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ABSTRACT

With the current development of science and technology, big data technology, the Internet of Things (1oT), cloud
computing, and mobile Internet in Malaysia, it is time for smart campuses to be established and Higher Education
Ingtitution (HEI) should not have left behind. The smart campus is the upgraded version of a digital university,
providing a better academic environment to the lecturers and students. A smart campus enhances education, research,
design, and delivering the appropriate higher learning modules to pursue the latest devel opmentsin ICT technol ogy
that can drive future educational growth and innovation. In short, the smart university is to construct a safe and
secure, stable, environmentally-friendly, and energy-saving campus. However, so far, there is no standard smart
campus concept to follows. This research paper evaluates the student's perceptions on the smart campus from the
various application. Atotal of 912 students from local HEI have participated as valid observations for data analysis.
The results show the students have selected 11 applications as high impact based on the Relative Importance Index
for smart campusimplementation. Future work could focus on the feedback from the staff and lecturers' points of view
to propose a solid conceptual smart campus framework.

Keywords: Student perception, smart campus, higher education institution

1.0 INTRODUCTION

A traditional campus consists of educational buildings such aslibraries, classrooms, residential halls, cafeterias, student
centres, computer labs, and administration offices. These facilities were built to provide students with an exclusive
study environment where they would spend most of their campuslife.

Nowadays, in the Fourth Industrial Revolution (IR 4.0) era, most of these facilities are equipped with advanced
computer technology and networking to suit each university’s requirement and is called Smart Campus [5], [11].
Christopher Ziguras [2] defines a smart campus for the university’s data sharing and advances networking
infrastructure, an extension, and improvement of a digital campus. The smart campus uses a combination of the latest
technologies such as emerging technologies, the Internet of Things (1oT), embedded computing, cloud computing,
mobile applications, Big Data, smart business, and social networks. A smart campus’s primary purpose is to provide a
better academic environment for students and lecturers. Moreover, with the smart campus, the university will save costs
and improve operational efficiency. The smart campusisthe upgraded version of adigital university, providing a better
academic environment to the lecturers and students. Kwok [9] defines a smart campus as an enhanced education,
research, design, and delivery of the appropriate higher learning modules to pursue the latest ICT technology
developments that can drive future educational growth and innovation. Veeramanickam and Mohanapriya [9], on the
other hand, mentioned that the smart campuswould have an integrated campus environment in the teaching and learning
process using devel oped applications. It uses different application service systems as the carrier and mixes teaching,
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scientific research, management, and campus life. In short, the smart campus is to construct a safe and secure, stable,
environmentally friendly, and energy-saving campus.

The objective of this research paper is to evauate the student's perception on the implementation of smart campus
applicationsin higher education institutions. The outcome of this study can be used to define the smart campus concept
for higher education institutions. Hence, the research questions shall be answered through this study is; What is the
student’s perception of implementing smart campus applications in higher education institutions?

Thisresearch paper is divided into five sections and begins with the introduction. The second section is on the selected
literature review on smart campus elements and applications. It isthen followed by the third section on the methodology
adopted in this research paper. The fourth section is on the data analysis from the conducted survey. The fifth and last
section is on the conclusion and future works.

20 LITERATUREREVIEW

2.1 Thelnternet of Things(loT)

The Internet of Things (10T) is a smart technology that connects al devices and all working processes through RFID
sensors, QR Codes, real-time tracking positions for application such as intelligent identification, location, and
management of goods. By implementing |oT at HEI, staff and students can utilize laboratory resources and equipment
with the latest technology. Higher management and support levels need to learn to use the latest technology on loT
goodness. Furthermore, lecturers can also manage time with students, students, classes, and attendance systems more
efficiently.

2.2 loT in Education
221 Smart Learning

The Conservative learning environment has two major parties involved in the learning systems, the lecturers who
demonstrate and the students who observe and study. Classic teaching and learning processes required both parties to
beinasimilar place and time, which isa challenge for both parties to make themselves available [1].

The smart learning environment is an alternative solution to all of these conventional learning barriers. There are four
levels of smart learning concepts that memorize intelligent systems' recursive and sustainable existence: learning,
evauation, interaction, and analysis. The smart learning system's main determinants are considering student
aspirations, knowledgeabl e talent, and knowledge levelsto create atransparent learning environment for the lecturers
[16].

A smart learning atmosphere makes available an overall, interoperable and continuous learning architecture to
participate and exchange three primary measurements of learning resources: learning partners, learning contents, and
learning services [16], [20]. The classic smart learning environment consists of student preservation systems, real -
time learning, users distribution and assessment of ultimatums, interactive recycling lectures, and online course
materials[12].

Over the previous decades, teaching and learning have historically been restored towards applying forwarding thinking
technologies. A methodology that shows students build their performance through social networks across campus
provides a context-based foundation for instructional learning experiences. The methodology uses mobile sensing and
learning technologies with web servers built to achieve a holistic learning environment (u-learning). Instead,
additional requirement assessment in terms of student behavior and content.

2.2.2 Smart Classroom

A Smart Classroom is an intelligent class that integrates creative teaching and learning strategies with new pedagogy
into evolving technologies. This smart classroom concept’s system requirement is needed to ensure active interactions
among students and lecturersto interact virtually without neglecting the course objectives [6].

Smart classroom concepts have proven to influence internet-based learning, such as e-learning, m-learning, and many
distance education systems, or a smart environment designated with a collection of resources that interact with the
students and lecturers[23]. As part of interactive learning, smart classrooms are a place for studentsto learn and work
together. In order to achieve specific cooperative tasks, lecturers encourage students to work in small groups. In this
context, students are encouraged to guide each other to cope with difficult challenges.

Thetraditional classroom layout isall the students sat in front of the desk, and the lecturer deliverstheir presentation.
Traditional learning can be adjusted into collaborative learning in the smart classroom concept, especially when
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students need to work together in a group where the classroom layout is played a part to facilitate active pedagogy
implementation. In having proper interaction and concentration, the smart classroom creates an atmosphere that
facilitates the transformation from traditional classroom models to active classes where the layout most suitable for a
group of four to six students[24] .

Moreover, this smart classroom concept can be enhanced. All laptops, tablets, and projectors are connected to create
agateway to enable students to engage more in collaborative learning and inspire active interaction between students
and lecturers.

2.2.3 Smart Laboratories

In the laboratory, 10T is utilized to allocate appropriate time and takes full advantage of the available resources to
retains energy. For example, to enter the smart lab, students are required to have an RFID tag. All the lights
automatically switch on as entering the lab, and each student will be assigned a specific device. The system tracks the
usage of the labs and opens more labs when it is necessary. It is also able to shut down any unoccupied or suspicious
computers. Air conditioners are also automatically switched on only when the temperatures are out of range.
Eventually, generate efficient and effective lab management and power control facilities [25].

2.3 loT in Wasteand Water Management

At present, the university has seen as small towns with arrears of population, size, and exciting events, which will
impact the environment. However, most university development still fails in following the necessary guidelines in
Malaysia to achieve a sustainable environment. Besides, many of the universities that have existed in Malaysia for
decades have also faced the challenge of constructing the old building system (facilities and utility services) into the
acceptable level of sustainability needs[8].

Waste and water management are known to be amongst the essential services in buildings and universities. The use
of 10T to access these services can have a significant financial and environmental impact. Many studies on waste
management, for example, Folianto, Low and Y eow, [3], suggested that garbage and waste trucks be provided with
sensors to collect real-time data for analysis. Hence, using the data collected to plan a better cleaning schedule for
garbage collection with an efficient pick-up route to minimize travel costs.

Sharma, Singha and Dutta [13], propose a Smart bin system that determines the garbage level in the waste bin to
monitor the capacity and notify the cleaners once it is maximum depending on various forms of waste. The system
used wireless networksto collect data and transmit it to the central server. A thorough evaluation of the Smart bin has
been evaluated in the real world, where data is collected from the experimental setup to determine the extent of the
garbage volume. With thisinformation, waste management companies and cleaning services can make better decisions
to improve efficiency while at the same time lowering costs.

Smart water meter initiatives increase consumer understanding, boost infrastructure management efficiency, and
provide early warning of irregular detection of a fluid existence outside the tank and changes in pressure in the
pipeline. However, most of the proposed water management methodologies lack a standard model, a decent user
interface to manage heterogeneous nodes, and several linked pipelines.

2.4 10T in Safer Campus

Nowadays, the world is becoming smarter. The strengthening of the use of smart technology in our daily lives seems
abit overwhelming to some. On the contrary, opportunities for success and transformational transformation are thanks
to the development of smart technology. It helps us cope with problems we do not want to face and look at issuesin
our daily lives.

Like any CCTV, smart CCTV works by providing real-time surveillance video. However, where the regular camera
isonly recorded, smart CCTV can understand the feed and make sense of the recorded image,. It provides data and
algorithms that allow smart CCTV to detect specific behaviors, store them, and evaluate them.

Smart CCTV is so innovative initsintelligence that it acts as a robot with the efficiency of human thought. In away,
some see it as astep towards away of life where everything hel psthem predict future events. Sure, it isabit worrying.
However, it isfair to say that experts may compensate inmates with technology development [22].

2.4.1 Video Surveillance
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Old-style closed-circuit security cameras require physical contact with expensive switch arrangements and are almost
awkward in some areas. At Smart Campus, wherever an electrical point is accessible, the smart IP video cameras and
use wireless connections to link them could be installed. Distribute video surveillance to places that have never been
able to reach, including hundreds of meters outside the core network [28].

2.4.2 Smart Locksand Access Control

The associated keys make it easy to control who has access to hundreds of buildings on campus. Combine them with
other Smart Campus systems— smart | D card readers, video surveillance, perimeter controls— and enable monitoring
every person who comes and always goes. Use abehavior-based alarm to warn campus safety if someonetriesto enter
the building during rush hour or even if the door has been left open. In the residence hall, make sure everyone who
enters the building at night is aresident [26].

2.4.3 Tracking Assets

University can use extensive wireless coverage with location-based services for device tracking. Attach Bluetooth
feeds to projectors, TV screens, laboratory equipment, and vehicles, and specify precise locations on campus. Use
geofencing to deliver details if assets move outside a specific area[27].

2.4.4 Tracking People

Human monitoring uses similar concept of asset tracking above. Use a smart campus ID card to track students
locations in buildings during emergency exits. Alternatively, use an appropriate medical aert wrist to alert the student
to the exact location with a seizure or other medical emergency [27].

25 10T in Energy Efficiency and Cost Saving

Smart campus objectives are to monitor and manage energy (e.g., electricity, gas), water, and waste management
embrace from the fitting of loT-based services. The observation from environmental surroundings, such as
temperature, humidity, pressure, and standard lighting, directly impacts buildings energy depletion. For instance,
smart sensors at campus would control lights and turn them off immediately once there is no motion detected in the
rooms and corridors. Furthermore, smart panels will alow individuals to control and monitor utilities, especialy on
electricity and air-conditioning for the classroom based on the specific class schedule. In conclusion, thissmart campus
solution will save and sustain energy consumption over time and eventually save much money for the university.

2.6 10T in Mobile Application

M obile applications (mobile applications) are application platforms or software applicationsintended to run on mobile
devices such as phones/tablets or smartphones. Applications initially envisaged for support of competencies such as
Email, calendar, and contact databases. However, public demand for mobile applications sparked rapid growth in
other areas such as mobile games, factory computers, GPS and location-based services, order tracking, and tickets
online. So far, there are many applications presented. Mobile users usually downloaded their app from an app
distribution platform operated by mobile operating system owners, such as the App Store (iOS) or the Google Play
Store [7].

Moreover, the Mobile App can be downloaded on a mobile device and from the mobile app store or the Internet.
Additionally, mobile applications that typically assist users by connecting them to Internet services often gain access
to desktop or laptop computers or assist them by making it easier to use the Internet on their mobile devices.

Mobile application (App) is a mobile technology that has grown and been widely used al over the world. This
innovative mobile artifact resembles the mobile industry's obsol ete business model and creates new opportunities in
the mobile market.

2.6.1 Smart Attendance System

Captivating attendance is well thought-out the most time overwhelming process, particularly in classes with many
students. RFID technology enables programmatic and continuous attendance tracking for students and staff to save
time and overwhelmed human miscal cul ations although recording student attendance [15]. Smart attendance systems,
such as exclusively recognize individual students constructed on their unique tag identifiers. With such techniques,
the system can generate a report of attendees for a particular course with a data-centric student attendance database
system.

2.6.2 QR-Code
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The QR code (shortened from the Quick Speed Code) is a feature of the first matrix barcode (or two-dimensional
barcode) designed for Japan's automotive industry. Barcode is an optically machine-readable label committed to the
material that records the information associated with the item. It has initialy been original; however, his former
patentee did not choose to exercise that privilege. In recent times, the QR Code system has multiplied outside the
remarkable automotive industry for easy-to-readability and greater storage capacity associated with standard UPC
barcodes. The code consists of a black module (square dots) arranged in a square grid on awhite background [4]. The
encoded information can consist of four types of standard ("mode") data (numeric, alphanumeric, byte/binary, kanji)
or refine the connection, aimost all types of data.

The QR code is conveyed by an imaging device, such asacamera. It is algorithmically configured by the underlying
software using Reed-Solomon's inaccuracy to alow the image to be applied asinterpreted. The extracted dataisfrom
contemporary patternsin both horizontal and vertical components of the image.

2.6.3 Occupancy Detection and Tracking

This service would deliver students a campus map to contribute them direct their way everywhere on campus. For
exampl e, the map may show studentsthe least popul ated areas, nearby canteens, nearby toilets, availablelibrary chairs,
free laboratory stations, or specific room locations.

2.6.4 Achieve Efficient Parking

Every working day, staffs and visitors occupy an unsatisfying expanse of time to discover an available car parking
lot. The use of sensing technology in parking lots and entrances will help staff and visitors find connected parking.

2.7 10T in Smart Library

Introducing |oT-based smart library system as an aggregate unconventional to available library systems could have
an enormous prospective in accumulation more significance to their services and contribution ironic library
proficienciesto users. Furthermost, libraries use RFID technology to look after books from being stolen and distribute
and return books. Smart libraries can automatically authenticate users, reply to their request for information, dispute
and return books, and even locating books using location-based service, for case in point, distributing location
specifics on the user's smartphone.

2.8 Recent Smart Campus Frameworksin HEI

Currently, there are no standard elements or components of a smart campus to follows. Each university may have its
smart campus initiatives depends on its requirement. For instance, Universiti Tenaga Nasional (UNITEN) has
developed a smart campus framework for their university called the 'UNITEN Smart University Framework' [17] to
help achieve UNITEN's 2025 Strategic Plan milestones. The framework comprises six main elements. Smart Energy
Generation, Smart Energy Management, Smart Mobility, Smart Access and Security, Smart Education, and Smart
Connectivity (shownintheFig. 1).

Experience your future smart living in

UNITEN Smart UniyerCity

Feel it now!!!

Sorart
Comrmac Tomy

Fig. 1: UNITEN smart campus concept [17]

The framework's main objective is to improve campus life using smart technol ogies to integrate multiple application
platforms towards convenient and healthy students' lifestyles. The framework starts with mobile apps development
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for bus schedules, available parking spaces, and an interactive campus map of the nearest food location on offer at
nearby cafes and restaurants. Furthermore, they plan to have a cashless campus initiative throughout the campus.

Similarly, with UNITEN, Universiti Malaya (UM) has established its smart campus initiatives to support and create a
conductive integrated platform/environment based on the UM ECO Campus blueprint's core areas. The UM smart
campus concept (UM smart, sustainable campus) [18] has started in 2004, focusing on converting the standalone
system to aweb-based application. Some of the first phaseinitiativesinclude the UM Mobile Apps, Vehicle Tracking,
and QR code Attendance, primarily moving towards the Big Data, Machine Learning, Predictive Monitoring, and
Artificial Intelligence initiatives (as shown in Fig. 2 below).

UMICT SHART CAMPUSINITIATIVES E!.?'ti';'f.‘{{l

7

J .w‘ma— v
[, mprond U

v >
Laperarce
‘ (L
] «mr:”w/
A liporns
/ UM SMART Alisble /
£ m CAMPUS M e |V

INITIATIVES

/:/ Mylt] Disciping; Tolent Davebapment; Internol Expartise ‘am'u ‘.mu
Fig. 2. UM smart campus concept [18]

29 Summary

Based on a thorough literature review study from multiple publications such as journas, articles, proceedings, and
websitesrelated to smart campus, several elements and applications can bethe layout for sel ection and further analyses
(as shown in Table 1 below). There are five elements and applications that have been selected to evaluate which of
the application have a higher impact to focus on for the smart campus devel opment.

Table 1: Demographic Study on Student’s Academic Background
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Elements Applications Citation
e Smart e Cloud-based Education [29], [44], [32], [1], [16],
Learning « Distance Learning [20], [12], [82] , [90], [92],
e Smart « Online Integrated Information [30], [23], [6], [31], [32],
Classroom e Research Collaboration Interactive Cloud Sharing Platform | [33]. [34], [35], [36], [37],
e Smart o Separate Online Platform between Students and L ecturers [38], [39], [40], [41], [42],
Laboratories « Online Appointments between Students and Lecturers [43], [44].
e Smart e Virtua Reality Application
Libraries
Smart Card e Door access for lecture rooms, offices and libraries [45], [46], [47], [48], [4],
e eWallet [49], [15], [50], [51]
o Library Book Loan System
¢ Attendance records
Smart Sensor Video Surveillance: [22], [52], [53], [54], [55],
¢ Vehicles monitoring — Number Plate Recognition [56], [57], [58], [59], [60],
e Human monitoring — Face Recognition %61}, [62], [63], [64], [65],
66
Smart Energy e Energy Sustainability (81, [3], [13], [68], [69], [71],
e Energy Management System [72], [73], [74], [75], [76],
e Smart Streets Lights [67], [77], [78], [79], [80],
« Maintenance Automation Control [81], [42], [82], [83], [84],
e Electric bicycles [85], [86]
Smart Apps e Smart Attendance System [7],87],[88],[15], [4],[50],
. QR-COde [89]1 [79]! [38]! [92]! [93]:
e Occupancy Detection and Tracking [94], [99], [96], [97], [98],
« Achieve Efficient Parking [99], [100], [44], [101], [4],
[102], [103], [104], [105],
[106], [107]
Elements Applications Citation
e Smart o Cloud-based Education [29], [44], [32], [1], [16],
Learning « Distance Learning [20], [12], [82] , [90], [92],
e Smart « Online Integrated Information [30], [23], [6], [31], [32],
Classroom o Research Collaboration Interactive Cloud Sharing Platform | [33]. [34], [33], [36], [37],
e Smart o Separate Online Platform between Students and Lecturers [38], [39], [40], [41], [42],
L aboratories « Online Appointments between Students and Lecturers [43], [44].
e Smart e Virtual Reality Application
Libraries
Smart Card « Door access for lecture rooms, offices and libraries [45], [46], [47], [48], [4],
e eWallet [49], [15], [50], [51]
e Library Book Loan System
o Attendance records
Smart Sensor Video Surveillance: [22], [52], [53], [54], [55],
¢ Vehicles monitoring — Number Plate Recognition [56], [57], [58], [59], [60Q],
 Human monitoring — Face Recognition %61}, [62], [63], [64], [65],
66
Smart Energy e Energy Sustainability (8], [3], [13], [68], [69], [71],

¢ Energy Management System
e Smart Streets Lights

[72], [73], [74], [75], [76],
[67], [77], [78], [79], [8]],
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 Maintenance Automation Control [81], [42], [82], [83], [84],
e Electric bicycles [85], [86]
Smart Apps e Smart Attendance System [7],87],[88],[15], [4], [50],
 QR-Code [89], [79], [38], [92], [93],
e Occupancy Detection and Tracking [94], [99], [96], [97], [98],
« Achieve Efficient Parking [99], [100], [44], [101], [4],
[102], [103], [104], [105],
[106], [107]

30 METHODOLOGY

This paper adopts a quantitative method from a survey conducted on public university students. The quantitative data
are then analyzed using the Statistic Packages for Social Sciences (SPSS) tool for descriptive statistics and analysis,
including frequency, standard deviation, and mean.

Students can access the smart campus survey (voluntary sampling) using Google Docs. The survey was published
online for two weeks starting from 4th November 2020 to 18th November 2020. The total number of students is
around 3000, and about 912 students have responded to the survey. The participants are ranging from Foundation,
Diploma, and Degree students. To ensure a fair number of students participate in the survey, the student academic
advisor has helped promote this survey to their respective faculties and academic centers.

Altogether there are 15 questions asked. Questions 1-4 on the academic information of the student. The rest of the
questions are about their understanding and opinion on Smart Campus. Part of the survey questions are on a four-
point scale. The scale starts with 1 for Completely Disagree to Scale 4 for Totally Agree.

3.1 Reative Important Index (RI1) Analysis
The Relative Importance Index formulais as below:

Xw  4n,+ 3nz+ 2n; Iny
AN 4N (D

Where:

w — isthe weight given to each factor by the students (in this case ranging from 1 to 4)
N - isthe total number of students (in thiscaseis 912)
A — Highest weight (in thiscaseis 4)

40 RESULTSAND DISCUSSION

This section shares the data gathered from the survey and then discussed the outcomes rel ated to the research questions
poses earlier.

41  Demographic Analysis
In this section, the students academic background is captured. There are three (3) questions to study the students
demographics details. The three questions are as follows:

*  What is the student’s level of study/studied?

*  Which Faculty/Centre are studying/studied?

*  What is the student’s year of study?

Table 2 contains all the demographics details from the questions above. Based on Table 2, it can be concluded that
more than half of the total number of students, which are 624 students (69%), were from the Degree Programme,
follows by Foundation Programme with 164 students (18%) and Diploma 95 students (10%). While the rest of the
students are from the Master program, with ten students (1%), nine students (1%) are alumni, seven students (1%)
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leave the answer blank. The least number of respondents are from the Ph.D. program, with only three students. This
outcome is expected as the number of students enrolled in a degree program are higher than for foundation and
diploma.

Meanwhile, Table 2 shows the number of students according to their year of study/studied. It isinteresting to see the
number of students from each year of studies are quite similar and not too far off each other. Most of the students are
from the first year, with 200 students (22%) and 197 students from the second year (22%). Besides, 183 students
(20%) arethird-year students, 160 students (17%) in their fourth year, and 157 students (17%) are from the foundation.
While the small number of students are in their fifth year, with only eight students (1%) and six students (1%) leave
the answer blank.

On the other hand, as seen in Table 2, the majority of the students are from faculty of studies and management (213
students), follows closely by studentsfrom faculty of science and technology (209 students) and faculty of engineering
(203 students). Moreover, 137 students were from foundation center, 62 students from agility academy, 61 students
from other faculty/center, and 5 students from graduate school, which are reasonable as the number of students
enrolled in these faculties/centers is fewer than other main faculties (studies and management, engineering, science
and technology, and medicine and health). In the survey, only 19 students are from the faculty of medicine and health.
This presumably because their students are busier than the students in other programs. Furthermore, they did not find
the survey interesting to participants asit is not under their study area.

4.2 Research Question

What is the student’s perception of implementing smart campus applications in the HEI?

In this section, through a thorough literature survey in Literature Review, we selected the five (5) common smart
campus elements: smart card, smart classroom, smart energy, smart sensor, and smart learning. Each of these elements
has its application. Therefore, there are eighteen (18) applications for the student to rate. This question aims to
determine which application the student thought is most important in the university.

The survey uses a four-point Likert scale [29]. Scale 1 is for Not Important, and Scale 4 is for Very Important. The
four scale options were as follows (Not Important, Slightly Important, Important, and Very Important). The responses
from each application are collected and analyzed using the Relative Importance Index (RII). Finadly, al these
applications are placed in agroup table to determine their ranking based on RII value.

Question A: In your opinion, how important is the use of Smart cards for the following scenario?
In this question, the students were asked to rate the importance of smart cards used in the following applications:
A1l. Attendance records for lectures, exams, official university events, etc.
A2. Book loan systemin thelibrary.
A3. Access to lecture rooms, offices, libraries, etc.
A4. Cashless payment transaction for foods, feeds, bookstores, etc.

The results are shown in the Table 3 below. Based on the results below, the students have decided that smart cards
should capture attendance records for lectures, exams, official university events, etc., which rank first with the RIl of
0.8136. The second placeisto use asmart card for library book loan system with a0.8128 RII value that is not too far
behind the first rank. Next, with an RIl value of 0.7744, smart card usage to access lecture rooms, offices, libraries
came third. Finally, the smart card for cashless payment transactions came last with an RIl value of 0.7664, which
showed that this application should be the least priority for smart campus development; presumably, the students
prefer other alternative payment modes.
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Table 3: RII calculations for Question A.

App. No. of Responses Weighted RI|

1 2 3 4 total
Al 20 | 65 | 490 | 337 2968 0.8136
A2 7 | 48 | 566 | 291 2965 0.8128
A3 18 | 102 | 565 | 227 2825 0.7744
A4 44 | 128 | 464 | 276 2796 0.7664

Table 2: Demographic Study on Student’s Academic Background

Faculty Programme - Year
Foundation 1 2 3 4 5 Blanks | Total
Fitness Diploma 0 14 28 18 1 0 0 61
Academy Degree 0 0 0 1 0 0 0 1
Engineering | Foundation 15 1 0 0 0 0 0 16
Degree 0 53 52 35 47 0 0 187
Studies and | Foundation 9 0 0 0 0 0 0 9
Management | Diploma 0 2 6 10 0 1 1 20
Degree 0 19 22 31 102 0 0 174
Master 0 1 0 0 0 0 0 1
PhD 0 0 1 1 0 0 0 2
Alumni 0 0 0 1 0 1 2 4
Blanks 0 0 1 2 0 0 0 3
Medicine Degree 0 2 3 6 6 0 0 17
and Health Master 0 0 0 0 0 1 0 1
PhD 0 0 0 0 0 1 0 1
Foundation 2 0 0 0 0 0 0 2
Science and | Degree 1 83 50 61 2 3 0 200
Technology | Master 0 1 1 1 0 0 0 3
Alumni 0 0 0 3 0 0 1 4
Others Foundation 4 1 0 0 0 0 0 5
Diploma 0 5 6 0 0 0 0 11
Degree 0 11 21 12 0 0 0 44
Master 0 1 0 0 0 0 0 1
Foundation | Foundation 125 4 2 0 0 0 1 132
Center Diploma 2 0 0 0 0 0 0 2
Degree 1 0 0 0 0 0 0 1
Alumni 0 0 0 0 0 1 0 1
Blanks 1 0 0 0 0 0 0 1
Graduate Diploma 0 1 0 0 0 0 0 1
School Master 0 1 3 0 0 0 0 4
Blanks Blanks 0 0 1 1 0 0 1 3
All Total 912
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Question B: In your opinion, what isthe level of importance of Smart Classroom for the following scenario?
Next, the students were asked to rate the importance of setting up a smart classroom for the following application:

B1. Research Collaboration for discussion, presentation, sharing ideas and knowledge between universities,
companies, and other research agencies.

B2. Interactive cloud sharing platform between students and lecturers.

B3. Distance learning, e.g., online teaching and learning materials, teleconferencing, cloud storage, and online
COUrses.

B4. Virtual reality application facility in the computer lab.

The results in the Table 4 below show the response rate for each application in the smart classroom element. The
results can be seen with an RI1 value of 0.8259, and most students agree that smart classrooms should be implemented
for research collaboration purposes. The second application that was voted most influential in implementing the smart
classroom istheinteractive cloud sharing platform with an RI1 of 0.8218. The distance learning application camethird
with 0.8194 RIl value and in the last place is the virtual reality application with RII of 0.7908 which has been voted
asthe least essential application to be implemented with smart classroom initiative.

Table 4: RII calculations for Question B.

App. | Number of Responses | Weighted

RII
1 2 3 4 total
Bl 6 |36|545| 325 3013 0.8259
B2 2 | 47 | 550 | 313 2998 0.8218

B3 17 | 58 | 492 | 345 2989 0.8194
B4 14 | 78 | 565 | 255 2885 0.7908

Question C: In your opinion, what isthe level of importance of Smart Energy for the following scenario?

In this question, the students were asked which application in the Smart Energy element is most important. The four
applications are as follows:

C1. Energy sustainahility, e.g., solar energy, building design, and carbon capture storage

C2. Development of energy management system, e.g., automated monitoring for air conditioning, lights, and
devices

C3. Smart streetlights. Only switch on when insufficient lighting.
C4. Electric bicycles on campus for the short-distance journey.

As shown in the Table 5 below, based on the student’s feedback, the energy sustainability application is the most
important in the smart energy element, with an RIl value of 0.8344. The second application to be priorities is to
develop the energy management system with a 0.8325 RII value. Next is the 'Smart Streets Lights, which came in
third with an RII value of 0.3237, and the least priority application is the use of electric bicycleswith only 0.7725 RI|
value.

Table 5: RII calculations for Question C.

App. Number of Responses | Weighted RI|

1 2 3 4 total
C1 5 41 | 507 | 359 3044 0.8344
C2 4 30 | 539 | 339 3037 0.8325
C3 7 56 | 510 | 339 3005 0.8237
. 40 | 163 | 384 | 325 2818 0.7725
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Question D: In your opinion, what isthe level of importance of Smart Sensor for the following scenario?

The next question is to determine the level of importance of the Smart Sensor application from the student's
perspective. There two applications are as follows:

D1. Monitor and track the movement of vehicles in/out of campus using number plate recognition

D2. Monitor and tracking the staff/students/visitor's location within the campus through university CCTV footage
using face recognition

Table 6: RII calculations for Question D.

App. | Number of Responses | Weighted
1 2 3 4 total

D1 17 | 110 | 465 | 320 2912 0.7982
D2 23 | 107 | 521 | 261 2844 0.7796

RII

The outcome from the student’s feedback in Table 6 above shown that to monitor vehicles movement in/out of campus
using number plate recognition is the priority in the smart sensor element with a 0.7982 RIl value. Meanwhile, the
application on monitoring the movement of staff/students/visitors within the campus through university CCTV
footage using face recognition with an RIl value of 0.7796 is the least priority.

Question E: In your opinion, what is the level of importance of Smart Learning for the following scenario?

The next question ison the level of importance in each application of the smart learning e ement. The four application
areasfollows:

E1. All lecture notes and teaching materials can be accessed through the Internet (cloud-based)

E2. Online integrated information system for course registration, exam schedule, grade review, counselling,
appointment, and workflow.

E3. Separate online platform for determining and discussing course content between students and lecturers
E4. Make online appointments between lecturers and students.

The resultsin Table 7 below show the student's feedback on the importance of applying the smart learning element.
The students have decided that applying all lecture notes and teaching materia through the Internet is the most
important with an RI1 value of 0.8539. Next, in second place, is the online integrated information system for course
registration, exam schedule, and RII of 0.8322. The third place is to separate online platforms from determining and
discussing course content between students and lecturers with an RII of 0.8120. The last place decided as the least
priority with 0.7988 RII value is making online appointments between lecturers and students.

Table 7: RII calculations for Question E.

App. Number of
Weighted
Responses RII
total
1|2 3 4

El 3 | 28| 468 | 413 3115 0.8539
E2 5 | 23| 551 | 333 3036 0.8322
E3 9 | 47 | 565 | 291 2962 0.8120
E4 14 | 85 | 522 | 291 2914 0.7988

Conclusions: As for the conclusion, the Table 8 shows the compilation of all applications from every element. The
applications are sorted in descending order from highest RI1 values (most important) to the lowest RIl values (least
Important). Theimpact level of each application is measured using the Akadiri algorithm [14], as shown in Table 9.
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Table 8: RII vauesfor all applications with impact level

No Element Application RII Impact Level
1 Smart All lecture notes and teaching material s can be accessed through the Internet 0.8539 H
Learning (cloud-based)
2 Smart Energy | Energy Sustainability (Solar Energy, Building Design, Carbon Capture 0.8344 H
Storage)
3 Smart Energy | Development of Energy Management System (Automated Monitoring: Air 0.8375 H
Conditioning, Lights, Devices)
4 Smart Online integrated information system (course registration, exam schedule, 0.8322 H
Learning grade review, counseling appointment, workflow)
5 Smart Research  Collaboration (communication and interaction between 0.8259 H
Classroom universities, companies, and other agencies for research purposes)
6 Smart Energy | 'Smart Street Lights 0.8237
7 Smart Interactive Cloud Sharing platform between friends and lecturers 0.8218
Classroom
8 Smart Distance learning (Online teaching and learning materials, 0.8194 H
Classroom Teleconferencing, Cloud Storage, online courses, etc.)
9 Smart Card Attendance records at lectures, examinations, and official university events 0.8136
10 Smart Card Library Book Loan System 0.8128
11 Smart Separate online platform for determining and discussing course content 0.8120 H
Learning between students and lecturers
12 Smart Make online appointments between lecturers and students 0.7988 H-M
Learning
13 Smart Sensor | Monitoring the movement of vehicles infout of campus (Number Plate 07982 H-M
Recognition)
14 Smart Virtual Redlity application facility in the laboratory 0.7908 H-M
Classroom
15 Smart Sensor | Monitoring the movement of staff/students/visitors within the campus 07796 H-M
through university CCTV footage (Face Recognition)
16 Smart Card Asthe access to lecture rooms, offices, libraries 0.7744 H-M
17 Smart Energy | Use of electric bicycles on campus 0.7725 H-M
18 Smart Card Asan eWallet function to pay for food, fees, bookstores, and other cashless 0.7664 H-M
transactions on campus
13
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Table 9: Theimpact level based on RIl value

Range of RII values Impact Level
08<=Rll<=1 High (H)
0.6<=RIl <=0.8 High-Medium (H-M)
04<=RIl <=0.6 Medium (M)
0.2<=Rll<=04 Medium-Low (M-L)
0<=RII <=0.2 Low (L)

Based on the Table 8, the students have chosen 11 applications to be high impact and are most important in
implementing the smart campus. As expected, students have decided smart learning (rank 1) is the most crucial
element of a smart campus. Presumably, this is because the students are from the academic background. The least
important element is the smart card for e-Wallet features. The table aso shows that from the 11 high-impact
applications: three applications are from smart learning element, three applications are from smart energy element,
three applications are from smart classroom element, and two applications are from smart card element. Interestingly,
the students not only choose the application focuses on academic to be high impact; the application under the smart
energy element isalso essential (rank 2 and 3).

50 CONCLUSIONAND FUTURE WORKS

This research paper focuses on the evaluation of student’s perception on the implementation of smart campus
applicationsin HEI. The results shown that the students have decided smart learning is the most important element of
a smart campus. The least important element is the smart card for e-Wallet application. As for the future work, staff
and lecturers should be considered to take part in this study for achieve the overall respondents. Furthermore, the
outcome from this study can be used to define the smart campus concept for higher education institutions.
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