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There have been concerns globally as to whether taking COVID-19 vaccination is harmful or
not. In this study, we conducted an online survey to measure the knowledge and attitude of
people, first about COVID-19, and second about COVID-19 vaccination—various analyses
such as descriptive statistics, logistic regression, and support vector regression with k-fold
cross-validation. The support vector machine and tuned support vector machine suggest a
better fit based on cross-validation error. The results show that immigration requirements
significantly explain why an individual would accept the COVID-19 vaccine. This study
suggests that people in authority should look into people's concerns regarding taking the

COVID-19 vaccine and address them accordingly. The study aims to draw the attention of the
people to the concern that surrounds taking COVID-19 vaccination and explored various
statistical techniques to draw inference.

1. INTRODUCTION

The human coronavirus was first discovered in 1965,
responsible for a significant proportion of upper respiratory
tract infections in humans. The study also showed that no
fewer than five mutations of new human coronaviruses have
been discovered, which has resulted in illness and mortality [1,
2]. Severe Acute Respiratory Syndrome (SARS) outbreak
started in southern China in 2002-2003 as a form of
coronavirus and spread worldwide. The outbreak of SARS was
found in twenty-nine (29) countries in Asia, North America,
South America, and Europe. 774 SARS-related mortalities
were reported during this period, while 8098 individuals have
infected altogether [1]. Sometime in late 2019, an acute
respiratory disease caused by SARS emerged named COVID-
19. It was first discovered in Wuhan, China, and has claimed
thousands of lives since it was first discovered.

In late 2021 deadly respiratory diseases were discovered,
which have mutated from SARS called delta and Omicron
variant. In the light of this, the World Health Organisation
warns that the variants should not be trivialised as they can be
equally deadly as or more than COVID-19 [3]. There are
measures to avoid the spread of the COVI-19 virus, including
social distancing, wearing nose masks, and washing of hands.

Vaccination is known to be a preventive measure against
infectious diseases. Infectious diseases have become a threat
to people’s lives for many years, and controlling the spread of
these infectious diseases has become essential [4]. Vaccination
against infectious diseases has been broadly used to reduce the
rate of spread or eliminate their spread [5-8].

History has it that Edward Jenner was the founder of
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vaccinology in 1796, in a way to inoculate against smallpox.
Ever since, other vaccines to inoculate against epidemics such
as polio, Cholera Vaxchora, Human Papillomavirus (HPV),
Hepatitis B, Yellow fever, and many more.

The COVID-19 vaccines, on the other hand, is said not to
prevent contracting the SARCOV virus but it helps a
vaccinated person not to feel the impact of the virus as much
as a person who is not vaccinated.

According to Rahman and Zou [9], vaccines teach one’s
immune system to recognise and fight against the COVID-19
virus, thereby preventing illness should one contract the virus.
COVID-19 vaccines such as AstraZeneca, Moderna, and
Pfizer are being taken as more vaccines are being developed.
The associated side effects of the COVID-19 vaccines that
may occur include but are not limited to pain and swelling on
the spot (usually the left shoulder), tiredness, headache, mild
fever, and severe rare side effects. The study of ref. [10-15] are
related studies to the attitude and practises of health-workers
can towards COVID-19 vaccination.

In this study, a survey on the knowledge and attitude of
people towards COVID-19 vaccination and analysed using
descriptive statistics, logistic regression, and support vector
regression. The remaining part of the study includes the
methodology in section 2, results in section 3, summary and
conclusion in section 4, recommendation in section 5.

2. METHODOLOGY

The logistic regression and support vector machine
technique is used to analyse the data. The procedures are
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highlighted as follows:
2.1 Logistic regression

The response variable in this study is binary, codes as
(vaccinated=1, not vaccinated=0), and binary response
variable cannot be modelled using linear regression. If the
response variable is binary, the binary logit model applies to
the model an outcome's probability. Consider a linear
probability model:

P(X) = fo + 1 X (1)
Logistic regression uses the logistic function
eﬁO"’ﬁlX 2
PO = T em @
From (2) we obtain the odd ratio is expressed as
ﬂ = eBotBrX (3)
1-PX)
Further workings give
P(X
log (1_(—,3())0) =By + BiX )

The left hand side of (4) is known as logit or log-odds.
The parameters 8, + f; in Eq. (2) to (4) can be obtained
using the maximum likelihood estimation approach.

2.2 Support vector classifier

The support vector classifier (SVC) classifies observations
into hyperplanes. The idea of determining a hyperplane that
separates observations distinguishes the SVC from classical
techniques such as logistic regression. SVC classifies
observations based on the side of the hyperplane it falls on. If
we have parameters By, fy,B; -.,Bp, a p -dimensional
hyperplane can be described expresses as:

H=po+ B Xy + BoXy + -+ ﬁpo Q)

If a point X = (Xl,Xz, ...,Xp)T in p -dimensional space
satisfies H = 0 then X lies on the hyperplane. If H > 0, then
X lies to one side of the hyperplane, and H < 0 then X lies on
the other side of the hyperplane. So, the sign of H, in (5) after
calculating would determine the side of the hyperplane a point

falls.
SVC is the solution to the optimization problem

max. M
Bo.B1rBp€1,nn (6)
Subject to

P
Q=1 (7)
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where, M the width of the margin of the optimization problem,
and the aim is to make M large as possible, and C is a non-
negative tuning parameter. C is important in the statistical
learning technique because it helps in the bias-variance trade-
off [16].

2.3 Support vector regression

The support vector machine (SVM) is an extension of the
support classifier to include non-linear class boundary.
Support vector classifier suitable if the boundary between two
classes is linear and not suitable in the case of non-linear
boundaries. The support vector machine uses kernels to
enlarge the feature space to give room for a non-linear
boundary between the classes. If we have two observations
x;, and x; then their inner products can be expressed as

p
Cco ) = ) xiy (10)

=t

The linear SVC can be expressed as

P
) =Bo+ ) (%) (1)

=1

» d
K(xpx) =1+ ) x;xj; (12)
(3

where, (x;, x;) is the inner product of two observation x;, x;
and K is known as the kernel. The function of K is to compare
the similarity of two observations. If d > 1 in Eq. (12), we
have an SVC algorithm with a significantly flexible decision
boundary, if d = 1, we have a support vector classifier. The
combination of support vector classifier with a non-linear
kernel such as that of (12) results in a support vector machine.

FG) = Bo+ ) K (%) (13)
i=1

The output of the support vector regression follows the Eq.
(13), just as we have in the general linear model, and there are
n parameters «; , i =1,2,...,n, one for each training
observation. It follows that a;eR\{0} apply only to support
vectors in the solution. Thatis, a; would only zero if a training
observation is not a support vector.

2.4 The data

An online survey was conducted between 30th November
2021 and 4th January 2022. The participants include people
residents in Nigeria (88.3%) and non-Nigerian residents
(16.7%). Table A1 comprises of the respondents' demography
characteristics, "Vaccination Status," and the "Type of
COVID-19 Vaccine taken". Table Al contains the abridged
questions; complete questions can be accessed online [17].

2.5 Method of analysis
The Statistical Package for the Social Sciences (SPSS) was

used to obtain the frequencies in Tables A1, Table A2, Table
A3, Table A4, and Table A5, while Figure B1 was obtained



from the Google form completed by respondents. A software
package by R Core Team [18] was used to fit the regression
model and the Support Vector Regression model. Packages
such as “el071” by Meyer et al. [19], “hydroGOF” by
Zambrano-Bigiarini [20], and “boot” by Canty and Riple [21].
Functions in the package “e1071” were used to fit the Support
Vector Regression (SVR) model, the functions in the
“hydroGOF” package were used to obtain the errors, while the
functions in the boot were used to obtain the cross-validation
error. 10-fold cross-validation was used for SVR and the
logistic regression. It means that data was divided into ten
folds, 90% training set, and 10% testing set in each of the ten
iterations.

3. RESULTS

Table Al in the appendix reveals that the respondents are
more non-health workers than health workers. There were also
more males than females, with five respondents. Christians are
significantly more than Muslims. Table Al also shows that
more people who have been vaccinated (56.8) were more than
those who have yet to be vaccinated (43.2%). Table Al also
revealed that the respondents took more AstraZeneca Vaccine
more than any other vaccine. The results show that 155
(83.60%) health workers have been vaccinated, while 118
(50.48%) of Non-Health Workers have been vaccinated,
shown in Table A4.

Table Al to Table A5 in the appendix contains the detailed
tabulation of the responses. Responses relating to reasons why
people would not like to take the vaccine are tabulated in Table
A5 sought to identify why people would not want to take the
COVID-19. Table A5 reveals that 79 (28.9%) believed it was
due to a lack of correct information about the vaccine. 3 (1.1%)
opined that it was due to religious reasons, 45 (16.5%) said it
was due to the side effect. 7(2.6%) said it was because of an
underlying ailment, 99 (36.3%) could not give any reason in
particular, and 40 (14.7%) mentioned other reasons.

Other reasons people would not take the vaccine include:

(i) It is not working. Individuals with the vaccines
contract it, so what's the use?

(i) Clinical research is not at a convincing level yet

(iii) Worried over the wearing of facial masks and
other preventives and doubts about the potency
of the vaccine.

(iv) Information about the virus isn't adequate

(V) Lactating mothers have no information on how it
affects their babies

(vi) Think there is a plan to introduce the antichrist
through the vaccine; otherwise, the drug
discovered should have been given at least a little
more push compared with the ineffective
vaccines

(vii) Uncertainties surrounding the vaccine

As mentioned under section 2.4, k-fold cross-validation was
used to determine the cross-validation error. The results are
presented in section 3.1 and 3.2 respectively.

3.1 Logistic regression
From Table 1, each one-unit change in the number of people

who would take the COVID-19 vaccine based on travel
requirements will decrease the log odds vaccination status by
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0.9467, and its p-value indicates that it is significant in
determining vaccination status. The response variable for
vaccination status was coded (Not Vaccinated=0,
vaccinated=1). V.trav.Req in Table 1 stands for “vaccinated
based on travel requirements,” was coded as (N0=0, may be=1,
and Yes=2). V.NRA stands for not vaccinated due to
unavailability of vaccines was not significant.

Table 1. Logistic regression output

Estimate Std. Error  zvalue Pr(>)z])

(Intercept) 1.3514 0.3648 3.704 0.000212
V.trav.Req —0.9467 0.1656 —5.717 1.08e —08
V.NRA —0.1470 0.1170 —1.257 0.208902

Since V.trav.Req is significant; from Eq. (2), we calculate
the probability as follows:

£1:3514—(0.9467x2)

1 + e1.3514-(0.9467x2)

Pr(C.V =Yes|TR = Yes) =

058158 03677
T 158158
£1:3514—(0.9467%0)
Pr(C.V = Yes|TR = No) = 1 4 e(1.3514-0.9467x0)
38628 07943
T 48628

Therefore, the probability that an individual would take
COVID-19 vaccination based on immigration requirements is
0.3677, while the likelihood that an individual would take
COVID-19 vaccination based unconditionally is 0.7943. The
results suggest that most COVID-19 vaccinated individuals
did not get vaccinated based on travel or immigration
conditions; they took it for preventive purposes.

Cook's dist vs Leverage h‘,f(‘l —hy)

2 1.8_.7 16
R Jore .
s P e 1.4
w T
= 4 =]
= o, o -
o v P
- -
LA e
[ - 1.2
z @ L .
[= [=] e -7
@ =
= =]
w
v
<]
S
&)
uw
[=]
s 4
o
=1
=]
g
o

0.005 0.01 0.015 0.02 0.025

Leverage h;
glm{¥ STATUS ~ V.trav.Reg + V.NRA)

Figure 1. Cook’s distance versus Leverage

Figure 1 shows Cook’s distance versus the Leverage plot;
the points towards the top right shows that large leverage and
are potentially influential points in the logistic regression
estimation.

3.2 Support vector regression
Table 2 shows the estimated parameter using logistic

regression, support vector regression (SVR), and tuned SVR
with their corresponding The Root Mean Square Error



(RMSE) and Mean Square Error (MSE). The RMSE measures
how spread out the residuals are from the regression line. The
MSE assesses the mean squared difference between the
observed and predicted values. A model with a lower RMSE
and MSE suggest a better fit. The tuned SVR produced the
least SVR, suggesting the most reliable model among the
trained models.

Table 2. SVR, tuned SVR and logistic regression parameters

Logistic Reg SVR Tuned SVR
Intercept 1.3514 0.19333 0.11758
V.trav.Req -0.9467 -5.46892 -4.94196
V.NRA -0.1470 -0.33048 -0.3864
RMSE 0.8086 0.50421 0.49670
MSE 0.6539 0.25423 0.24671
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Figure 2. (a) Plot of original, logistic regression; (b) Plot
of original, logistic regression, and support vector regression

Figure 2a shows the plot of Original and logistic regression;
the black dotted zigzag lines represent the original data, while
the red line shows the logistic regression fit. Figure 2b shows
the plot of actual data, logistic regression, and support vector
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regression. The logistic regression and support vector
regression almost overlap, which indicates that there is not too
much difference in the estimated results, such as mentioned by
Odekina et al. [14], due to similarity in their loss function. The
most preferred model would be determined based on
estimation error.
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Figure 3. Plot of original, logistic regression, support vector
regression, and tuned support vector regression

Figure 3 shows the original data plot, logistic regression,
support vector regression, and tuned support vector regression.
The logistic regression, support vector regression, and tuned
SVR almost overlap, which indicates that there is not too much
difference in the estimates of the results. However, the choice
model is the tuned SVR based on the RMSE values. The tuned
SVR has an RMSE value of 0.49671 relative to the SVR and
logistic regression of 0.5042 and 0.8086, respectively.
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Figure 4. Performance of SVM

Figure 4 shows the performance of SVM. The figure shows
that SVM's best performance is 0.250, following the tuned
SVR to identify the best model. The best model can be
identified with the lowest MSE (0.24671) in Table 2,
approximately 0.2500. The lower part of the plot, which is also
the darker region, provides the best model from trained models.



To measure the Knowledge, Perception, and Attitude of
Respondents on COVID-19 Vaccination, we conducted a T-
test and presented it in Table 3.

Table 3. T- test for the significance of knowledge, perception
and attitude of respondents on COVID-19 vaccination

T df Sig. (2- Mean  95% L- 95%

tailed) difference  C.I U-C.1

Knowledge 9.322 272  0.000 .637 .50 0.77
Perception  -46.50 272  0.000 -2.293 -2.39  -2.20
Attitude 5.220 272 0.000 0.601 037 0.83

Table 3 present shows the results on the knowledge of the
subject of COVID-19 Vaccination. The 95% L-C.I stand for a
95% lower confidence interval of the difference while 95% U-
C.I stand for a 95% upper confidence interval of the difference.
The null hypothesis that the respondents do not have
significant knowledge of the issue of Vaccination was rejected
ata T-value of 9.322, 272 degrees of freedom, p-value (0.000).
We then conclude that the respondents are knowledgeable
about COVID-19 Vaccination.

In perception, the null hypothesis of the respondents having
conservative ideas on the subject of Vaccination was rejected
at the T-value of -46.50, 272 degree of freedom, and p-value
(0.000). We then conclude that the respondents are not
conservative about the idea of COVID-19 Vaccination. Finally,
on attitude, the null hypothesis of the respondents having a
repulsive attitude towards COVID-19 Vaccination was
rejected at the T-value (5.220), degree of freedom 272, p-value
(0.000). We then conclude that the respondents do not have
repulsive attitudes towards COVID-19 Vaccination.

4. SUMMARY AND CONCLUSION

In this study, a survey was conducted to sample respondents’
knowledge, attitude, and perception on COVID-19 and
COVID-19 vaccination. An online survey was conducted, and
responses were analysed. The results show that 155 (83.60%)
of health workers have been vaccinated, while 118 (50.48%)
of Non-Health Workers have been vaccinated. The study aims
to determine the factors contributing to people's decision to
either take the COVID-19 vaccine or not. Therefore, question
23 and question 27 were used for this purpose; question 23 was
used to determine if people take COVID-19 was due to
immigration compulsory requirements. At the same time,
question 27 helped determine if a low supply of the vaccine
was the reason why some people have not been vaccinated.
Logistic regression analysis was first conducted on the data
using 10-fold cross-validation. The results show that
immigration requirements significantly explain why an
individual would accept to take the COVID-19 vaccine with
the probability of 0.3448. In contrast, without immigration
requirements, people would naturally take the vaccine with the
probability of 0.7775. The second variable which relates to
why people have not taken the vaccine was that the
unavailability of the vaccine was not significant. Therefore, it
was not processed further.

The support vector regression (SVR) and tuned SVR were
further used for the analysis, with 10-fold cross-validation.
The MSE and RMSE of the support vector regression (SVR)
and tuned SVR were lower than the logistic regression. The
plots relating to the three models show that the model does not
differ much from each other, just as was stated by Odekina et
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al. [14].

The responses obtained from the questionnaire show that
people have diverse reasons why they would not like to take
the COVID-19 vaccine aside from the reasons outlined in the
questionnaire. The reasons against taking the vaccines were
outlined in this study, and they are rational because lives are
involved. The limitations encounter in this study is inability
cover many countries in the survey. Future study should
endeavor to strategically extend the coverage to Continents
such as Asia, Antarctica, and Oceania.

5. RECOMMENDATIONS

This study therefore recommends the following

(i) Governments across nations of the world should
relax COVID-19 vaccination as immigration
requirements if being vaccinated do not stop
spreading or contracting the virus.
Further and convincing clinical trials should be
conducted before further administering the
COVID-19 vaccines to people.
Governments across nations of the world should
provide helpful and convincing information on
the vaccine so that people will decide whether or
not to take the vaccine.
There should be sufficient information on how
the COVID-19 vaccines affect people with
certain health conditions such as lactating
mothers, people with high blood pressure, and so
many others.
The government should provide a compulsory
counselling center where people would go before
taking the vaccine de to conflicting information
surrounding the COVID-19 vaccines.

(ii)

(iii)

(iv)

V)
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Frequency Percentage

Health worker 67 245
Work Classification Non-health worker 206 75.5
Total 273 100.0
Male 134 49.1
Sex Female 139 50.9
Total 273 100.0
Christianity 246 90.1
Religion Muslim 25 9.2
Other 2 0.7
Total 273 100.0
Nigeria 241 88.3
Location Outside Nigeria 33 16.7
Total 273 100.0
Vaccinated 155 56.8
COVID-19 Vaccination Status Not Vaccinated 118 43.2
Total 273 100.0
AstraZeneca 84 30.8
Moderna 33 12.1
. Pfizer 23 8.4
Type of COVID-19 Vaccine taken Other 13 48
Not Applicable 120 440
Total 273 100.0
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Table A2. Knowledge of COVID-19

Strongly agree Agree Neutral Disagree Strongly disagree
Count % Count % Count % Count % Count %
Knowledge on symptoms of COVID-19. 111 40.7 110 403 44 16.1 3 11 5 1.8
Knowledge on cure for COVID-19, 113 414 111 40.7 33 121 13 4.8 3 18
Knowledge on Ways\‘/)i‘;;:”"ac“”g COVID-19 45 55 26 95 78 286 101 370 53 19.4
Knowledge on spread of COVID-19 126 46.2 112 410 28 10.3 7 2.6 - -
Knowledge on prevention of COVID-19 virus. 81 29.7 147 53.8 27 9.9 12 4.4 6 2.2
Knowledge on supposed action if COVID-19
symptoms are suspected. 108 39.3 123 451 28 10.3 11 4.0 3 11
Knowledge on hygiene measures in reducing
the risk of contracting COVID-19. 68 249 77 282 13 4.8 10 3.7 105 385
Knowledge on social distancing practises 46 16.8 100  36.6 20 7.3 8 2.9 99 36.3
Knowledge on consumption of certain nutrition 9 337 124 454 40 147 11 40 6 29

and vitamins to prevent COVID-19

Table A3. Knowledge of COVID-19 Vaccination

Strongly Agree Agree Neutral Disagree Strongly Disagree
Count % Count % Count % Count % Count %
Vaccination helps to prevent from 69 253 | 98 | 359 | 55 201 | 40 | 147 | 1 40
contracting infectious diseases
Vaccines have serious side effect 22 8.1 58 21.2 109 39.9 78 28.6 6 2.2
Government should enforce 14 510 | 59 | 216 | 75 275 | 78 | 286 | 47 172
compulsory vaccination.
The COVID-19 vaccine is not 19 7.0 41 | 150 | 77 282 94 | 344 | 42 15.4
readily available
Yes No May be Not Applicable
Count % Count % Count % Count %
vaccinated on one or two occasions 187 68.5 74 27.1 12 4.4 - -
I would take COVID-19 Vaccine
only because of immigration 62 22.7 142 52.0 69 253 - -
requirements
COVID-19 vaccination due to 32 | 117 182 66.7 28 103 31 114
immigration requirements
Table A4. Reasons why people would not like to take the vaccine
Frequency Percent
Lack of correct information about the vaccine 79 28.9
Religious Reasons 3 11
Side effects 45 16.5
underlying ailment 7 2.6
Other 40 14.7
Not aware 99 36.3
Total 273 100.0
Table A5. Nature of work * COVID-19 vaccination status
COVID-19 vaccination status Total
Vaccinated Not vaccinated
Health Worker 51 16 67
Non-Health Worker 104 102 206
Total 155 118 273
Cholera. Vaxchora 43 (15.8%)
Yellow fever 17 (42.9%)
Typhoid fever 45 (17.6%)
Polio 107 (39.2%)

Hepatitis B. HepB (Engerix-B,...

Human Papillomavirus (HPV)

Other

MNone

0

11 (4%)

16 (5.9%)

25 50
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70 (25.6%)

100

93 (34.1%)

125

Figure B1. Response to question 26 on any other vaccine(s) taken apart from COVID-19 vaccine
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