limitation
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TABLE 1. BACKG3ROUND study with various technologies.
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TABLE 1. (Continued.) BACKG3ROUND study with various technologies.
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TABLE 1. (Continued.) BACKG3ROUND study with various technologies.

TABLE 2. Classroom parameters discussed year wise.

in Table 5. The major aim is to focus the scale of intelligence
level in education sector.

C. INTERNET OF THINGS (IOT)
The major concern about internet of things for smart class-
rooms are to identify the actual parameters during the ambient
conditions. Numerous studies have been conducted in var-
ious aspects on the measurement and control the physical
architecture of classroom. This is the real challenge in
terms of hardware and software both. Thus, some of the

most important factors influencing the learning environment
include sound intensity and distribution, temperature, relative
humidity rate, light intensity, air quality, and ambient pollu-
tion. Education must keep up with the more technologically
advanced emerging generations. Smart boards and applica-
tions for school security that are IoT-enabled are enabling the
education industry to change for the better. Cost and security
are the two challenges, though.

Maximum equipment’s or devices are available for fetch-
ing data among the multiple areas so here classroom is one
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FIGURE 5. Artificial intelligence in classroom.

FIGURE 6. Internet of things in classroom.

the major area where IoT devices has major role to increase
the quality of education. Through the Table 6, background
study is reviewed with different segments to known the usage
of internet and their connected devices

D. CLOUD COMPUTING
Many school districts employ cloud computing technologies
in order to find more cost-effective methods to integrate
technology in the classroom. Cloud computing, in addition

to being less expensive, enables for more inventive teaching
approaches and student engagement. Here cloud computing
offers the new strategy, effective and cost effective way to
adopt latest technology expand the cloud based technology
for their computing needs.Modern classroom hasmade cloud
technology to focus on professional development courses.
As a result, students who are completely at ease with technol-
ogy and have grown up with it are critical to the success of
cloud computing technologies in the classroom. They quickly

VOLUME 12, 2024 24187



K. Joshi et al.: Exploring the Connectivity Between Education 4.0 and Classroom 4.0

TABLE 3. Strategic classroom method with e-learning concepts.

TABLE 4. Literature study on machine learning.

TABLE 5. Literature study on artificial intelligence.

adapt to its use in the classroom since they are continuously
exposed to cloud-based technology in their personal lives.
Cloud based computing in the smart classroom include the
major terms like as virtual classroom, secure data, collabora-
tion, automation and speed of innovation etc. Additionally,
cloud computing provides software solutions to manage a
number of the typical chores completed by instructors and
school management, freeing up time for more imaginative
activities. Multiple ways to utilize cloud computing in class-
room include.

• When not all students can be in the classroom at once,
live lectures can be given.

• Students can listen to and take notes on lectures that have
been recorded at their convenience.

TABLE 6. Literature study on internet of things (IoT).

• Uploaded files and links to student resources.
• Electronic books.
• Releasing grades.
• Virtual excursions to far-off locations
• Making online tests.
• Students can communicate and work together in chat
rooms and discussion forums (such as Google Hang-
outs).

• Building dashboards to monitor student development.
• portfolio offerings and Conduct conferences/meeting
with the parents

Now e-classroom is the future of learning in term of educa-
tion 4.0. Apart from this, architecture of cloud computing is a
couple of group of Service Oriented Architecture (SOA) and
Event Driven Architecture (EDA). To know the betterment of
cloud technology, Table 7 is detailed about the scope of cloud
computing in implementation and restriction in classroom
architecture.ted by instructors and school management

E. EDGE/FOG COMPUTING
The main goal of edge computing is to locally process data in
order to improve visuals, response times, and confidence. For
time-sensitive applications, the edge offers high-performance
processing capability directly to the centre of the activ-
ity. Edge computing has the potential to have significant
effects in classrooms from kindergarten through high school
as the education sector learns to harness the power of
classroom devices. In virtual classrooms, edge computing
enables speedy and seamless communication between stu-
dents and teachers. Learning can be hampered by choppy
virtual reality communications. Edge computing enhances
learning outcomes and virtual experiences. Edge can help
reduce expenditures over the long term.
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FIGURE 7. Cloud computing in classroom.

TABLE 7. Literature study on cloud computing.

Here, three professionals in education and technology dis-
cuss how edge computing might improve student learning in
the classroom.

1) Augmented and Virtual Reality: Virtual and augmented
reality, which are becoming more and more common in
schools, is made possible by Edge.

2) Internet of Things: School districts without the band-
width to send sensor data to the cloud benefit from processing

data locally with edge computing. This will enable teachers
to fully utilize IoT devices.

3) Student Outcomes: Edge computing’s real-time feed-
back capabilities could power performance-improving learn-
ing systems.

AMassive amount of data is generated globally. In between
data source and data response will matter during the exe-
cution. Edge/fog computing acts as intermediate among the
devices. A complete description and objective of the study of
cloud data center, Fog nodes and Edge devices are described
in Table 8.

F. ROBOTICS
Robotics in education is a growing field in which machines
train pupils while interacting with them using technology that
recognizes their emotions and has human-like facial features.
To mention a few, robots can serve as teaching assistants,
private tutors, small group facilitators, and peer learners.
In between ICT has major concern to play the role of latest
technology in education sector.

We must respond to the following inquiries as ICT usage
in education increases: How can technology are used to
increase the effectiveness of learning? How can technology
enhance differentiation and inclusive education while being
customized to individual needs? Robotics and digital tech-
nologies have the ability to fundamentally alter how we plan
and build structures. Although these technologies are widely
utilized inmanufacturing, their usage in the built environment
has been limited thus far because of the intricacy of con-
struction and the challenges associated with operating such
sophisticated gear.

Major benefits of robots in education arena:
1) Stronger Social Skills: Education robots have eyes,

mouths, and other facial features that people use to read
emotions in order to appeal to humans’ social nature.
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FIGURE 8. Edge/fog computing in classroom.

TABLE 8. Literature study on edge/fog computing.

2) Personalized Learning Options: Robots now possess
sufficient autonomy to engage in one-on-one interactions
with children.

TABLE 9. Literature study on robotics.

3) Affordable Teaching Alternatives: The urge to teach
more pupils has increased due to teacher shortages, but robots
are reducing some of the burden.

Robotics has been become more essential for classroom
architecture. It performs as classroom assistant to deliver the
artificial task. With the help of Table 9, Major parameters
have been covered in terms of limitations and scope of it.

G. DRONE/ANTI-DRONE
The education sector has been quick to recognize that drones
are altering the landscape of several businesses and that their
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FIGURE 9. Robotics in classroom.

students must comprehend and become familiar with the
future if they want to succeed after graduation. Middle school
drone education initiatives encourage kids to pursue their
curiosities and ask key questions as they learn about STEM
ideas. If a drone does not take off, its creators can consider
why and perhaps start to comprehend the factors that cause
their craft to hover.On the other side, anti drone has vital
role where unwanted drones and unmanned aerial vehicles
are detected and/or intercepted by anti-drone systems (UAVs)
[20]. They are used to guard locations like airports, vital
infrastructure, sizable gathering places like stadiums, and
military sites and battlegrounds.There are some four major
aspects which are covered using drone technology in educa-
tion sector.

• To teach mathematics.
• To spread knowledge of geography.
• To teach environmental science.
• School trips are also marked.

Basically, architects use drones for gathering architectural
information [124] in the form of images and other segments.
This approach will focus on the section of classroom archi-
tecture where it helps the particular angles of classroom. This
literature will help to know the difference among previous
literatures in Table 10.

H. AUGMENTED REALITY/VIRTUAL REALITY
India’s higher education system is about to experience an
intriguing inflection point. Digital technology is already
increasingly being used in educational settings. Higher
education is currently being pushed into the experiential

TABLE 10. Literature study on drone.

sphere by the forces of augmented reality (AR) and virtual
reality (VR).
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FIGURE 10. Drone technology in classroom.

AR/VR in higher education has the potential to change
learning possibilities in the classroom and boost student
results while also engaging students creatively and preparing
them for new opportunities. In between,major discussion is to
establish the importance of AR/VR in classroom environmen-
tal pattern. The following Benefits of VR and AR in Higher
Education is student learning outcomes.

• Learning becomes immersive and experiential using
AR/VR.

• Students’ memory retention is improved as a result.
• It is very helpful to students who have learning chal-
lenges.

• For easier understanding, it breaks down and clarifies
difficult subjects and ideas.

• It encourages pupils to learn for themselves and be
independent.

• It is an excellent training tool that gives students con-
fidence. It makes distance learning fascinating and
engaging.

The traditional learning process could soon be affected by
augmented reality (AR), which might give students access to
additional digital knowledge on any subject and simplify dif-
ficult information. In this fast-paced environment, using AR
animated content in lessons could hold students’ interest.AR
inspires kids to learn. Students would have an extra deeper
knowledge of subjects if additional information, Like as brief
biographies of individuals, trivia, historical information about
locations or events and graphic based 3Dmodels, were added.
General study is covered in Table 11.

TABLE 11. Literature study on augmented & virtual reality.

I. DIGITAL TWIN
Learning science research throughout the years has shown
a variety of characteristics of effective teacher-student
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FIGURE 11. Augmented reality & virtual reality in classroom.

interactions that result in positive results for students like
enhanced learning, higher self-efficacy, and more student
voice in the classroom.A digital twin is a virtual represen-
tation of an object or system that spans its lifecycle and
is updated from real-time data that is created through sim-
ulation, machine learning, and reasoning.A significant and
growing field of study that has enormous potential to enhance
training is classroom sensing. Automated pedagogical pro-
fessional development systems can attend every class and
record minute information of every student, complementing
professional observers the current best practice.

Digital twin is dynamic representation of physical system
of classroom so literature is done on various aspects of virtual
representation as described in Table 12 where accessibility
of the devices and creativity may be increased through this
study.

J. DEEP LEARNING
On the other side, deep learning is encouraged by teachers as
points mentioned here:

• Demonstrating a keen concern for the subject.
• Highlighting the subject’s structure.
• Focusing on and providing enough time for important
ideas.

• Addressing the misconceptions of the kids. Encouraging
active learning among students.

• Utilizing evaluations necessitates thought and the inte-
gration of ideas.

• Connecting fresh content to knowledge and understand-
ing of the pupils.

• Allowing errors to be made without repercussions and
praising effort.

FIGURE 12. Digital twin in classroom.

• Assessing announced target learning outcomeswith fair-
ness and consistency, building trust

Deep learning provides students with the advanced learn-
ing skills to deal with a real world and to encourage for
valuable knowledge in education sector that really make
sense. Some studies have been captured in Table 13.

K. BLOCKCHAIN
The term ‘‘blockchain’’ wasn’t very common a few years ago.

These days, the financial industry uses it a lot. The
phrases blockchain and cryptocurrency have occasionally
been used synonymously.Blockchainis also utilized in educa-
tion industry as decentralized ledger. The use of blockchain
in education has two advantages: data security and data pro-
tection even in the event of a compromised node. During
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FIGURE 13. Deep learning approach in classroom.

the outbreak, the education industry reacted fast to digitiza-
tion. Blockchain technology has the potential to completely
alter this business [20], [121], [122], [123], [124]0. First and
foremost, blockchain has the potential to significantly alter
student-teacher collaboration and academic record manage-
ment. The distributed ledger technology of blockchain has the
potential to have a significant positive impact on the trans-
parency and accountability of the education sector.Various
methods of blockchainisaffecting the Education Sector so
here these are as mentioned:

• Smart Contracts for Courses and Assignments
• Degrees, Report Cards, and Paperwork
• Incentivization of Education

• Streamlining Fee Payments
• Universal Access and Lower Cost
Blockchain has the capability to transform how academic

information is managed, and how teachers and students both
may interact. Apart from this, blockchain’s distributed ledger
technology has major potential to have a good impact on the
transparency as well as accountability of the education sector.
These issues are covered in Table 14.

L. BIG DATA
Big data is a catalyst for the informationization of education,
and wisdom education built on a big data environment will
be a weapon in the classroom [125], [126].The intelligent
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FIGURE 14. Blockchain technology in classroom.

TABLE 12. Literature study on digital twin.

interactive system gathers educational big data using data
mining technology, examines the issues that students face
while studying and their level of knowledge retention, and

TABLE 13. Literature study on deep learning.

then gives them accurate learning results analysis data.Many
systems and platforms currently gather a lot of information
about the learning process from students in the background,
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TABLE 14. Literature work on blockchain technology.

examine the consequences of applying specific examples in
the classroom, and monitor the results of test-based instruc-
tion.

The physical platform for data storage and computation,
the supporting platform for data gathering and sorting, and
themanagement platform for data analysis and processing are
all connected through big data applications. Data links every
component of the smart education system.The main point
with big data such as how to use big data in education so data
existed before computers, but technology has undoubtedly
accelerated the daily production of data. Complete literature
produces at least 2.8 quintillion bytes of data every day thanks
to mobile devices, the internet of things (IoT), social media,
and other information sources!

This amount of data is obviously too complex for con-
ventional methods to acquire, store, and handle. A data
management programmer can help with that. The appropriate
software will combine all of your required data sets and
present them in an intuitive dashboard. It has some following
advantages over education:

• It helps to find answer of hard question.
• It is very quick
• It is accessible
• Time saving methods

During pandemic, education faced real issues and chal-
lenges. At the end alternate solution was online classes and
online study whereas large amount of data was produced
through online course. Related work has been described in
Table 15. To indentify the importance of big data in online
classroom is explained in Table 15.

TABLE 15. Literature study on big data.

M. EXPLAINNABLE AI
Because of a combination of procedures and techniques
known as explainable artificial intelligence generation and
their output with consequences of machine learning algo-
rithms may now be understood and accepted by human users.
This complete procedure is known as explainable artificial
intelligence (XAI). An AI model, its anticipated effects, and
potential biases are all described in terms of explainable AI
systems utilizing AI in education (AIED) may also employ a
variety of sophisticated AI techniques to develop the crucial
interface for the learning process. As we show in this figure
as input considered (x) and at last method for explain abil-
ity.While larger uses of AI and the function and need for XAI
in education have a lot in common (such as accountability
for accuracy, fairness, and privacy management), XAI in edu-
cation has specific needs, and the nature of its data presents
specific obstacles. Especially learning and reasoning about
such data is noisy on many different levels since data includes
numerous sources of noise. Here few outlines are covered in
Table 16.

While larger uses of AI and the function and need for XAI
in education have a lot in common (such as accountability
for accuracy, fairness, and privacy management), XAI in edu-
cation has specific needs, and the nature of its data presents
specific obstacles. Especially learning and reasoning about
such data is noisy on many different levels since data includes
numerous sources of noise. Here few outlines are covered in
Table 16.

N. EXASCALE COMPUTING
Exascale computing is a new level of supercomputing that
can serve the massive workloads of convergent modelling,

24196 VOLUME 12, 2024



K. Joshi et al.: Exploring the Connectivity Between Education 4.0 and Classroom 4.0

FIGURE 15. Big data technology in classroom.

FIGURE 16. Explainable AI in Classroom.

simulation, AI, and analytics with at least one exaflop of
floating-point computations per second. Here, exascale com-
puting is the current challenge to define new education policy
and certain guidelines.

Exascale computing allows improved major scientific
applications and better prediction accuracy for future study so
Table 17 elaborates the significance work in education field.

IV. FINDING
In new education classroom system, mostly students are fac-
ing problem during the class assessment, placement driven
approach, self assessment pattern etc. Among all these things,
classroom architecture and teaching skills must be consid-
ered. This study helps to create a big margin and gives better
idea to know the education system with respect of architec-
tural vision and find the gap between teacher and student.
Here we enlist the some major finding in classroom are as
mentioned:

• Technology intervention in multiple modes of class-
room and skills upgraded to the new innovation of
classroom 5.0.

• Maximum technologies discussions are made to identify
the gap between education systems.

• Better understanding among student’s entities and their
coordinator.

• Classroom atmosphere and architecture revolution 2030.
• Considering few parameters like attendance &feedback
system, evaluation process and strategically approach in
new generation.

• Explainable Artificial Intelligence (AI) has emerging
role in classroom area.

• Major discussion on various 15 technologies and con-
sidering the multiple aspects of classroom architecture.

V. DISCUSSION AND RECOMMENDATION
As The emphasis in constructing a modern 21st century
classroom changes to developing an interactive and dynamic
learning environment. Peer learning takes center stage, con-
verting the instructor’s traditional function into a facilitator of
active interaction. Students are taught to study systems criti-
cally and implement real-world solutions rather than simply
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FIGURE 17. Exascale computing in classroom.

FIGURE 18. Metaverse technology in 2030 classroom.

taking notes. Figure 18 depicts a modern classroom design
that allows for flexibility, allowing teachers to move freely

and adjust to student needs. Key Elements of a Contemporary
21st Century Classroom Design are as follows:
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TABLE 16. Literature study on explainable AI.

TABLE 17. Literature study on exascale computing.

• Encouraging peer learning among students to promote
cooperation and active involvement.

• Transforming educators into engagement and learning
facilitators

• Encouraging critical thinking while assisting pupils in
analyzing and resolving issues in the actual world.

• Creating flexible, mobile learning environments that
foster active involvement

• Using technology from the metaverse and virtual class-
rooms to improve learning experiences

• Utilizing cloud-based storage, collaborative projects,
and libraries to create efficient tutorials and educational
content

The findings basically elaborate on the learning outcomes and
teaching satisfaction among the students, so these points are
described:

• Learning Outcomes: Traditional Classroom: In tradi-
tional settings, factors like class size, teacher-student
interaction, and the availability of resources all have an
impact on learning outcomes. Standardized testing is a
common assessment method.

• CLSR4 Classroom: CLSR4 environments often facili-
tate personalized learning experiences. The integration
of AI, virtual labs, and adaptive learning platforms can
cater to individual student needs, potentially leading
to more customized and effective learning outcomes.
Teacher Satisfaction: Traditional Classroom: Teachers
in traditional classrooms may find satisfaction in the
direct interaction with students but might face chal-
lenges in catering to diverse learning styles and adapting
to technological advancements.CLSR4 Classroom: The
introduction of advanced technology can enhance teach-
ing methodologies, providing teachers with innovative
tools and resources. However, there might be a learning
curve and initial challenges in adapting to and managing
these technologies.

VI. CONCLUSION
This study brings to light the transformative potential of
merging Education 4.0 and Classroom 4.0 in our pursuit
of reasonable, high-quality, and lifelong education, support-
ing the Global Agenda’s Sustainable Development Goal 4.
Digital technology is causing a dynamic shift in the mod-
ern classroom, and both the potential and the challenges
are glaringly obvious. To find pertinent studies in this area,
a thorough literature search using the keyword ‘‘Education
4.0’’ was conducted in this situation. The required filters
were applied, and 41 articles were found and carefully exam-
ined. The next step is to do a complementary search using
additional similar keywords in order to uncover research
that did not explicitly include the ‘‘Education 4.0’’ term.
The gaps in the literature are identified after the findings of
these two searches have been analysed and interpreted. The
investigation highlights the influence of various technologies
on the current classroom framework. It presents its findings
in two key aspects. Firstly, a comprehensive review of exist-
ing classroom practices uncovers their limitations. Secondly,
it explores how emerging technologies like the metaverse
can revolutionize smart education and online systems. This
detailed analysis delves into crucial elements of classroom
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architecture, encompassing the Internet of Things (IoT),
machine learning, artificial intelligence, cloud computing,
blockchain, digital twin, and exascale computing. Further-
more, it illustrates the practical implementation of these
methodologies, offering viable solutions to issues related
to student engagement and enthusiasm. This shift antici-
pates a future where contemporary classroom methods will
be replaced by state-of-the-art, metaverse-driven educational
institutions. The author’s contribution is aligned with con-
cepts such as education 4.0 and classroom 4.0, in addition to
supporting sustainable development goal 4, which prioritizes
ensuring quality education for future generations.
Conflicts of Interest: The authors declare no conflict of
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