
Abstract
The Malaysian government has introduced the National

COVID-19 Immunisation Programme (PICK) as a new mecha-
nism to address the transmission of coronavirus disease 2019
(COVID-19). Unfortunately, the number of PICK registrations is
still unsatisfactory and is now even lower. The low level of partic-
ipation of the Sabah (East Malaysia) population significantly
impacts the PICK registrations. Therefore, this study aims to iden-
tify the factors that cause vaccine hesitancy among the people of
Sabah. This study seeks to identify these trends based on zone and
district boundaries. A total of 1024 respondents were sampled in
this study. Raw data collected through the survey method were
analysed using K-means clustering, principal component analysis
(PCA), and spatial analysis. The study discovered that factors
including confidence, authority, mainstream media, complacency,
social media, and convenience are the top causes of vaccine hesi-
tancy among respondents. This study also revealed that the Sabah
population’s key variables causing vaccine hesitancy to vary by
region (zones and districts). The conclusion is significant as a
source of supporting data for stakeholders seeking to identify the
Sabah population’s constraints in each region and therefore, it
would help improve PICK management’s performance in Sabah.

Introduction
The global community is currently shocked by the coronavirus

disease 2019 (COVID-19) transmission, which was first detected
in the mid of December 2019 in Wuhan City, Hubei, China
(WHO, 2020a; Jafar et al., 2021). The impacts of the widespread
transmission led the World Health Organisation (WHO) to declare
a worldwide health emergency by classifying COVID-19 as a pan-
demic (WHO, 2020b). At the same time, the World Health
Organisation (WHO) also issues global guidelines, control , and
infection prevention to all countries and communities as a preven-
tive strategy against COVID-19 infection (Sharfuddin, 2020).
Consequently, almost the entire world population, including
Malaysia, are forced to adopt the new norm practices to break the
chain of the pandemic spread. This new norm practice was initial-
ly a recommendation by the government, which later translated
into standard operating procedures (SOPs) or movement control
order (MCO). Each individual is compulsory to abide by the set
SOPs such as using a face-covering in public areas, washing hands
regularly, using hand sanitiser, observing physical distance, and
checking body temperature before entering the premises (Wong et
al., 2021). Not only that, the practice of SOPs in Malaysia also
includes home-based online learning (Selvanathan et al., 2020;
Coman et al., 2020), work from home practice (Hashim et al.,
2020; Lee et al., 2020; Mumin, 2020), restrictions on overseas
travel (Hafifi et al., 2021), and, limiting business operation hours
(Ratnasingam et al., 2020).

Nevertheless, it is undeniable that the new norms in Malaysian
daily life since March 2020 make people’s lives even harder. The
evidence is that the implementation of MCO or lockdown in
Malaysia (Rahman et al., 2020) and several other countries
(Brodeur et al., 2020) negatively impacts the economy, either at
the individual or national level. Among them is the increase of the
unemployment rate (Rahman et al., 2020) and loss of income
(Sundarasen et al., 2020). Among the most affected sectors includ-
ing tourism, hospitality, real estate, housing, aviation, and sport
industries (Nicola et al., 2020). This condition indirectly catalyses
other problems such as the increase in mental health problems
(depression and anxiety), especially among young people, stu-
dents, women, and the poor (Elengoe, 2020; Perveen et al., 2020;
Wong et al., 2021). Yee et al. (2021) found that about one in three
individuals in Malaysia experienced mild to severe depression
during MCO. Therefore, it is not surprising if there is an increase
in suicide cases during the MCO period, among others, due to fac-
tors of mental health problems (Dermawan, 2020; Wong et al.,
2021; McCartan et al., 2021). This situation demonstrates that the
long period implementation of MCO inadvertently causes new
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difficulties in society and country. Therefore, boosting herd immu-
nity is the best solution to ensure that the people’s social life
returns to normal. To attain the goal, the Malaysian government
has implemented the National COVID-19 Immunization Program
(PICK). In this program, 80% (23.6 million) of the Malaysian pop-
ulation would have received the vaccine by February 2022 (The
Special Committee for Ensuring Access To COVID-19 Vaccine
Supply, 2021). Studies have shown that to stop the virus, 60% to
90% of the total population needs to be vaccinated (Fine et al.
2011). However, other factors, such as the number of infections
and the vaccine’s efficiency, also influence the overall efficiency
(Phizackerley, 2021; Kadkhoda, 2021). 

Regrettably, the PICK registrations remains unsatisfactory due
to the low enrolment (Ridauddin Daud, 2021). This low enrolment
is greatly influenced by the level of participation of the Sabahans
(East Malaysia). Based on the data, among all states in Malaysia,
Sabah recorded the lowest percentage of vaccine registrations
(Durie, 2021) to date (1 July 2021) (COVID-19, 2021) [Vaccine
Supply Assurance Special Committee (JKJAV)]. Therefore, this
study aims to identify the factors that cause vaccine
hesitancy/refusal among the people of Sabah. This study seeks to
identify this pattern based on the boundaries of zones and districts.
It is critical to figure out whether vaccine reluctance factors are the
same in each zone and district, or vice versa.

Materials and methods

Study area and participants
Sabah is one of the states in Malaysia with total population of

3,904,500 people (Department of Statistics Malaysia, 2021). A

total of 1024 Sabahans were participating in the survey. Therefore,
based on the Krejcie and Morgan (1970) Table, the sampling num-
ber for this study is considered sufficient to represent the study of
the Sabah whole population. The sample in this study consisted of
residents in the Northeast Zone (9.2%), Southeast Zone (9.6%),
Southwest Zone (13.7%), Interior Zone (17.6%), Northwest Zone
(21.9%) and Midwest Zone (28.1%). Except for the Midwest Zone
(3 districts) and Northeast Zone (5 districts), the majority of
Sabah’s zones (Northwest Zone, Southwest Zone, Interior Zone,
Southeast Zone) are made up of a combination of four districts
(Figure 1).

Questionnaire (Google Form)
Respondents in this study were randomly selected and had

answered the questions given through an online google form. Data
collection process was carried out for about two weeks, from
March 30, 2021 to April 15, 2021. The questions asked to respon-
dents are in the form of a likert scale with five answer choices,
namely ‘1 = strongly disagree,’ 2 = disagree, ‘3 = less agree, ‘4 =
agree and’ 5 = strongly agree. All items (18 items) of the Likert
scale question were negative. This means respondents who
answered score 5 (strongly agree) demonstrated a very negative
perception towards PICK while the answer score 1 (strongly dis-
agree) had the opposite impression (Figure 2). The questions used
in this study were adapted from Fauzi et al. (2016), Fauzi et al.
(2018), Rumetta et al. (2020) and Sallam (2021). 

Statistical analysis
This study employed several forms of analysis, including K-

means clustering, principal component analysis (PCA), and spatial
analysis. K-means clustering divides respondents based on the
function of the method, which is to produce groupings of variables

                   Article

Figure 1. Position of zones and residents in the State of Sabah. Source: Modified from Sabah Town Planning, 2021.
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with a high degree of similarity within each group and a low
degree of similarity between groups (Hastie et al., 2009;
Morissette and Chartier, 2013). In general, to cluster a large
amount of data, the K-Means technique (non-hierarchical cluster-
ing) is preferable because it has a higher speed than the
Hierarchical clustering Technique (Johnson and Wichern, 2007;
Damayanti and Wijayanto, 2021). Given that the sample size in
this study falls into the large category (1024 respondents), the
usage of the K-means technique is vital. The K-means algorithm
defined above aims at minimizing an objective function, which in
this case is the squared error function. The objective function for
the K-means clustering algorithm is the squared error function.
The formula are shown below:

J= ∑k
i                                                  =                                            1 ∑n

j                                                  =                                            1 (‖xi – vj‖)2 =1                                                          (1)

where,
‖xi – vj ‖ is the Eucledian distance between a point, xi, and a cen-
troid, vj iterated over all k points in the ith cluster, for all n culsters.

Figure 3 demonstrates the elbow and silhouette graphs that
were designed using machine learning analyses (Python). Both
methods (elbow and silhouette method) were utilised to determine
the best number of clusters (Rousseeuw, 1987; Damayanti and
Wijayanto, 2021). Based on the two graphs, it is found that the
answer can be divided into two main clusters (Cluster 1 and
Cluster 2). The clustering results using K-means analysis revealed
that respondents in Cluster 2 demonstrate a negative perception
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Figure 2. Variables used to explain the factor of vaccine hesitancy among the Sabahan Community.

Figure 3. Cluster number determination technique based on the elbow and silhouette method.

                                                                         [Geospatial Health 2022; 17(s1):1037]                                                        [page 77]

Non
-co

mmerc
ial

 us
e o

nly



[page 78]                                                          [Geospatial Health 2022; 17(s1):1037]                                      

towards PIVCK compared to respondents in Cluster 1. This is evi-
denced when the Z-score values of all Cluster 2 variables are pos-
itive in values. In contrast to Cluster 1, all its variables were found
to have negative status Z-score values (Figure 4). This indicates
that the Cluster 2 respondents are among those who are hesitant or
refuse to receive the vaccine (vaccine hesitancy). As a result, fur-
ther analysis will only focus on Cluster 2.

The next step is conducting a PCA analysis using Cluster 2 The
results of the PCA analysis are presented in the form of thematic maps
using the geographical information system (GIS). The purpose of the
thematic map is to demonstrate the distribution pattern of selected
themes (Slocum et al., 2009). The factors of vaccine hesitancy will be
presented using a choropleth map capable of showing the distribution
of values based on colour tones. The classification approach employed
is a natural break that optimizes classification by minimising variance

within classes and increasing variance between them (Jenks, 1967).
Meanwhile, PCA is a multivariate technique that analyses a

data table in which several inter-correlated quantitative dependent
variables describe observations. Its goal is to extract the critical
information from the statistical data to represent it as a set of new
orthogonal variables called principal components (Mishra et al.,
2018). The Bartlett’s of Sphericity values should first be identified
before forming the principal components (Yahya et al., 2019). In
this study, Bartlett’s test indicates a significant value (P<0.01).
Therefore, the sample is eligible for factorisation and can be fur-
ther analysed. Based on the Scree Plot readings, it was found that
a total of six main components were successfully produced (Figure
5). The cumulative value of the variance of the six main compo-
nents amounted to 61.81% (Table 1). This suggests that the six pri-
mary components influence up to 61.81% of vaccination hesitancy
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Figure 4. Community reaction towards PICK based on clusters.

Figure 5. Number of components produced.
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factors, with the balance influenced by other factors (Nasution,
2019). Thompson (2004) and Hair et al. (2010) opined that only
total variances exceeding 60% are acceptable. However, the
explained variance in the humanities was commonly as low as 50
to 60% (William et al., 2010). As a result, the proportion of total
variation in this analysis should be accepted. The following proce-
dure is to determine the value of the loading factor of each vari-
able. According to Fauzi et al. (2014) and Simanjuntak (2018),
variables with loading factor values greater than 0.5 are signifi-
cantly classified in the main components (Table 3).

Results

Demographic profile of the vaccine hesitancy 
The demographic profile of the vaccine hesitancy cluster is shown

in Table 2. The study found that more than half (62.7%) of the respon-
dents had not registered for PICK. In this cluster, the majority of
respondents were female (53.7%) compared to men (46.3%), and
those who single status were more (61.4%) than those who were mar-
ried (38.6%). Therefore, it is not surprising that the majority (82.5%)
of this cluster consists of young people. In addition, more than half of
the respondents in this cluster were university graduates. 

                                                                                                                                Article

Table 1. Variance and cumulative values of main components.

Component                                                                                   Initial Eigenvalues
                                                   Total                                                 % Variance                                                  Cumulative %

1                                                                3.893                                                                        21.630                                                                                 21.630
2                                                                2.181                                                                        12.117                                                                                 33.747
3                                                                1.519                                                                         8.441                                                                                  42.188
4                                                                1.341                                                                         7.448                                                                                  49.636
5                                                                1.149                                                                         6.384                                                                                  56.020
6                                                                1.042                                                                         5.786                                                                                  61.807
7                                                                0.961                                                                         5.338                                                                                  67.145
8-18                                                          0.812-0.336                                                         4.512-1.846                                                                          71.66-100

Table 2. Demographic profile of respondents based on the vaccine hesitancy cluster.

Item                                             Category Cluster 2
                                                                                                   Frequency                                                                       %

Registration status                                 Registered                                                198                                                                                                   37.3
                                                                    Unregistered                                            333                                                                                                   62.7
Gender                                                      Male                                                           246                                                                                                   46.3
                                                                    Female                                                       285                                                                                                   53.7
Age                                                             18-40                                                           438                                                                                                   82.5
                                                                    >41                                                              93                                                                                                    17.5
Marital status                                          Single                                                         326                                                                                                   61.4
                                                                    Married                                                     205                                                                                                   38.6
Educational status                                  University                                                  310                                                                                                   58.4
                                                                    High school and below                          221                                                                                                   41.6
Employment status                                Civil servants                                             83                                                                                                    15.6
                                                                    Private sector employees                     130                                                                                                   24.5
                                                                    Self-employed                                           98                                                                                                    18.5
                                                                    Not working                                               70                                                                                                    13.2
                                                                    Student                                                      150                                                                                                   30.9
Total sample size                                    531                                                              100

Table 3. Analysis result of main component extraction.           

Item (Domain)             1          2           3             4             5         6

Confidence                                                                                                          
In1                                         0.763                                                                                
In2                                         0.805                                                                         
In5                                         0.761                                                                                
In9                                         0.740                                                                         
Ex7                                        0.636                                                                                
Authority                                                                                                              
In4                                                        0.683                                                                
In10                                                     0.809                                                           
Ex8                                                       0.798                                                                
Mainstream media                                                                                            
Ex1                                                                        0.784                                                
Ex2                                                                    0.771                                            
Ex3                                                                        0.685                                                
Complacency                                                                                                      
In7                                                                                            0.745                             
In8                                                                                       0.840                           
Social media                                                                                                                
In3                                                                                                        0.600          
In6                                                                                                               0.671          
Ex4                                                                                                       0.585          
Convenience                                                                                                                
Ex5                                                                                                                   0.590
Ex6                                                                                                                   0.783
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Factors of vaccine hesitancy among the community in
Sabah 

The PCA analysis conducted on the Cluster 2 respondents
found six main factors (domain) that caused vaccine hesitancy in
Sabah. The first is due to a confidence issue (Component 1) with a
variance value of 21.63. On the other hand, the second factor is
related to the authority issue (variance =12.12). Apart from that,
mainstream media weakness (Component 3) also limits the success
of PICK in Sabah (variance =8.44). This study also found that
complacency issue (variance =7.45) and social media influence
(variance =6.38) impact the respondents’ decisions to not partici-
pate in PICK. The last factor that causes vaccine hesitancy is relat-

ed to the convenience issue (Component 6), with a variance value
of 5.79. 

Factors of vaccine hesitancy based on geographical
space in Sabah 

When examined in detail depending on the geographical loca-
tion of Sabah, it is discovered that a variety of factors causes vac-
cination hesitancy. Most respondents living in the Southwest Zone,
for example, reacted negatively towards PICK due to confidence
issues (Z-scores =0.1486), particularly in the Papar district (Z-
scores =0.3058). In contrast to the situation in the Southeast Zone,
residents in the zone reacted negatively towards PICK due to

                   Article

Figure 6. A and B) Factor of vaccine hesitancy due to confidence and authority issues.

Figure 7. A and B) Factor of vaccine hesitancy due to weakness of mainstream media and complacency issues.
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authority (Z-scores =0.1529) and complacency issues (Z-scores
=0.2536) (Figures 6B and 7B). Respondents in Kunak district
reacted the most negatively towards PICK due to authority issues
with Z-scores value of 0.7371 (Figure 6B). Semporna district did
not show interest in PICK due to complacency issues with a Z-
scores value of 0.3806 (Figure 7B). For the Midwest zone, most
respondents in the area perceived negatively towards PICK due to
the weakness of mainstream media (Z-scores =0.0394) (Figure
7A). Respondents who less agreed with PICK due to the social
media influence were mainly in the Northeast Zone (Z-scores
=0.2522), particularly in Tongod (Z-scores =0.8147) and Telupid
districts (Z-scores =0.5045) (Figure 8A). The study also found that
most respondents living in the Interior zone find it challenging to
participate in PICK due to convenience factors (Z-scores =0.4767),
especially in Nabawan (Z-scores =1.3878) and Ranau districts (Z-
scores =0.7622) (Figure 8B).

Discussion
Respondents residing in different locations have their own rea-

sons or limitations for participating in PICK. In other words, the
vaccination reluctance factor varies by region in Sabah. According
to the SAGE Working Group’s 3C model, vaccination hesitancy is
caused by three primary factors: complacency (poor understanding
of the risks of diseases that vaccines can prevent), confidence
(faith in health professionals, vaccines, and their effectiveness),
and convenience (availability and accessibility to vaccines and
health services) (MacDonald, 2015). Interestingly, this study found
that three other additional factors cause vaccine hesitancy other
than those raised by MacDonald (2015). The different factors
include issues of authority and mainstream media and social media
(Table 3). For residents residing in rural areas such as Tongod and
Telupid Districts (Notheast Zone), most do not want to participate
in PICK due to social media influence (Figure 8A). They readily
believe in vaccine-related viral information and assumed that the

vaccine is a conspiracy (Table 3). According to Rashid and Samat
(2018), the level of education of rural communities in Malaysia is
generally lower than urban communities. As a result, it is not sur-
prising that the rural people in Sabah is more likely to believe neg-
ative social media viral information. This is due to the fact that
education has a significant impact on a person’s capacity to anal-
yse, assess, and deduce information from social media (Purandina
and Winaya, 2020). Moreover, the use of social media in the
COVID-19 pandemic era was increasing (Wong et al., 2020).
Residents living in Nabawan and Ranau Districts (Interior Zone)
are less interested in participating in PICK due to Convenience
issues (Figure 8B). The reason is relevant since basic infrastructure
facilities in the interior zone, particularly the telecommunication
network, are severely lacking (BERNAMA, 2021).
Telecommunication network facilities are critical because vaccine reg-
istration techniques generally rely on internet channels (JKJAV, 2021).
This situation is further complicated when none of the Vaccination
Centres (PPV) located in Nabawan District (JKJAV, 2021).

Residents residing around the city centre (Midwest Zone) are
less interested in participating in PICK due to the Weaknesses of
the Mainstream Media (Figure 7A). Aside from not trusting the
information obtained from the mainstream media, most of them
also assumed that information on the COVID-19 vaccine in the
media is still insufficient (Table 3). Hu and Kurokami (2017)
found that urban communities, especially young people, have
higher literacy levels and more critical thinking than rural commu-
nities. Due to this, the highly literate society is no longer easily
influenced by the mainstream media (Tiung et al., 2018) which is
often considered propaganda (Besar et al., 2015). The low reliance
on mainstream media leads urban communities to use social media
as an alternative source of information (Atmi et al., 2018).
Residents residing in the Southeast Zone were less interested in
PICK due to authority issues (Figure 6B) and complacency (Figure
7B). This is because most of them only want to be vaccinated when
the government makes it mandatory for each individual or, after
many of the population have been vaccinated (Table 3). Such
actions are common as the Malaysian government does not make

                                                                                                                                Article
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vaccination mandatory (JKJAV, 2021). With regard to complacen-
cy factor, respondents in the Southeast Zone assume that there is
no need to take the vaccine as many COVID-19 patients recovered
without being vaccinated. They also believed that SOP practices
were adequate to prevent the transmission of COVID-19 even
without vaccination (Table 3). Such perceptions indicate that the
group believe the COVID-19 pandemic did not seriously harm. A
similar response has been shown by a group of Muslims in several
other countries such as Pakistan, Afghanistan, Nigeria, and South
Africa. The group argues that humans are designed to naturally
develop immunisation against viruses without using vaccines
(Maravia, 2020). This understanding started from the interpreta-
tion of Qur’an verse that reads ‘We have indeed created man in the
best of molds’ (The Qur’an, 2004). From the verse, this group
believes the human body is ‘miraculous in nature and more amaz-
ing than any scientific advancement that man can achieve’
(Maravia, 2020). This suggests that religious beliefs influence a
person’s behaviour to decide whether to take the vaccine or vice
versa.

Conclusions
In conclusion, this study found that the constraints faced by

residents in Sabah to participate in PICK are different in each area.
These constraint factors can generally be grouped into six main
domains: confidence, authority, mainstream media weaknesses,
complacency, social media influence, and convenience issues. The
existence of different constraint factors in each area demands the
stakeholders to be more aware in solving the problem. This is
because no specific method is suitable to be applied to solve the
problem in all the areas that experience different constraints. As a
result, each sector requires a different approach. The federal agen-
cies which were responsible for the vaccination program should
provide channels for locals in Sabah for them to be heard of espe-
cially on issues related to the efficiency of the vaccine itself.

This study’s outcomes would help stakeholders better identify
problems or constraints experienced by the community of Sabah
(East Malaysia) in each location. This will make it easier to man-
age PICKs more effectively and systematically.
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