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Abstract: Amid the outbreak of the COVID-19 pandemic in the year 2020, educational platforms
have been forced to change and adapt from conventional physical learning to virtual learning. Nearly
all higher learning institutions worldwide are forced to follow the new educational setting through
virtual platforms. Sabah is one of the poorest states in Malaysia with the poorest infrastructure, with
the technology and communication facilities in the state remaining inept. With the changes in virtual
platforms in all higher education institutions in Malaysia, higher learning institutions in Sabah are
expected to follow the lead, despite the state lagging in its development. This has certainly impacted
the overall productivity and performance of students in Sabah. Therefore, this study aims to explore
the challenges of the implementation of virtual learning among students in Sabah. More specifically,
this study seeks to identify vulnerable groups among students based on their geographical location.
To achieve the objective of this study, a survey has been conducted on a total of 1,371 students in
both private and public higher learning institutions in Sabah. The sample selection for this study
was determined using a purposive sampling technique. Based on Principal Component Analysis
(PCA), it was found that there are five challenges in virtual learning faced by students in higher
learning institutions in Sabah. These are the unconducive learning environment (var(X) = 20.12%),
the deterioration of physical health (var(X) = 13.40%), the decline of mental health (var(X) = 12.10%),
the limited educational facilities (var(X) = 10.14%) and social isolation (var(X) = 7.47%). The K-Means
Clustering analysis found that there are six student clusters in Sabah (Cluster A, B, C, D, E & F),
each of which faces different challenges in participating in virtual learning. Based on the assessment
of location, almost half of the total number of districts in Sabah are dominated by students from
Cluster A (9 districts) and Cluster B (4 districts). More worryingly, both Cluster A and Cluster B
are classified as highly vulnerable groups in relation to the implementation of virtual learning. The
results of this study can be used by the local authorities and policymakers in Malaysia to improve
the implementation of virtual learning in Sabah so that the education system can be more effective
and systematic. Additionally, the improvement and empowerment of the learning environment are
crucial to ensuring education is accessible and inclusive for all societies, in line with the fourth of the
Sustainable Development Goals (SDG-4).

Keywords: Sustainable Development Goals (SDGs); higher education; quality education; online
learning; e-learning; Malaysia; Sabah

1. Introduction

Every individual on earth has the right to access a better and fair quality of educational
opportunities regardless of their demographic, socio-economic status, and geographical

Int. J. Environ. Res. Public Health 2022, 19, 11108. https://doi.org/10.3390/ijerph191711108 https://www.mdpi.com/journal/ijerph

https://doi.org/10.3390/ijerph191711108
https://doi.org/10.3390/ijerph191711108
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0001-8683-8848
https://orcid.org/0000-0001-5352-7955
https://orcid.org/0000-0003-3396-2559
https://orcid.org/0000-0003-1242-2887
https://doi.org/10.3390/ijerph191711108
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph191711108?type=check_update&version=1


Int. J. Environ. Res. Public Health 2022, 19, 11108 2 of 16

location. This is in line with the fourth of the United Nations Sustainable Development
Goal (SDG 4), which is to “ensure inclusive and equitable quality education and promote
lifelong learning opportunities for all” [1]. The said education opportunities comprise
pre-primary, primary, secondary, vocational, and tertiary levels, including university [2]. As
stated in the ten goals of SDG 4, to achieve the quality of education, one of the requirements
is to “Build and upgrade education facilities and provide safe, non-violent, inclusive and
effective learning environments for all” [3], be it in the micro, meso or macro context [4].

In reality, there are many students in higher learning institutions that are still not
able to access a fair and decent quality of education, particularly those populations in
developing countries. Various aspects prevent the viability of educational settings so
that they can be accessible to all populations. These include poor facilities in educational
settings, weak teaching content, poor ICT knowledge, and poor network and communi-
cation infrastructures [5–7]. All these factors affect the viability and efficacy of learning
environments. In the state of Sabah, where all these aforementioned problems exist, the
situation became an educational crisis when Malaysia began to impose a national lockdown
in March 2020 to control the spread of the pandemic of COVID-19 [8–13]. The pandemic
of COVID-19 caused a global educational crisis [14], particularly in developing countries.
Most developing countries such as Chile, India, Ecuador, Turkey, Mexico, Romania [15],
China [16], and Malaysia [17,18] have transitioned their educational settings from physical
learning to virtual learning, including in higher learning institutions [15,19], to break the
transmission of COVID-19 [17,20]. In addition, the implementation of remote learning in
the era of COVID-19 is an alternative to physical learning as a result of the extensive closure
of schools and campuses during the period [21–23].

Unfortunately, there are several impediments to drastic changes in the educational
environment from physical to virtual learning, as most developing countries were not
fully prepared to implement comprehensive virtual learning, especially covering all the
regions [24]. These include the lack of information and communications technology (ICT)
infrastructure [24], electricity disruption and power outages [25], poor internet connec-
tion and access problems [26], poor study environments in following virtual learning at
home [18] and low digital literacy among teachers and students [27]. In particular, virtual
learning also poses health risks, both physically and mentally, when online teaching is
conducted rigidly with regimented scheduling. Students have been shown to face health
problems, such as headaches, obesity, body soreness, blurry vision, and eye fatigue [28], a
decline in mental health with complications of stress, anxiety, and depression [29], decreas-
ing sleeping quality [30], social isolation and lack of interaction [18,31,32], and declining
academic achievements [33].

However, not all students demonstrate the same ability to participate in virtual learn-
ing activities, compared to those who could undergo it without problems. Moreover, this
study posits that the more constraints faced by students in virtual learning, the higher
the level of vulnerability faced in participating in the program, as demonstrated in the
case of students in Sabah. In particular, this study argues that the level of vulnerability
among students is broadly influenced by the environment at home and the geographical
location. The existing study also found that there is a parallel relationship between a decent
location and infrastructure and the delivery of virtual learning. Zhu et al., [34], for example,
found that there is a digital divide between urban students and rural students in China.
Almost half of the students in rural areas have not been able to access virtual learning due
to limited ownership of electronic devices.

Almost all states in Malaysia, especially Sabah, are still lagging behind in the avail-
ability of educational facilities, such as poor internet access and limited ownership of
electronic devices [35]. This condition should not be taken lightly, as it could lead to student
dropouts [36]. A strategy of empowerment focusing on vulnerable students should be
implemented following the fourth SDG to ensure inclusiveness for all individuals in getting
educational opportunities, regardless of their geographical location and socioeconomic
status. In the case of Malaysia, at present, there is no study on the condition of vulnerable
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groups among students that are badly affected by the national lockdown measures and
COVID-19, regarding their experiences in virtual learning, particularly in Sabah. This
illustrates the absence of empirical studies seeking to understand how students in higher
institutions in Sabah are coping with the challenges of virtual learning. Moreover, with
Sabah as the second largest state in Malaysia, with the poorest development, each of the
district areas displays a different dynamic of challenges based on its location. Therefore, a
study to identify the location of students in Sabah and the different dynamics of challenges
based on these locations will certainly assist the Malaysian government to address the
diverse needs of students depending on their district areas. This is to ensure that virtual
learning in higher education can be executed more systematically and efficiently in Sabah.
As such, this study aims to explore the challenges faced by students in higher education
in Sabah during the implementation of virtual learning (known as P&P), and identify the
vulnerable groups among students based on their residential location.

2. Methods
2.1. Study Area

Sabah is the second largest state in Malaysia with an area of 73,619 km2. The state
of Sabah consists of five divisions, known as Sandakan (covering 28,205 km2), Tawau
(14,905 km2), Interior (18,298 km2), West Coast (7588 km2), and Kudat (4623 km2). Each
division contains a combination of several districts. For example, the Sandakan division has
five districts, such as Kinabatangan, Beluran, Telupid, Sandakan and Tongod. Meanwhile,
Lahad Datu, Tawau, Kalabakan, Kunak, and Semporna are located in the Tawau Division.
The West Coast consists of Kota Belud, Kota Kinabalu, Penampang, Putatan, Papar, Ranau
and Tuaran. Meanwhile, the Kudat division has the three districts Kota Marudu, Kudat,
and Pitas. Both the West Coast and Kudat divisions have the highest and lowest number of
districts, respectively. The Interior Division, on the other hand, has six districts, namely,
Keningau, Tambunan, Beaufort, Kuala Penyu, Nabawan, Sipitang, and Tenom. In total,
there are 27 districts in the state of Sabah, Malaysia, as indicated in Figure 1.

2.2. Data Collection

This study adopted a cross-sectional online survey among both postgraduate and
undergraduate students in Sabah. The total sample of this study is 1371 students from
three public universities and four private colleges in Sabah. According to Adam (2020) [37],
for the continuous data category with a 99 percent confidence level, only 463 respondents
are needed to represent a population with a value of infinity. Using Adam’s [37] as a
standard requirement for sampling size, this study has already exceeded the minimum
sampling size required to represent the study population. The sample selection for this
study was determined using a purposive sampling technique. Eligibility criteria were
determined using these selections; the sample consists of students in private and public
higher education with an active enrollment status, who are residing in Sabah. As a result of
the national lockdown during COVID-19, the survey was distributed virtually using social
media platforms such as Facebook and Whatsapp using the KoBoToolbox medium. The survey
was conducted from 21 October 2021 to 6 December 2021, equivalent to 47 days.

2.3. Questionnaire Design

The questionnaire in the survey is divided into Section A and Section B. The ques-
tionnaire in Section A focuses on the demographic characteristics of respondents, whereas
Section B concentrates on the challenges of virtual learning among students. There are
35 questions in Section B. All of the questions are measured using the Likert scale with
5 choices, with 1 equivalent to strongly disagree, and 5 equivalents to strongly agree. The
questions in Section B are illustrated in the negative, while the remaining questions are
adapted from previous studies [38–40].
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2.4. Questionnaire Validity and Reliability

This study begins with a pilot study to ensure the validity and reliability of the
instruments that will be used in the survey. According to Johanson and Brooks [41],
the reliability of the survey instrument can be assessed using the Cronbach Alpha with
30 respondents for a minimum sampling. The pilot study for the survey consisted of
50 respondents, exceeding the required minimum sampling.

The results of the validity test in this study show that all the variables in construct B are
valid due to having a correlation coefficient value (rχγ) that is greater than the critical value
for Pearson’s Correlation coefficient r [42]. To measure validity, this study used the critical
value of the Pearson’s Correlation coefficient r with a significance level of 0.5%, which is
only 0.273 [43]. This is proven when the minimum value of the correlation coefficient for
variables in construct B shows a value of 0.299. The results of the reliability test show that
the Cronbach alpha value for construct B can be classified as excellent, which is 0.935 [44].
All these indicators of the questionnaire instruments illustrate that the eligibility of this
study meets the requirements of validity and reliability.

2.5. Data Analysis

The raw data of this study were analyzed descriptively (frequency, percentage and
mean) and inferentially (Principal Component Analysis, K-Means Clustering and Spatial
analysis) using the IBM SPSS (Statistical Package for Social Science) version 26. The
Principal Component Analysis (PCA) application in this study aimed to simplify the
construct B data. The PCA analyzes a data table based on the data observation, which can be
described by several inter-correlated quantitative dependent variables. The PCA also assists
this study in identifying and extracting any essential information from the statistical data
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and represent it as a set of new orthogonal variables called principal components [45]. The
PCA analysis was carried out twice, since the value of the loading factor (commonality) of
the B24 variable, which refers to the inability to focus on virtual learning due to disturbances
in the home environment, when carried out the first time was less than 0.5. Hence, before
starting the PCA analysis for the second cycle, the B24 variables had to be removed. This
is because, according to Kirch et al. [46] and Simanjuntak [47], the eligibility criteria of
variables that can be analyzed should begin with a loading factor of 0.5 and above. Barlett’s
test result also showed a significant value (x2 = 31466.65, df = 561, p < 0.05), indicating that
the sample deserves further analysis. The number of components was identified through
the Scree Plot by considering eigenvalues higher than 1 [48]. This means that the total
number of components formed is five (Figure 2).
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The cumulative value of the variance for the five components amounts to 63.2%
(Table 1). In other words, more than half (63.23%) of the challenges met by higher education
students in Sabah are represented by five components, while the rest are caused by other
factors [49]. In the humanities field, a cumulative value of variance worth 50% is sufficient
for analysis [50].

Table 1. Cumulative values of variance for five components.

Component
Initial Eigenvalues

Total % Variance Cumulative %

1 14.31 42.09 42.09
2 2.60 7.63 49.72
3 1.94 5.70 55.42
4 1.44 4.24 59.65
5 1.22 3.58 63.23

6–24 0.99–0.17 2.90–0.50 66.13–100

The five components were then analyzed using K-Means Clustering. This aims to
group the sample (five components) into six clusters. This follows the purpose of K-Means
Clustering analysis, which is to group data into one group, where the data in one group
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have distinctive characteristics from the data found in other groups [51]. The K-Means
Clustering analysis equation is as follows:

J =
k

∑
i=1

n

∑
j=1

(
xi − vj

)2
= 1 (1)

where xi − vj is the Euclidean distance between point xi and a centroid, vj iterated over all
k points in the ith cluster, for all n clusters.

Several approaches or methods can be used to determine the optimal number of
clusters (k), such as through the Average Silhouette Method, Elbow Method, and Gap
Statistics [52–54],. Nevertheless, the optimal number of clusters (k) of this study was
determined using the Elbow and Silhouette Methods [53,54]. The elbow and silhouette
graphs were produced using machine learning analysis (Jupyter-Anaconda3) and the result
demonstrates the optimal number of clusters (k) to be six, as indicated in Figure 3.
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To simplify the data interpretation process, the five resulting components are presented
using the mean values. The mean values are grouped into five categories, namely, strongly
disagree (1.00–1.80), do not agree (1.81–2.0), neutral (2.61–3.40), agree (3.41–4.20), and
strongly agree (4.21–5:00) [55–57]. This shows that the higher the mean value, the higher
the number of respondents who agree with the statement of one component. The last step is
to present the cluster results in a mapping system using the Geographic Information System
(GIS) application. This mapping process is important in facilitating the identification of
clusters that dominate a certain district based on the data.

3. Results
3.1. Demography

Most of the respondents in this study were single in their marital status (1329 respon-
dents, 96.9%), and a significant majority were studying in public universities (1318 respon-
dents, 95.8%). Based on gender, there were more female respondents (953 persons, 69.5%)
compared to male respondents (418 persons, 30.5%). The respondents in this study were
also, on average, Muslim Bumiputera (821 persons, 60%). A piece of complete information
regarding the demographic background of the respondents is shown in Table 2.
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Table 2. Demographic profile of respondents.

Characteristics Category Frequency Percent (%)

Gender
Male 418 30.5

Female 953 69.5

Marital Status
Single 1329 96.9

Married 42 3.1

Ethnic

Muslim Bumiputera 821 60

Non-Muslim 491 36

Non-Bumiputera 59 4

Institutional Status
Public university 1313 95.8

Private university 58 4.2

3.2. The Challenges of Virtual Learning during COVID-19 in Sabah

Based on the PCA, there are five main challenges faced by students in higher education
during the implementation of virtual learning, as shown in Table 3. On average, most
of these students stated that virtual learning (P&P) from home is (Co1) not conducive
(var(X) = 20.12%). In addition, they also stated that virtual learning from home led to
health problems such as (Co2) the deterioration of physical health (var(X) = 13.40%) and
(Co3) the decline of mental health (var(X) = 12.10%). The results of this study also show
that students face (Co4) limited educational facilities (var(X) = 10.14%) and (Co5) social
isolation (var(X) = 7.47%).

Table 3. Analysis results of main component extraction.

Component (Domain)/Item Loading
Factor

Variance
(%)

Component 1 (Co1) Unconducive learning

(B21) Difficulty concentrating due to tedious virtual learning methods 0.765

20.12

(B22) Likely to feel bored due to limited virtual learning activities 0.750

(B17) Difficulty in understanding the contents of the subject taught 0.729

(B18) Decline of learning productivity 0.686

(B20) Difficulty in completing group assignments digitally 0.676

(B34) Difficulty in becoming proficient in virtual learning 0.670

(B33) I found virtual learning is difficult to implement/follow 0.667

(B35) Using virtual learning is not as easy as conventional
physical learning 0.627

(B15) Liable to sleepiness during virtual class 0.615

(B16) Lack of motivation as the learning environment at home is not
the same as the learning environment at university 0.606

(B8) Lack of motivation due to poor communication through
face-to-face interaction with peers and lecturers 0.561

(B23) Difficulty focusing due to in conducive environment at home 0.538

(B19) Feeling overloaded with university tasks 0.515
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Table 3. Cont.

Component (Domain)/Item Loading
Factor

Variance
(%)

Component 2 (Co2) Deterioration of physical health

(B4) Back pain 0.795

13.40

(B3) Neck pain 0.770

(B6) Eye fatigue 0.753

(B2) Headache 0.681

(B5) Blurry vision 0.680

(B7) Extreme fatigue 0.600

(B1) Insomnia 0.515

Component 3 (Co3) Decline of mental health

(B12) Likely to feel depressed (depression) 0.784

12.10

(B13) Likely to feel stressed (stress) 0.719

(B14) Likely to feel anxious (anxiety) 0.691

(B10) Feeling isolated 0.657

(B11) Lack of personal/physical attention 0.656

(B9) Feeling lonely 0.614

Component 4 (Co4) Limited educational facilities

(B29) My internet access is limited due to the low internet network in
my home area 0.739

10.14
(B30) Frequent power outages at my home 0.689

(B31) My laptop has a slow technical performance 0.679

(B28) My internet access is limited due to the high internet cost 0.666

(B32) I had to share a personal computer (laptop) with my siblings 0.629

Component 5 (Co5) Social isolation

(B25) Poor relationship with coursemates 0.740

7.47(B27) Lack of interpersonal relationships with peers in university 0.713

(B26) Difficulty communicating with peers online 0.637

3.3. Challenges of Virtual Learning Based on Clusters Division

This study found that there are six clusters of students in Sabah, represented by
symbols A, B, C, D, E, and F. The largest number of students is shown in the Cluster A
category (21.1%). Students in the cluster category A face all five challenges. Nevertheless,
the three most frequently experienced challenges that can be seen in all the six clusters are
the following: Co1 (M = 4.39, SD = 0.44), Co2 (M = 4.29, SD = 0.47), and Co3 (M = 4.23,
SD = 0.58). This shows that students in the Cluster A category are the most vulnerable, as
compared to the other five clusters (Table 4; Figure 3). The total percentage of students in
the Cluster C category is the lowest (13.8%). Students in the cluster category A also tend
to experience problems with Co1 (M = 3.83, SD = 0.59), Co2 (M = 3.80, SD = 0.62), Co4
(M = 3.55, SD = 0.73) and Co5 (M = 4.01, SD = 0.75). This study also found that students in
the Cluster F category have the lowest level of vulnerability during the implementation of
virtual learning from home, compared to the other five clusters. Additionally, the average
students in the F cluster category do not agree that virtual learning from home causes Co3
(M = 2.45, SD = 0.75) and Co5 (M = 2.54, SD = 0.73). A detailed explanation of the challenges
of virtual learning from home based on the division of clusters is shown in Table 4. In
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addition, Figure 4 also identifies the level of vulnerability based on the ranking of each of
the clusters.

Table 4. Challenges of virtual learning based on clusters.

Component
Cluster (C) C01 Co2 Co3 Co4 Co5 n %

Mean (M) 4.39 4.29 4.23 4.06 4.07
A Standard

Deviation (SD) 0.44 0.47 0.58 0.58 0.79 289 21.1

Mean (M) 3.96 3.95 3.67 2.44 4.05
B Standard

Deviation (SD) 0.51 0.58 0.67 0.63 0.75 223 16.3

Mean (M) 3.83 3.80 2.52 3.55 4.01
C Standard

Deviation (SD) 0.59 0.62 0.77 0.73 0.75 190 13.8

Mean (M) 3.59 3.11 3.31 3.50 4.11
D Standard

Deviation (SD) 0.58 0.65 0.73 0.68 0.60 225 16.4

Mean (M) 2.86 3.89 3.06 3.02 3.07
E Standard

Deviation (SD) 0.61 0.61 0.90 0.74 0.89 216 15.8

Mean (M) 2.98 2.71 2.45 2.68 2.54
F Standard

Deviation (SD) 0.75 0.69 0.75 0.80 0.73 228 16.6

Mean Value:
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3.4. The Dominance of Student Clusters in Each District in Sabah

The GIS mapping results show that students in Cluster A are in Semporna, Ranau,
Sandakan, Kota Marudu, Tuaran, Kinabatangan, Keningau, Sipitang, and Telupid. Students
in Cluster B are in Kota Kinabalu, Putatan, Tawau, and Lahad Datu. Students in Cluster
C are in Kunak and Kota Belud, Cluster D are in Kudat and Tongod, and Cluster F are
in Beaufort and Penampang. The remaining students in Cluster E are in Papar, Beluran,
and Tambunan. There is also a hybrid result showing that there is more than one location
representing each of the clusters. In these findings based on Figure 5, there is a small
percentage of students in Cluster A and D residing in Kuala Penyu and Pitas; some students
in Clusters A, B, and C are located in Tenom; and some students in Clusters B, E and F are
located in Nabawan.
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4. Discussion

This study found that there are six clusters in Sabah, each of which deals with several
types of challenges, as shown in Figure 3. The findings of this study differ significantly from
those of Aboagye [5], who discovered that higher education students in Ghana are currently
facing eight main types of challenges (social issues, lecturer issues, accessibility, learner
motivation, academic issues, generic issues, learner intentions, and demographics). One of
the most typical challenges faced by students in Sabah and Ghana is limited educational
facilities (Section 3.2). More than half of the total number of students (51.3%) can be
identified in Clusters A, C, and D. In these three clusters, students are identified to face
limitations in their educational facilities, as shown in Table 4. Additionally, the media
reports indicate that as many as 52% of students in Sabah do not have adequate educational
facilities, including internet access and electronic devices, to participate in virtual learning
sessions [58,59]. In some severe cases of poor facilities and searching for internet coverage,
some of these students had to climb a hill [60], while some of them had to walk up to three
kilometers from their homes [61] or visit the nearest decent location, such as a beach [62],
to enable them to access the internet. There is even a small percentage of students in the
most impoverished districts [63,64] who were unable to access the internet and were almost
dismissed from university due to their abstinence from participating in virtual learning [65].

This demonstrates that students’ limited access to educational facilities (poor internet
and electronic device accessibility) is the greatest barrier to their capacity to utilize virtual
learning. The results of this study are consistent with those of Aboagye [5] in Ghana and
Ahmed and Nwagwu [66] in Africa, who discovered that students in developing countries
have the greatest problems when virtual learning is adopted due to limited access to
educational resources. However, this contradicts the results of Muilenberg and Berge [67]
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in their study in developed countries, as they found that costs and internet connection
are less significant barriers to the application of virtual learning. This demonstrates that
geographical factors, whether on a global or local scale, have a considerable effect on the
challenges students face while implementing virtual learning.

Therefore, in the context of this study, to deal with the lack of educational facilities,
empowerment measures should be concentrated in the 15 districts that are considered
rural areas in Sabah. These 15 districts are as follows: Semporna, Ranau, Sandakan, Kota
Marudu, Tuaran, Kinabatangan, Keningau, Sipitang, Telupid, Kunak, Kota Belud, Kudat,
Tongod, Kuala Penyu and Tenom (Section 3.4). Limited educational facilities in rural areas
in Malaysia [68,69], especially in Sabah [70], is not something foreign, as this condition
is also prevalent in most other developing countries, such as India [71], Nigeria [6] and
China [34]. Therefore, empowerment measures should be improved through civil societies
and governmental assistance. Existing governmental assistance to increase the ownership of
computer devices occurs through the Free Tablet Subsidy Scheme [72], the Free 1 Malaysia
Netbook Programme [73], and the 2022 PerantiSiswa Programme 2022 [74]. This assistance
should be extended and enhanced in the 15 rural districts of Sabah.

The impact of virtual learning on the deterioration of physical health, such as is
experienced by students in Clusters A, B, C, and E, should also not be taken lightly, as
the percentage of students in these clusters is large (67%). The number of those facing
physical health problems also exceeds the number of students who suffered from mental
health disorders (Section 3.3). However, the concern over mental health is also alarming, as
students in higher education in Malaysia were reported to be severely affected by COVID-
19. They have been facing complications of mental health, such as stress, depression and
anxiety, during the COVID-19 pandemic [75]. On a different note, the deterioration of
physical health is also caused by the prolonged use of electronic devices, such as computers,
tablets, and smartphones, that expose students to further radiation released from the
screen [76,77], especially during the afternoon virtual learning session [78]. In addition to
the prolonged use of electronic devices, other physical health problems occurred, such as
major vision problems including eye strain, red eye, dried eyes [76], itchiness in vision,
bleary eyes and seeing double, and other related risks such as headaches [79]. Excessive
exposure to radiation over an extended period also risks causing cancer and tumors [78].
Other physical health problems caused by the prolonged use of electronic devices include
skeleton pain, and muscle problems such as neck pain [80,81], back pain, and shoulder
pain [82]. Therefore, several preventive measures can be taken through personal efforts to
reduce the risk of health problems, such as avoiding the prolonged use of electronic devices,
frequent conscious blinking, using matte or non-reflective screens on electronic devices,
and doing light exercises on some parts of the body, such as wrists, hands, neck, arms, legs,
and shoulders [79]. To reduce these problems, the focus of empowerment should be placed
on vulnerable students who predominantly reside in the 21 districts (refer to Section 3.4).

In addition, more than half (67.7%) of the students (Section 3.3) stated that virtual
learning activities are not conducive (Section 3.4). All of these students reside in various
districts in Sabah (Semporna, Ranau, Sandakan, Kota Marudu, Tuaran, Kinabatangan,
Keningau, Sipitang, Telupid, Kota Kinabalu, putatan, Tawau, Lahad Datu, Kunak, Kota
Belud, Kudat, Tongod, Kuala Penyu, Pitas, Tenom and Nabawan). This finding agrees with
the study of Azlan et al. [83], which found that virtual learning limits communication with
lecturers and tends to be dull in its implementation, and thus reduces the capacity to focus
while learning among students. In Sabah, poor digital literacy also further complicates
the issues related to the virtual learning environment (Section 3.4). Limited educational
resources and poor facilities in Sabah have led to poor digital literacy among the population
in the state [58,59].

As such, the existing circumstances of limited access to educational facilities will
certainly hinder digital literacy among students in Sabah, as evidenced by the result of this
study, with 76% of students thinking that virtual learning is not conducive belonging to the
same category as the students with limited educational facilities (Table 4).
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5. Conclusions

In conclusion, there are six clusters of students in Sabah (Clusters A, B, C, D, E and F),
with each of these clusters facing different challenges in participating in virtual learning.
Based on the assessment of location, almost half of the districts in Sabah are dominated
by students from Cluster A with a total of nine districts, and Cluster B with four districts.
Both clusters can be considered highly vulnerable groups in the context of virtual learning.
This shows that the empowerment of vulnerable groups among students in Sabah should
be addressed immediately in tandem with the fourth goal of the SGD, which is to provide
inclusive and high-quality education for all groups. In addition, it can be inferred that
locational disparities in developing countries significantly impact the types of challenges
that higher education students encounter while using virtual learning. The distinction in
location refers to a micro area that encompasses a district or region. In other words, the
degree of susceptibility of the students residing in a state (macro) in a developing nation
varies, and cannot be generalised. This is because it is quite probable that the challenges
experienced by students in the same district and state differ from those described in
this study.

Hence, it is hoped that the results of this study could inform the relevant authorities,
including policymakers and stakeholders, on the empowerment process of virtual learning,
so that it can be delivered more effectively and systematically, whether at the macro or
the micro level. In the context of state management (referring to the macro level), the
priorities of empowerment should be targeted at the most vulnerable districts, based on the
level of vulnerability demonstrated in this study. Meanwhile, at the district management
level (referring to the micro level), local authorities should identify the challenges in their
respective districts to help higher levels, such as state management, with the strategies
for empowerment and improvement that can be carried out in their districts. Similar
empowerment initiatives are relevant not just to Sabah and Malaysia, but also to other
developing nations. Apart from that, this study contributes to the existing literature on
the challenges met during virtual learning, especially in the most impoverished state in
Malaysia, Sabah. Undoubtedly, existing studies have highlighted the challenges of virtual
learning in Malaysia and other countries. Nevertheless, existing studies do not address the
dynamics of location, and the challenges each of these locations faces. Moreover, there is
a lack of studies using the methodology of mapping as an instrument to understand the
challenges in virtual learning, as this study has done. To conclude, this study fills the current
gap in previous studies by assessing the challenges of virtual learning faced by students
based on differences in their residential location using geographical mapping analysis.
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