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Abstract

The Covid19 pandemic shifted the higher education institutions learning ecosystem, from face-to-face
teaching to online learning. In the era of data-driven, decisions made must be supported by data.
While many studies focused on data analytics' learning potential, this research embark on the practical
aspect of data analytics application to support decision making of the university’s management for
improved education experience among the students. The efficiency of online learning depends on
students' internet accessibility. This research aims to gauge the students’ internet accessibility and
propose suitable approaches for teaching and learning. A three-phase data analytics process flow are
employed, namely the data preparation, data transformation and data analysis. Data are gathered from
two secondary sources, the university databases, consisting of students’ records and
telecommunication towers for network profiles. The findings of this research show about 1.3% of the
students are without internet access. The fraction is small, however it made up to about 1958 students.
The higher-end network type (4G) is best for online sessions, however about 2235 students (1.5%)
have limited access to only 3G network. The diploma and degree students are the majority of students
having access to lower-end network technology. Students using lower-end technology, such as 2G,
may experience interruptions even if an asynchronous approach to online instruction is adopted. In
line with the university’s effort of ‘no students left out’ the numbers are a concern. This study
contributed towards giving insights on the students’ internet accessibility and developing a data-
driven teaching and learning approaches based on network types. In terms of practical contribution,
two applications are developed, a dashboard for the top management to refer for decision-making, the
second one is the system for the lecturers to use to plan their teaching approaches taking into
consideration of their students’ internet accessibility.
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The COVID-19 pandemic disrupted the
educational  ecosystem, forcing  sudden
paradigm change especially to the teaching and
learning process. The changing landscape of the
learning ecosystem, transforming it into digital
environment, forcing higher institutions to
switch from face to face or blended learning
approach (Mabni, Shamsudin, Aliman & Latif,

I. INTRODUCTION

The Industrial Revolution 4.0 (IR 4.0) bolsters
the usage of technologies like big data
analytics. The use of big data analytics in
higher education has been explored extensively
with applications ranging from student learning
performance to improving higher education
operations (Ashaari,2020; Daniel, 2015).
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2020) to online teaching or open distance
learning.

Few studies have been conducted into how
higher education institutions are dealing with
the shift. Many studies and assessments of the
COVID-19's potential impact on higher
education have been published and the ability
of data analytics in enhancing learning process
and enriching the learning experience in an
online setting has been highlighted by
Vanthienen and De Witte (2017). However,
how the COVID-19's online learning is
performed leans toward a generic perspective.
The effectiveness of online learning hinged on
addressing students' internet accessibility needs.
Limited internet connection, as well as
insufficient online learning infrastructures, are
issues in  Malaysian online  learning
(Selvanathan, 2020; Lee, 2020), especially in
rural and isolated locations.

In addressing the needs to integrate appropriate
learning and learning approaches into online
teaching, the students' internet availability
based on their geo-locations (Hamidi, Ibrahim,
Rahman & Shuhidan, 2017) has to be
identified. This study aims to gauge and explore
the insights emerging from the students’
internet accessibility information. The scope of
this study is confined on the mobile
connectivity as ICT-support technology (Aziz,
Haron & Harun, 2020), the commonly used and
most affordable network services in Malaysia.

Il. LITERATURE STUDY

According to a technical analysis published by
the Internet  Society (2017), internet
connectivity presents significant opportunity to
improve educational quality; but, in many
countries, lack of internet connection is the
most  significant  barrier to  improving
educational outcomes. Students' learning
experiences are made more challenging when
they face technological obstacles, as a result of
their inability to purchase adequate online
learning support facilities, notably internet
connections (Al-Kumaim et al., 2021). Other
studies from Tan (2021) and (Sundarasen et al,
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2020) supported the role of internet access in
ensuring the effectiveness of online learning.
The COVID-19 pandemic has reshaped the
education delivery, shifting from traditional
face to face towards virtual learning globally.
As such, numerous studies have been conducted
on the experience of conducting online
learning. Table 1 summarizes the findings from
the studies.
Table 1 - Findings from Online
Implementation During COVID-19

Pandemic
Authors Findings
. Less internet
connection stability during
Covid19
Barada, Doolan, Buri, Europe
Krolo & Tonkovi (2020) P
Neupane, Sharma & i India
Joshi (2020) ’
Ghasem and Ghannam i Arab
(2021) :
Cicha, Rizun, Rutecka & .
Strzelecki (2021) V. Poland
Dube (2020) V. South Africa
. Inequity in

education transmission based
on the learners’ demographic
location

. The success factors
of e-learning portal.

Hasin and Nasir (2021)

Shahzad et al. (2020)

Abdul-Hamid and e The variation of
Hamzah, 2021, Roslan internet connectivity based
and Halim, 2021, on geo-locations for online

Tukiman, Khalid, Onn, learning.
Foong & Amran, 2020,
Nik-Ahmad-Zuky,

Baharuddin & Rahim,

2020).

Findings from Table 1 shows that internet
connectivity is an area of concern for online
learning implementation.

In the context of Malaysia, although the figure
by the Department of Statistics, Malaysia, in
2020 shows an increment from 87 percent in
2018 to 90.1 percent in 2019 for household
internet penetration, there is still a divide
between underserved areas (Darus, 2021) and
the rest of the country. According to a
Multimedia Malaysian Communications and
Multimedia Commission (2020) Internet user
study, the percentage of Internet users in 2020
was 88.7%, up 1.3 percent from 87.4% in 2018,
and smartphones are the most popular devices
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for accessing the internet, with a near-saturation
level of 98.7%.

The MCMC’s Network Performance Report
2020 emphasises the need for Malaysia to
improve mobile broadband coverage and speed
for home internet packages as a result of
Covid19. According to Roslan and Halim
(2021), 71.9 percent of Malaysian participants
had fourth generation (4G) mobile broadband
speeds at home, 10.1 percent had third
generation (3G), 0.6 percent had Enhanced data
GSM evolution (EDGE), and 6.2 percent had
high speed packet access (HSPA).

The findings from the studies and reports
provide a general view of internet connectivity
scenario. A micro-level analysis on a targeted
institution will provide a more comprehensive
and deeper view for actionable information.
Data visualization has the ability to produce
actionable information and insights.
Visualization is the key to turning data into
useful information, especially when working
with large amounts of data that may contain
abnormalities and abstract elements that are
difficult to recognise (Noh, Abidin, Omar,
Aliman & Ardi, 2018; Wang et. al, 2015).
Studies on COVID-19 have use several
visualization techniques such as map-based,
timeline graph, geospatial map and dashboard.
Lakshmi and team (2021) used the map-based
representations of the COVID-19 disease's
spread, where the frequency of cases is
represented in regions, and timeline-based data
visualisation, known as Epidemic curves. Afzal
(2020) used a geospatial map to create a
spatiotemporal model simulation data related to
COVID-19.

Multiple connected features can be explored
simultaneously for actionable insights using
visualization-based solutions via a data
dashboard. Many researchers used a data
dashboard to display multi-data perspectives
including narrowband 10T coverage (Kousias,
et al, 2020), people's travel patterns at public
stations during Covid19 (Zuo, et al, 2020), and
Covid19 spread (Zaman, Islam, Zaki &
Hossain, 2020, Budd et. al, 2020). The
interactive geo-spatial visualisation was created
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by Kousias and his colleagues (2020) to
uncover operators' narrowband 10T coverage
zones. Real-time traffic cameras were employed
by Zuo et al. (2020) to visualise human motion.
According to Budd et al. (2020), most COVID-
19 dashboards, such as the WHO Coronavirus
(COVID-19) Dashboard and the Covid19
Dashboard Ministry of Health Malaysia, offer
time-series charts and geographic maps ranging
from regional to individual coordinates.
According to the reviewed literature, there is a
research gap in understanding overall internet
connectivity that uses personalised data to
provide management insights in two ways:
state-of-the-art insights at a high level and low-
level insights to view personalised details
related to internet connectivity and ability. Such
information is extremely useful in making
appropriate and adaptable decisions in online
teaching and learning.

. METHODOLOGY

This study is carried out at one of Malaysia's
largest universities. There are over 150,000
students enrolled, and academic programmes
ranging from diploma to PhD level, as well as
professional credentials, are available. Prior to
the COVID-19 pandemic, the university only
allowed up to 30% of studying and teaching to
be done online, with the rest requiring face-to-
face interaction. As a result, the national
lockdown had a huge impact on university
administration, forcing them to act quickly
while maintaining educational quality and
transitioning to entirely online study.

The students’ geographically dispersed, with
some living in remote rural locations, making it
difficult for them to subscribe to high-speed
internet. As a result, high-level university
management has an immediate need to gather
comprehensive data on all students' internet
connectivity and socioeconomic situation in
relation to their branch, faculties, and current
Ccourses.

A pragmatic approach was used in this study to
describe the students' internet accessibility. In
order to achieve the objective of the study, a
three-phase data analytic process flow is used,
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namely the data preparation phase, data
transformation phase, and data analysis phase.
Figure 1 depicts the flow of the data analytics
process.

This study is carried out at one of Malaysia's
largest universities. There are over 150,000
students enrolled, and academic programs
ranging from diploma to PhD level, as well as
professional credentials, are available. Prior to
the COVID-19 pandemic, the university only
allowed up to 30% of studying and teaching to
be done online, with the rest requiring face-to-
face interaction. As a result, the national
lockdown had a huge impact on university
administration, forcing them to act quickly
while maintaining educational quality and
transitioning to entirely online study.

Data Preparation Data

sInternal Data
150,00 Students'
Residential Postal

sExternal Data
530,000
telecommunication
towers coordinates

. J .

Transformation

*Reverse
geocoding for
telco towers

codes 1323 telco tower
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The students’ geographically dispersed, with
some living in remote rural locations, making it
difficult for them to subscribe to high-speed
internet. As a result, high-level university
management has an immediate need to gather
comprehensive data on all students' internet
connectivity and socioeconomic situation in
relation to their branch, faculties, and current
courses.

A pragmatic approach was used in this study to
describe the students' internet accessibility. In
order to achieve the objective of the study, a
three-phase data analytic process flow is used,
namely the data preparation phase, data
transformation phase, and data analysis phase.
Figure 1 depicts the flow of the data analytics
process.

Data Analysis

*Mapping
students
residential postal
codes with
network types

*Visualization
Maps and graphs

J AN J

Figure 1: Data Analytics Process Flow

In the data preparation phase, data are collected
data from two secondary sources, which is the
students’ records (internal data) and
telecommunication towers coordinates (external
data). All the data gathered are from reliable
sources, students’ records are extracted from
the university’s database, and
telecommunication  towers longitude and
latitude are downloaded from open signal
database. The output for data preparation phase
1s two sets of data, the students’ residential
postal codes and the telecommunication tower
coordinates.

Data transformation phase’s activities involves
extracting the telecommunication towers
postcodes through reverse geocoding process
using ArcGIS software, a geographical
information system (GIS) mapping software.
Once the tower’s postcodes are discovered, the
network coverage can be identified. Basically,
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there are three types of network coverage,
which are: -

i Global System for Mobile
Communications (GSM), a second-generation
(2G) digital cellular networks technology.

ii. Universal Mobile Telecommunications
System (UMTS), a third generation (3G)
mobile cellular networks technology.

iii. Long Term Evolution (LTE), a 4th
generation (4G) of radio technologies networks.

In the data analysis phase, mapping of student’s
residential postal codes and telecommunication
towers are done through descriptive statistical
tests. Students' network coverage based on their
residential addresses are derived. Visualization
of the information are done through bubble
maps and graphs.



8603

Iv. RESULTS AND FINDINGS

A total of 150,821 student profiles are
collected. According to the overall student
profiles, about half of the students are enrolled
in a degree programme, followed by those
pursuing a diploma. 47 percent of students are
from the central zone, 20% from the northern
zone, 13% from the southern zone, 12% from
the eastern zone, and 8% from Sabah and
Sarawak. The socioeconomic position of the
students reveals that slightly more than half of
them fall into the B40 category.

In terms of network coverage, network data is
obtained in the form of coordinates that indicate
the longitude and latitude of telecommunication
towers. The OpenSignal database, which is a
crowdsourcing database used by the public and
telecommunications industry, has been used to
obtain a total of 530,000 coordinates. When the
coordinates are reverse geocoded, the nearest
postal code for the tower location and network
types is identified. Telecommunication towers
are dispersed throughout 1323 postal codes. In
total, there are 2,864 postal codes in the
country.

A total of 1700 postal codes corresponded to
the 150,821 students' home addresses. The
discovered telecommunication towers' postal
codes (1323 postal codes) are overlaid with the
students' residential postal codes to establish the
students' network coverage (1700). There were
1019 postal codes that matched, indicating that
304 telecommunication towers do not
correspond to any of the students' postal codes.
However, none of the 681 students' residence
postal codes correspond to any of the
telecommunication towers' postcodes. The
absence of network profiles could be due to a
lack of network connectivity or a failure to
recognise tower postcodes. As mentioned in the
methodology section, three types of networks
are available, mainly the GSM with 2G
technology, UMTS with 3G technology, and
LTE with 4G technology, and in a single postal
code, there can be many types of network.
Table 2 lists the number and percentage of
postal codes along with their network profiles.
The calculation of percentage is based on two
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decimal points, therefore the total percentage
may not be equal to 100%.
Table 2 — Distribution of Postcodes and

Network Types

Postal Codes and Network Percentage
Number

Types (%)
Postal code with GSM,
LTE, UMTS 879 51.71
Postal code with GSM,
UMTS 61 0.06
Postal code with GSM,
LTE 1 0.06
Postal code with UMT,
LTE 11 0.65
Postal code with UMTS 43 2.53
Postal code with GSM 11 0.65
Postal code with LTE 4 0.23
Postal code without
network Information 681 4006
Total 1700 99.47

Since the study aims to obtain the information
on the students' network coverage, a deepr
analysis is done. The number of students in
each postal codes are extracted and mapped
with the network types. In Table 3, the number
and percentage of students is tabulated
according to the network types that they have
access to. As mentioned earlier, the calculation
of percentage is based on two decimal points,
therefore the total percentage may not be equal
to 100%.

Table 3 — Distribution of Students Based on

Postcodes and Network Types

Postal Codes and Network Number —of - Number - of

Types Postcode Students
(approx..%0) (%)
Postal code with GSM, 879 146.440
LTE, UMTS (97.1%)
Postal code with GSM, 61 1467
UMTS (0.97%)

Postal code with GSM, LTE 1
Postal code with UMT, 11

6 (0.004%)
162 (0.11%)

LTE
Postal code with UMTS 43 645 (0.43%)
Postal code with GSM 11 123 (0.08%)
Postal code with LTE 4 20 (0.01%)
Total Postcodes and 148,863

0 )
Students 1.019(60%) (98.7%)
Postf:ode with no network 681(40%) 1958 (1.3%)
profiles
Total 1700 150,821
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A big percentage about 98.7 percent (148,863)
of students have access to network coverage,
but the types of networks vary. Almost all
students with network coverage are accessible
to the faster 4G technology (LTE) (97.1% |,
146,440).Although only 0.08 percent of pupils
who have access to a network can use 2G
technology (GSM), the number reaches 123.

To provide deeper insights and provide a
suitable way of teaching and learning, a deeper

8604

analysis of the students' profiles in terms of
their level of studies and network coverage is
required. Table 4 illustrates a comparison of
network types versus study level. The majority
of students (98%) with the lower 2G technology
(GSM) coverage are enrolled in diploma and
degree programmes. Although the percentage
reflected only 2% of the students are accessible
up to 3G network coverage, the number come
out to 2235 students.

Table 4 — Network Coverage Types and Level of Study

GS LT LTE, UMT UMTS, UMTS, UMTS, LTE, Total

M E GSM S GMS LTE GMS
Matriculation/Certificate 1 11 30 2 3656 3700
Diploma 55 7 4 258 636 76 63051 64,087
Degree/Advanced Diploma 65 12 2 358 766 79 72686 73,968
Master 1 12 26 4600 4643
PhD 2 6 8 1 1742 1759
Professional 1 705 706
Total 123 20 6 645 1467 162 146,440 148863

Academic programmes have different network
coverage requirements. Science and
technology-based academic programmes, for
example, require higher-end connectivity
technologies because the studies involve using
lab sessions with simulation environments or

specialised software. As a result, additional
cross-analysis of the students' network coverage
and academic programmes is carried out as
shown in Table 5. Science and Technology
(S&T), Business and Management (B&M), and
Social Science and Humanities (SS&H) are the
three academic programmes clusters.

Table 5 — Network Coverage Types based on Academic Program Cluster

GSM LTE LTE, UMTS UMTS, UMTS, UMTS, LTE, Total
GSM GMS LTE GMS

Science and Technology 52 12 3 233 579 61 53163 54103

. 44 5 3 290 588 73 65947 66950
Business and Management
Social Science and 27 3 122 300 28 27330 27810
Humanities (SS&H)
Total 123 20 6 645 1467 162 146,440 148863

About 99% (66,028) of the S&T students are
accessible to up 4G technology, however the
1% students who are accessible up to 3G
technology is about 922 students.

V. DISCUSSION

The objective of the study is to analyse the
internet accessibility of the students in
supporting online teaching and learning during
Covid-19. Internet accessibility is scoped into
network coverage including network types.

© 2022 JPPW. All rights reserved

Based on the analysis and results, a total of
1958 (1.3%) students can be classified without
network coverage. In terms of percentage this is
only a small fraction of the overall students,
nevertheless, the number is a concern.

As for the network coverage types, the higher
end network type (4G) is suitable for online
session. Similar to the small percentage of
students without network, only 2% of the
students are only accessible up to 3G network
coverage but the number is 2235 students. This
is another factor that needs to be considered
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when making decisions on teaching and
learning.

Another important insight is, the diploma and
degree students madeup the majority of students
which have the lower end network technology
(2G). The diploma and degree programs are
inclined heavily towards face to face learning.
Although asynchronous approach can be
utilised for online teaching, students with lower
end technology like 2G, may experience
interrupted services.

Different academic programs requires different
network coverage. Science and technology
based academic programs requires a higher end
of network technology. There is 922 students
enrolled in Science and Technology academic
programs are accessible only to the 3G network.
Data-driven decisions are important in handling
uncertainties during COVID19 pandemic. In

Journal of Positive School Psychology

order to support teaching and learning, and
more importantly to ensure inclusivity for
learning, the university undertakes this study.
Lesson learned from experience of other higher
education embarking into online learning and
the insights from this study are important
considerations in making decisions for teaching
and learning approaches during COVID19.
Therefore, when the university decided to
embark on Open Distance Learning (ODL)
rather than online learning, the decision is
supported with data on the distribution of
students and their network connectivity.

As a guideline, this study proposed teaching
and learning approaches based on network
types. However for the students without
network coverage, locating to nearest campuses
or sending materials by courier services are
some of the options.

Table 6 - A Framework of Proposed Teaching and Learning Methods based on Network

Coverage.
Network Type Proposed Method Justification
1. GSM (Indicate whether o SMS, MMS, WhatApps, and . 2G networks deliver
the area has data connectivity via text files are all supported. 64 Kbps data transfer,
EDGE or GPRS (2G or 3G)) according to the ETSI standard.

SMS, MMS, WhatApps, and text
files are all supported.

Only text files with a file size
of less than 1MB should be shared.

Thus, downloading a
1 MB file from 2G takes about
15 minutes.

. Appropriate for asynchronous
learning and teaching.

2. UMTS (Indicate .
whether the location has HSDPA
or 3G+ data access.)

SMS, MMS, and WhatApps, e
as well as text files, multimedia files
(images, audio, animation), and movies
are all supported.

According to Obaidat,

Nicopolitidis, and Zarai (2015),

a 3G network's practical data
rate is 2Mbps.

. The download time

o There is no specific file size ~ for a LMB file is approximately
that is ideal, however a large file may 1 second.

cause a delay in downloading time.

. Webex, Google Meet, and

other synchronous teaching learning

platforms perform admirably.
3. LTE (Indicate whether . . . The 4G network
or not the location has 4G * All types of video str_ea_mlng offers a data transfer rate of up
. are supported. As a result, 4G is ideal . .
service.) to 20Mbps in practise

for video streaming services like
Google Meet and Zoom.

. For synchronous teaching and
learning, the network coverage is ideal.

(Ezhilarasan & Dinakaran,
2017).
For 4G, downloading
a 1MB file takes only a fraction
of a second.

For the sustainability of the study, the
invaluable data and analysis are incorporated

© 2022 JPPW. All rights reserved

into an application named Student Signal
Coverage Quick Search, which was developed
for the usage of lecturers. This system will
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assist the lecturers in identifying the students
network coverage for a better planning in
developing the most suitable ODL approach
besides coming up with suitable teaching and
In total,

learning materials. about 23,000
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lecturers have accessed and wused the
application. Figure 2 is a snapshot of the system
which is linked to the University’s website
under Academic Affairs Department.

STUDENT SIGNAL COVERAGE
QUICK SEARCH

am

S/r,,] o7

This system can help lecturers to
identify the signal coverage of network
access according to the telco plan for
each student based on their permanent
address. Lecturer can search by student
id or course code and class group
registered.

STUDENT SIGNAL COVERAGE QUICK SEARCH ::

Figure 2: Snapshot of Student Signal Coverage Quick Search

As for the top management usage, a dashboard
application is developed. @ The dashboard
system provides a comprehensive visualization
through  bubble maps provide in-time
information for any decision-making process.
Each bubble are color coded based on the
network types. Zooming in into each bubble

will reveal the students’ number and profiles in
a certain bubble or location. A report of the
students in a certain location can be
downloaded in a worksheet. Figure 3 shows the
snapshot of the dashboard from the top
management’s view on the students’ network
accessibility.

Demography of Students' Residency Area vs Network Types

South China Sea

Medan

- Tanjung Pinang City
Tanjungpinang

Network Types @ GSM @LTE ® UMTS

Natuna Sea

Pontianal 3

Samarinda

Figure 3 : Bubble map v1suallzat10n for Students’ Network Types

VL. CONCLUSION

Internet connectivity is an important factor for
an online learning environment. The internet
connectivity in different parts of Malaysia

© 2022 JPPW. All rights reserved

varies and in some cases, isolated geographic
places are not accessible to network coverage.
This study leverages on data analytics to profile
students' internet accessibility according on
their geographic location, and proposes a
guideline for suitable approaches for online
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teaching and learning for a better educational
experience during Covid-19 in Malaysian
higher education

There are limitations for the study, firstly the
network data  downloaded from the
telecommunication towers using the open signal
database. Opensignal database is a collection of
data through crowdsourcing by public and
telecommunication providers. Thererefore there
may be some network coverage data which
have not been updated.

Another limitation is the scope of the study
covers only mobile communication services,
which is widely used and most affordable in
Malaysia. It does not include broadbands
services. It is important to highlight that cellular
network capacity also depends on the Telco
Tower mobile backhaul capacity. Although the
last mile access for a cellular network is using
the wireless medium for the mobile user and the
capacity of the medium is based on the
allocated spectrum (e.g 4G-LTE, up to
20Mbps), the network packet needs to be routed
back to centralized telco office IP-based
network for internet connectivity. If the
backhaul link between the telco tower and the
telco office is congested, it can impact the
capacity and internet speed of mobile users
connected to the telco tower. According to a
study by Ahamed & Farugue (2018), the mobile
backhaul capacity varies and depends on the
implementation and business strategy of the
telco provider.

Nevertheless, this study expanded the
applications of data analytics in higher
education for improving the services provided
particularly in teaching and learning. The study
contributed practically in developing two
systems for the lecturers and another one for the
top management from the data collected. The
proposed guideline for teaching and learning
approaches based on network connectivity
contributed towards new knowledge.
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