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1 Introduction
Smart College is a technology-enhanced campus with classrooms that simulates the chances

for learning, and education by combining advanced methodologies of learning, such as computers,
automated software, voice recognition technology, networking, and devices with audio, and visual
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capabilities, etc. [1]. Authors [2] hypothesized behavior recognition, deep learning, artificial
intelligence (Al), and computer-based educational theory to conceptualize a system as part of
future smart classrooms. Therefore, a smart college is one of many practical solutions used in a
smart campus [3].

1.1 Higher Education
Higher Education plays a significant role in acquiring students with the necessary skills,

activities, and knowledge to align them with their careers. These skills, and activities are designed
to help them to attain success in academics and become involved in extra-curricular activities
within the university that visualize a fulfilled career in the college. The relationship between
society and education is frequently suggested to be one-way in nature where the education is
anticipated to be fit within the trends of economic, and political factors. Understanding this general
connection between the structures of education, and the socio-economic factors help students to
form a prediction for higher education in the future connected with the fourth industrial

revolution.

1.2 History of Higher Education
In the past decades, evaluation of the higher education system has gone through massive

changes with the following stages; such as elite, mass, and post-massification. All the stages are
discussed in the following.

Higher education has intensive origins from the starting of the sixth century in monastic
schools. It is later developed towards the medieval European University in Bologna in the year
1088. This mainly focused on the fields of theology, and philosophy, and then further advanced
towards the current education system, which is technologically advanced. In this development,
universities advanced from being teaching, and learning centers, to incorporate research, and
development to serve society. During this process, university education was provided for tiny elites.

The relation between educations as a right for the private/public results in the formation of
‘massification’ in the late twentieth century. According to this, higher education has to be provided
to many people. During this era, higher education generated provocation in a large manner in
terms of various factors such as the shape, and size of the systems, the designs of curriculum, the
structure of the organization, the methodologies in the following pedagogy, the modes of delivery,
the patterns of research, and the connection between institutions, and other communities from the
external entities, etc. The main goal of this mass system targets the exchange of skills and planning
for different kinds of contributions to technical, and economic platforms.

Higher education has slowly improved from elite-phase to mass, and then to the stage of
post-massification. Many advanced and some of the economies of developing countries
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implemented this phase. Another main characteristic of this phase is making both the students and
staff members internationalization. At present, the main goal of many countries is to make the
number of students to be increased to make a change in social, and technological factors.

The fundamental goal of higher education is common in every era. The main aim of higher
education is to make sure that the quality of learning can be achieved through quality teaching, to
adopt the students for obtaining the latest facts or information through the investigational form of
research, and to encourage the expansion of the public as a service.

e Teaching

One of the most important tasks of each university is to educate the students. Hence, it is
more important to implement the most suitable strategies in teaching and to arrange the work in a
way that promotes the process of learning. This has consequences on adapting the programs of
learning, better experiences in learning, and implementing the learning attitude lifelong.

» Research

Maintaining the competition among institutions of higher education needs to follow a huge
amount of works in the research. These works pave the way for the adoption of new technology for
the process of collaboration, and cooperation globally.

* Service

To maintain the position obtained through the competitions among the higher education
system throughout the world, a rapid improvement in educational services is necessary.
Specifically, more innovative competition should be introduced into it.

1.3 The Fourth Industrial Revolution
The fourth industrial revolution is directed mainly by the application of Al, and physical

systems based on cyber platforms [4]. The first industrial revolution was stimulated by Newton
while forming his laws of motion. The main theme of the first industrial revolution relies on the
working, and production of design stem engines that are mechanized much since work was being
done by humans. The second industrial revolution was stimulated by Faraday and Maxwell when
the electric and magnetic forces were invented by them. This revolution leads to the invention, and
generation of electricity, motor running in electricity, etc. The inventions invented in this
revolution came to influence numerous industries. The third industrial revolution was stimulated
when the transistor and its devices were formed. These inventions get hold of the electronics era
which acquired us the era of personal computers and the Internet. The fourth industrial revolution
accelerated by the 1oT will revolutionize all the industries gradually.
2 Literature Review

The implementation of advanced technologies in the field of education leads to different
solutions to enhance the performance of both students, and teachers. Authors [5] used a sensing
technology based on RFID for the benefit of students and faculty. In their method, various
processes such as tracing, discovery, smart lecturing hall, laboratory-based on smart equipment’s,
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room certainty, attendance-based smart devices, etc. were highlighted. Authors [6] highlighted the
significance of applying big data and its application in fabricating smarter universities. They
scrutinized how big data is applied to help to generate smarter universities. Authors [7] examined
the benefits of using RFID and wireless sensors in the evolution of smart universities. Authors [8]
depicted that the enhancement of pervasive computing-based technology and wireless-based
communication makes the smarter campuses to be used by the faculty, and students.

The combination of RFID, wireless sensor networks, and 10T are anticipated to be the critical
parts of smart colleges. Teaching based on smart technology provides a better transmission
between educators and students. It also gives inexpensive education with user satisfaction and
fulfilling the expectations of a learner. From their review, it can be identified that loT-based
technologies are expected to achieve notable improvements in a smart college and pave the way for
smart universities. Authors [9] analyzed the work done by two groups of 25 learners who were
enrolled in the same course. Among these learners, one group was trained using traditional
learning methods, and the remaining learners are trained by methods based on loT. After
performing various analyses, and tests, it was found that the loT-based technologies applied in
educations works as tools for supporting, and enhancing the teaching process. The academic
performance of students is also improved. Authors [10] proposed a smart learning-based model
using the combination of 10T, and e-Learning strategies. The main aim of this model is to propose a
smart teaching strategy by combining smart techniques, and smart learning.

Authors [11] have explored different techniques for applying AR to educational exhibits, and
this project was developed at the Human Interface Technology Laboratory in New Zealand (HIT Lab
NZ). These educational exhibits have received very positive feedback, and appear to have
educational benefits involving temporal, spatial, and contextual conceptualization, and provide
kinesthetically.

There is an AR/VR application for engineering students to teach them graphics courses, so
this application was developed by authors [12]. This application is based on tangible, virtual reality
(VR), and augmented reality (AR) models, to help many students better understand the 3D objects,
and their projections. This application can serve as effective learning aids for engineering graphics
courses. Besides, there is another application which is developed by [13] based on AR and VR
technologies. Through this application, students can breed their own virtual caterpillars on host
plants using this application installed on their smartphones.

There is an application for pre-school children to teach them English pronunciations, so this
application has solved the problem of non-native-English students, and teachers’ non-standard
pronunciation. This application was developed by authors [14]. This study has found that the
students learning with this application had greater learning achievement than others.

2.1 Big Data, and 10T, and Education
Identify applicable sponsor/s here. If no sponsors, delete this text box (sponsors).
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Incorporating big data, and 1oT in a normal lecturing hall can be converted into a smart
classroom. To make students get prepared for an environment based on fiddly learning, a lecturing
hall must assist creativity, expository thinking, conveying, and cooperation. Tools that allow
technology for students can be adopted with audio-based, text-based, and images-based
technology for providing a chance to create more advanced skills in thinking [1-54]. They enable
the professionals of e-learning to incorporate the experience of E-learning to provide the students
with more illumination knowledge and promoting the courses. They also listen, and analyze the
speech, image, conversations, movements, behavioral activities, etc., for reaching an endpoint
about the presentation of teachers, and the satisfaction of learners. This provides an opportunity
for the educators to convey their presentations in a better way, and to make learners get satisfied
with them. The incorporation of 10T in E-learning shows various magnificent challenges in the
learning process by making the standards of education reusable, inter-exchangeable, adaptable,
etc. It authorizes the adaptability of communications using internet-based, and altered the higher
educational institutions extremely. 10T comes up with a more attractive environment for learning
and providing more detailed information about the process of learning to assist educators to
increase their learning knowledge, and to reduce the difficulties in the learning process.

2.2 VR, and AR, and EduScation
The concepts of VR and AR are not new technologies, available since the early 1990s in

education environments [15]. Virtual Reality (VR), and Augmented Reality (AR) may change the
method by which people interact with technology especially in the education environment. These
techniques can merge virtual worlds with real life, giving huge opportunities to provide education
with a new concept based on VR and AR. VR technologies play a big role in developing learning
platforms in general and will define the features of E-learning in the future. Using these
technologies provides a customized learning process for the students according to their abilities,
and performance. Some learning approaches have been transformed into an interactive digital
system that is more flexible and takes into account individual differences between students. AR and
VR can support kinesthetic teaching [16].

Also, there is an increase in the use of virtual reality and augmented reality technology
during student's interaction with the material to improve and enhance the assimilation process in
learning [17]. These technologies allowed the development of interactive virtual laboratories for
conducting physical, and chemical scientific experiments, mathematical modeling, analysis, and
display of the results in graphic images directly from the computer without the need for real
laboratories.

1) Advantages of Virtual Reality, and Augmented Reality

Virtual Reality and Augmented Reality are immersive tools for learning. They can play a
unique role in addressing some educational difficulties [18, 19, 20]. There are some advantages of
using VR, and AR in the education environment. For instance, VR, and AR have led to increased
student engagement with their courses, and these techniques have increased the repetition rate of
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authentic learning experiences. Therefore, VR and AR have enabled many students to exercise
creativity [18].

AR and VR technologies can display things, and convert them into 3D models. Also, these
technologies have provided virtual examples, and various play elements to support many textbook
materials. Therefore, these technologies are making educational content more understandable, and
easier to remember. This helps many students to add more interaction to the explanations during
the lesson, captures students' attention, and keeps them occupied throughout the lesson. It is
worth noting that the use of augmented reality technology is not limited to a specific age group or
educational level, but can be used in all levels of education. From pre-school education to college
education [21-25].

On other hand, the practical learning process in some subjects may be facilitated by using
VR which is more valuable, and realistic to many students embarking in the practical range than
the traditional way of teaching [26, 27].

2.3 Using Virtual and Augmented Reality Effectively in Classrooms
To get the best out of both real, and virtual worlds, teachers are advised to maintain a

balance between using augmented reality in education, and traditional learning by:

e Technology selective use:

The teachers may make some decisions based on plans about the topics, which will be
presented to their students in the classroom. Therefore, using appropriate technology that is based
on some of the components of virtual reality is very important for complex or technical materials
that are difficult to understand with traditional learning methods.

 Provide supplementary educational materials:

Teachers may provide their students some additional resources to increase their learning
outcomes. For example, conducting group discussions, question-and-answer sessions by using
virtual, and augmented reality to enhanced educational content materials.

e Focus on Exclusivity:

The teachers used VR, and AR to create unforgettable lessons. For example, use virtual, and
augmented reality to travel to historical eras. Also, use these technologies to recreate hard-to-
reach locations.

» Take advantage of existing applications

Some teachers are keen to educate their students on the use of free applications that rely on
virtual, and augmented reality technologies. These applications are designed to be easy to use to
help them understand some subjects such as mathematics, science, and history.

e Expanding into the different areas, and skills

The teachers may not restrict the use of VR and AR technologies to a specific group of topics,
and consider their potential in any topic they deal with.
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2.4 Wearable Technology
Using wearable technology in education may assist students and teachers in the near future.

Therefore, some universities and libraries around the world used wearable technology such as
glasses, clothing bracelets, and watches [28]. Authors [29] mentioned that the wearables devices
would be growing the relationship between technology, and people [30]. In the same context,
mobile learning became integrated with everyday life [30]. Google Glass is the most popular
wearable device. Therefore, this kind of wearable device presents some information in a
smartphone without using hands to allow people to interact with the Internet via voice commands
[31]. Authors [32] mentioned that wearable devices might change human-centric interaction with
computers. Authors [33] mentioned how to create user interfaces as "micro-interactions” to fit
people’'s lifestyles.

2.5 Cloud Computing in Education
Cloud computing has been used in many aspects, for example, health, educational,

industrial, and commercial. Therefore, cloud computing is used in education to assist teachers
administrators and students in the same context. Cloud computing technology may allow many
students to access their homework when there is an internet connection. Also, cloud computing
technology lets some teachers upload learning subjects, and easily collaborate with their students,
so this saves money on data storage [35, 36]. There are two ways of using cloud computing in an
educational environment. First is taking some services from third parties such as Amazon, Oracle,
and IBM so on. The second is developing a new cloud platform in the educational society (students,
and teachers) using current working systems in that society [35].

2.6 3D-Printing Technology, and Education
3D-printing technology is a relatively new tool, so this kind of technology can be used in

some scenes in the educational environment [36-37]. There are three ways of using the 3D-printing
technology in the education environment. Firstly, 3D printing technology may be used to reproduce
existing manipulatives, and it is possible to add extra features to it. Secondly, the development of
manipulatives and happens when it activates the cooperation between teachers and their students.
Finally, many students may develop some 3D-printed objects by themselves, so this concept is
called inquiry-based learning [38-53].

2.7 Higher Education in the Fourth Industrial Revolution
Wearables-assisted teaching, learning, and training are some of the most important

outcomes of the fourth industrial revolution in education. At present, smart colleges are comprised
of these technologies. The wide variety of wearable devices manufactured recently specifies the
advancement of technology. Educational institutions have to understand and apply these wearable
devices in the education system to transform the process of teaching, and training the students.
During the fourth industrial revolution, when the evolution of cyber-based physical systems

become a new technology, numerical deception plays an essential part in both fields of education
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and its practical-based applications. Within this domain, the Finite Element Analysis (FEA) is the
most important technique, which can be applied in various fields of engineering such as buildings
analysis [5-7]. Improvements in FEA are done with the help of computers. Due to these
enhancements, the key concepts can be easily understandable to the students. This improvement
also paves the way for engineers for conducting complicated simulation-based problems more
easily. However, this process has limited the processes present in the FEA in an environment that is
entirely virtual, and offline. Due to the advancement of a wide variety of wearable devices, and
their technologies such as the Augmented Reality (AR), sense, interaction, and recognition of users
can be realized. AR can be an addition by making the computer-generated information as real-time
classrooms.

3 Design of the Smart College based on the Fourth Industrial
Revolution

The smart college based on the fourth industrial revolution emphasizes the implementation
of 10T in higher education. This is done to signify pave the easiest path for the interactivity among
the students, and the teachers for generating a smart-based academic environment. It proposed an
architecture for the combination of IoT and smart education that mainly focuses on all the various
challenges and issues shown in the previous sections. This architecture outfits interoperability,
maximum reusability, and scalability, etc. The architecture must be pliable in nature hence, that it
can be easily modified, and incorporated to be modified based on the needs of the future. Figure 2
shows the schematic representation of a smart college for delivering a smart education. This
comprises smart learning techniques, smart teachers, smart classrooms, smart learners, and smart
education. Smart education highlights the principles of focusing on better education. This mainly
focuses on the necessity for smart pedagogies as a methodology for the environments, which are
focusing on smart learning. This also maintains the goals of education to produce smart learners.

Nowadays, IT has evolved as a vital part of education. Recently, the techniques based on E-
learning have expeditiously developed with its various types [39-41]. Learning Management
methods such as conventional, online, and workplace-based, etc. can be utilized by everyone for
the process of learning, and writing the examinations [42-44]. E-learning becomes an important
source for a faculty in which he/she can handle the teaching process. This can be the easiest
method of acquiring the materials of teaching for most of the students. It is can also connect the
instructors as well as the students. The instructor/lecturer can manage the examinations online.
He/she can assess the performance of students and can notify the students of their respective
grades. However, using some devices underpinning the fourth industrial revolution is further on
the use of computers and e-subjects. This should be compatible with the learner-centered
approach. Therefore, this will be effective in enhancing students learning experience [45].
According to Chang [46], E-learning is more effective when there is a direct relationship between
the technologies with people, by using online face-to-face learning in a collaborative method, and
flexible manner. Technology innovation relaxed various constraints that are present in the
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teaching. Open online courses are in the form of education, which provides teaching, and other
related instructions by standalone [30]. However, there are many advantages present in the online
learning. The expense in hardware setup, its maintenance, security, and threats makes hurdles in
its effective implementation.

Figure 1 depicts the interaction between various smarts components within the smart
college. In this figure, the first layer consists of smart learning, smart teaching, and smart
classrooms. This layer usually employs the recent technologies in the fourth industrial revolution
to work intelligently. The second layer consists of students that form the outcome of the previous
layer. These students are denoted by smart students as they are harnessed with the smart
environment. Finally, all of these components form the smart college. The subsequent sections give
more details about each one of these smart components.

Smart Learning Smart Teaching Smart Classrooms

k.

»  Smart Students |«

!

Smart Department 1 Smart Department 2 Smart Department 3

!

Smart College

Figure 1: The interaction between smart technologies, and smart colleges.

3.1 Smart Learning

Smart learning (S-learning) is an advanced form of education. It defines a new paradigm for
learning that perform the students to have an environment, which is more effective for learning. It
also offers a personalized technological environment for learning with the applications of
computing-based systems. This smart learning offers the following features for the learners.

(i) It focuses on content of learners based on advanced computing-based technologies

(i) It is an intelligent-based effective, and tailored learning methodology based on advanced

infrastructure of Information technology.

3.2 Smart Teaching
Smart teaching makes the potential involvement of teaching organizations to use the

software tools for the activities involved in the teaching, and learning process. In general, it is the
process of enhancing the quality of teaching, its experience, and learning. Smart teaching has
technologically advanced classrooms with a set of tools that are teacher-centric in nature. It also
permits students to apply the advantages of the internet in the teaching as well as the learning
process. It has a variety of different teaching strategies, and it defined how to apply smart
technologies in the classroom.
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3.3 Smart Classroom
A smart classroom is a form of capability or creativity learning which facilitates the teachers

to make information technology an integral segment of the education. A smart classroom is able to
cause an important change where the customary teaching can be converted to a digitalized manner.
Activities of the learner should be linked with the subject along with the applications of the real
world. The smart classroom should also be categorized as a place with the combinations of various
loT-based devices, and its solutions that provide the way for learning analytics solutions, learner-
centered teaching, and providing more personalized collaborative, and creative learning strategies.
The strategy of a smart classroom for E-Learning consists of co-dependent, and interrelated
components. A smart classroom makes the learners adapt resources that are digitalized and can be
interconnected with the learning-based systems. It should also provide active and necessary
guidance for learning, tools for supporting the suggestions for learning in the right form, right
place, and at the right time. The smart classroom design based on the fourth industrial revolution
should support the techniques based on audio-visual contents, projectors, smart boards in order to
promote communication among instructors, and students. Moreover, it should teach how to access
the data through more common devices, such as laptops, tablets, and smartphones. The smart-
based campus system proposed in [31] comprises three parts such as loT-based software, and
hardware, gateway based on 10T, Network, and Cloud. In addition, there is a good application that
is used in classrooms, so this application is an interactive whiteboard. This may assist the students
to have a clear picture of their subject. Also, this has increased the learning effectiveness [55-59].

3.4 Blockchain
The core concept of blockchain is quite simple. It is a collection of information stored in the

database in a structured format. This structure simplifies the filtering and searching of data.
Blockchain has a similar structure in which data is stored in the form of chained blocks [47, 48, 49].
An important feature of blockchain is a decentralized nature which enables an irreversible timeline
of data. When a block is added to the chain, it is given an exact timestamp. This behavior of
blockchain makes it robust in protecting data as each node in the chain is uniquely identified by its
neighbors, and its timestamp [50, 51, 52]. This technology is suggested to be employed in
protecting the transmitted information among the smart actors of the smart college as depicted in
Figure 2.

3.5 An Integrated Framework of Smart College
The Fourth Industrial Revolution is characterized by a set of modern technologies that

depend on digitization with each other, and that directly affect education, thus this paper
summarized, and designed a theoretical framework for the most important technologies in building
smart colleges that depend on the techniques of the Fourth Industrial Revolution. Such as artificial
intelligence, computing systems, virtual reality, the Internet of things, 3D printer, wearable
technologies, etc., to achieve digital transformation in the field of learning, and education.
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Figure 2: Schematic representation of a Smart College

Smart colleges based on the fourth industrial revolution offer many advantages. Firstly,
creating an effective teaching model, and moving towards cooperative education. Secondly,
achieving distinction, and competitiveness in the midst of intense competition in higher education.
Thirdly, raise the value of higher education, and improve the overall quality of education. Fourthly,
moving from the stage of acquiring knowledge to the stage of employing it to deal with real
problems. Fifthly, empowering the educational, and administrative team with a new set of
educational, and administrative capabilities. Finally, increasing productivity, and reducing
operating costs.

4 System Analysis

The analysis is presented in terms of the use-case to show the functionalities supported by
each component in the proposed system. The main components of the proposed system are 10T, 3D
printing, cloud computing, Big data, VR/AR, and wearable technologies. It worth noting that the
data, and communication between the smart college controller, and the other components in the
smart college is performed in terms of blockchain-protected data exchange.

Figure 3 depicts the proposed functionalities of the 3D printing component in the smart
college. These functions consist of receiving a command from the smart college main controller to
do a printing job. Once a command is received and confirmed, the printer starts doing the job, and
at the end of this job, it sends a notification to the main controller.

In addition, the main functions included in the big data component are shown in Figure 4. In
this figure, a similar function is included which is the ability to receive a command from the main
controller of the smart college. Another important function in this component is the analysis of
data. This function includes both data processing and filtering in addition to the storage of the
analyzed data, and decisions to be used later by the smart college.
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Figure 3: Usecase diagram for the 3D printing component.
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Figure 4: Usecase diagram for the big data component._

The main functions of the cloud computing component are depicted in Figure 5. Besides the
function of enables this component to receive commands from the smart college, there is another
function that is responsible for running cloud services when triggered by the received command.

Blockchain
) — decryption
__<<include>>

Receive
command

@
—
Connect to /w
® the clound
Smart College

I
<<include>>

Cloud Computing |

Agent

Figure 5: Usecase diagram for the cloud computing component.
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On the other hand, the usecase of the loT component of the smart college is shown in Figure
6. The main functions of this component include the capturing of data from a set of sensors
installed to collect continuous streams of data. In addition, this stream of data is used in the
analysis phase to get convenient decisions based on the collected data. Moreover, the component
incorporates the calibration function to ensure the consistency of the collected information.

Capture data <<include>>=—
Store

° i . data
_<<include>>
Analyze
data -
<<include>>,

Sensors

calibration

Filter data ®

loT Agent

Smart College

Figure 6: Usecase diagram for the IoT component.

Another important component in the smart college is the VR/AR component which is shown
in Figure 7. The main functions of this component include the display function which can be
activated based on the received command from the smart college controller. This function consists
of the displayed object calibration for the augmented reality scenes in addition to the data analysis

Blockchain
decryption
-

<<include>>
- -

Receive ®
command w
® Anlayze
data Smart College
<<include>>
Display
VR/AR scene
Object
calibration

Agent :<include>_>_
Figure 7: Usecase diagram for the VR/AR component.

to adjust the displayed scenes in both VR and AR.

Wearable technologies represent an important component in the proposed smart college.
The functions of this component are shown in Figure 8. As mentioned earlier, this component is
composed of all wearable components that can be used to measure or collect data, such as
smartwatches, and smart glasses. The technologies in these devices are also connected to the smart
college, and thus can be used to collect data analyzed, and resulting in decisions. As shown in the
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figure, the proposed functions of this component are the receiving of the command from the main
controller of the smart college similar to the other components. In addition, it consists of a
function to collect information for the wearable components to be used by the smart college, such
as recording the attendance of students.

Blockchain
decryption

<<|nc1ude>>

Receive @
command
o Anlayze
data Smart College
<<include>>
Capture
Wearable Tech data -
Store
data

Agent <<inclu de>i
Figure 8: Usecase diagram for the wearable technologies component.

5 Conclusion
This paper presents a novel approach for smart college architecture. This architecture is

based on a set of smart actors including smart learning, smart teaching, and smart classroom. Also,
it employees the most recent technologies forming the basis of the fourth industrial revolution.
These technologies are cloud computing, loT, 3D printing, virtual/real reality, and artificial
intelligence (Al), and wearable technologies. Besides, the application of blockchain is presented as
an efficient method for protecting the data transmitted between the smart actors in the
architecture of the smart college. The proposed architecture is based on a detailed review of the
current issues, and directions for the smart college based on the fourth industrial revolution. The
combination of 10T and Al-based smart college provides an automated real-time environment such
as an open learner model to enhance the education system. The various building blocks of the
smart college such as smart education, smart teaching, smart learning techniques, smart college,
etc. were broadened in detail. After the application of the methods defined in the fourth industrial
revolution in the teaching system, it is anticipated to significantly improve the quality of
education, which leads to a smart college.

6 Availability of Data and Material

Data can be made available by contacting the corresponding authors.
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