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ABSTRACT

One of the goals in the SDGs, which is to ensure a healthy life and promote the welfare of all
people of all ages, has become difficult to maintain since the emergence of Covid-19 in Indonesia.
Thus, the Indonesian government has issued a policy regarding the procurement of vaccines and
the implementation of vaccinations through Presidential Regulation Number 99 of 2020.
Meanwhile, the public's perception of the Covid-19 vaccine that appears are varies and will affect
the Covid-19 vaccination process in Indonesia, so a sentiment analysis needs to be carried out to
free Indonesia from the Covid-19 pandemic. By using the text mining method, the primary data
collected is in the form of public opinions from Twitter. With the Naive Bayes Classifier approach,
it is concluded that the model is consistent and good enough to be used to classify public
sentiment regarding the Covid-19 vaccination policy.
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1 INTRODUCTION

The health issues in the Sustainable Development Goals (SDGs) are integrated into ensuring a healthy
life and promoting welfare for all people of all ages. However, this has been difficult to maintain since
the emergence of Coronavirus Disease 2019 (Covid-19) in Indonesia. The rapid and massive increase
in positive cases of Covid-19 has led the Indonesian government to designate Covid-19 as a national
disaster.

The Emergency Committee of the World Health Organization (WHO) has stated that the spread of
Covid-19 can be stopped if protection, early detection, isolation, and fast treatment are carried out to
create a strong system implementation to stop the spread of Covid-19 [1]. Therefore, the Indonesian
government has issued a policy regarding the procurement of vaccines and the implementation of
vaccinations in the context of the Covid-19 pandemic through Presidential Regulation Number 99 of
2020. The government has also issued a policy that provides vaccines for free to the public. The
vaccination process begins by prioritizing early-stage vaccines for health workers, public service
workers, and residents on the age of 18 - 59 years. This policy is problematic because the largest
number of deaths due to Covid-19 in Indonesia is dominated by the age group over 60 years [2].
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In addition, the policy of imposing criminal penalties in the form of imprisonment and fines for
citizens who refuse to be vaccinated [3] is also inappropriate, especially for the long term because
the narrative of the outbreak that develops at the community level is very diverse. The public thinks
that the Covid-19 pandemic is not a health disaster, but an economic disaster, so that the government
is better off immediately allowing economic activities to run normally or increasing the number of
social assistance funds rather than investing in vaccines whose effectiveness is still doubtful.

This has led to different perceptions in the community regarding the Covid-19 vaccination policy.
One of the things that are of concern due to these differences is the emergence of a movement against
vaccines using provocative narratives, hashtags, and hoaxes on social media [4]. Therefore, the
government seeks to provide an understanding of the importance of Covid-19 vaccination to the
public so that the vaccination process runs smoothly. Thus, sentiment analysis is needed to
determine the public's assessment, especially Twitter social media users, of the Covid-19 vaccination
policy in Indonesia. Sentiment analysis is important to find out the aspects that need to be considered
to formulate policies related to the issues raised.

The method used in this research is the text mining method. Text mining is an unstructured process
of extracting data and turning it into useful information for decision-making [5]. Wongkar and
Angdresey has classified the public sentiment on Indonesia’s 2019 presidential candidates. This
study compared the Naive Bayes Classifier, Support Vector Machine (SVM) and K-Nearest Neighbor
(KNN) which concluded that Naive Bayes Classifier has the highest accuracy value of 75.58% [6].
Therefore, this study used the Naive Bayes Classifier approach. The Naive Bayes Classifier is one of
many methods used for classifying sentiments [7]. The Naive Bayes Classifier approach is used to
classify public sentiment regarding the Covid-19 vaccination policy in Indonesia. Naive Bayes
Classifier is a statistical classification method used to predict the probability of members in a class

[8].

The novelty of this research is to use text mining with the Naive Bayes Classifier approach to
determine public sentiment towards the Covid-19 vaccination policy. Covid-19 vaccination is a hot
issue that is discussed by the community, especially starting in December 2020 when the Sinovac
vaccine first arrived in Indonesia. The issue of Covid-19 vaccination has increased in popularity based
on Google Trend. Therefore, this study uses data that is still actual, namely up to February 2, 2021.
The author uses sentiment analysis of public opinion regarding the Covid-19 vaccination policy as
one of the bases for providing solutions to unravel the polemic in this policy. Based on the sentiment
that has emerged, the results of this study are expected to be used as a reference or reference for the
government in convincing the public regarding the Covid-19 vaccination process towards a healthy
Indonesia.

2 MATERIAL AND METHODS

2.1 Data

The research data is in the form of public tweets regarding the Covid-19 vaccination policy by the
government taken from Twitter social media from August 4, 2020 - February 2, 2021, totaling 500

tweets. Out of those 500 data, 400 were used as training data and 100 were used as testing data. Each
tweet was then tagged as a positive or negative sentiment.
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The data was collected using the Website Crawling technique with Application Program Interface
(API) using the Open Source Software-R (0SS-R). Based on the data collection, the variables used in
this study consisted of response and predictor variable. The response is the sentiment classification
consisting of positive sentiment and negative sentiment, while the predictor is the public's comments
regarding the vaccination policy by Indonesia’s government. The proportion between the data used
as training and testing data is 80% and 20%. The distribution of sentiment on training and testing
data is presented in Table 1.

Table 1: Sentiment Distribution on Training and Testing Data

Sentiment
Data Type Total
Positive Negative
Training 198 202 400
Testing 52 48 100
Total 250 250 500

2.2 Analysis Procedure

Based on Table 1, the number of positive data used as testing data was 20.8%, while 19.2% had
negative sentiment. The steps used in this research are as follows:

i) Describe an overview of public sentiment regarding the Covid-19 vaccination policy.

ii) Preprocess the data, which includes spelling normalization, case-folding, tokenizing, filtering,
and stemming.

iii) Create a bar chart to show frequently occurring words.

iv) To make Classify public comments regarding the Covid-19 vaccination policy based on
sentiment categories using the Naive Bayes Classifier algorithm and program on training and
testing data. The Naive Bayes Classifier classifies the public comments into positive or
negative sentiment based on Naive Bayes probability. Furthermore, the Naive Bayes
Classifier formula can be found in [9].

V) Calculate the sensitivity and specificity values with the following formula [10]:
Sensitivity = x 100% (1)
tp+fn
Specificity = Fpim x 100% (2)
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vi)

with,

tp: number of true positive
fp: number of false positive
fn: number of false negative
tn: number of true negative

Then, calculate the chance of misclassification using an evaluation procedure called the

Apparent Error Rate (APER). The APER value represents the value of the proportion of

samples that were misclassified by the function [11]. The APER value is defined by (3):
fp+fn (3)

APER(%) = X 1009
(%) tp+fo+tn+fn %

and the accuracy value in (4) is as follows [10]:

tp + tn (4)
Accuracy = x 100%
tp+fp+tn+fn

with,

tp: number of true positive

fp: number of false positive

fn: number of false negative

tn: number of true negative

Measuring the stability of classification using Press' Q which is defined as follows:

[N — (nk)]? (5)

Press' Q = Nk—1D)

with N is the total number of samples, n is the number of individuals with the right
classification and k is the number of groups. The hypothesis test used is as follows:

H, : Unstable or inconsistent classification

H; : The classification is stable or consistent

Classification accuracy is said to be consistent if the value of Press’ Q > X(Zm) [12].
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3 RESULTS AND DISCUSSION
3.1 DataOverview

The categories of positive and negative sentiments obtained are the same, namely 50% each. The
equality of the number of sentiments illustrates that the strength of the people who support the
Covid-19 vaccination policy is equal to those who refuse. Then, the pre-processing stage for public
sentiment data regarding the Covid-19 vaccination policy was carried out in the steps shown in
section 2.2.

Every public tweet related to the Covid-19 vaccination policy has words that often appear. These
words will later be used in the classification stage. Bar charts are used to visualize the words. The
following Figure 1 shows a bar chart of 10 positive sentiment words that often appear.

Figure 1: Bar Diagram for the Appearance of Words on Positive Public Sentiment regarding the Covid-19
Vaccination Policy

Figure 1 describes the 10 words with the highest frequency. Based on Figure 1, it can be seen that the
word “safe” is the word that most often appears in positive public sentiment regarding the Covid-19
vaccination policy. This is influenced by the polemic of the safety of using the Covid-19 vaccine. The
majority of people with positive sentiments believe in the safety of the Covid-19 vaccine so that
people support the vaccination policy. Therefore, the words “safe” and “support” are in the first and
second place in Figure 1.
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Figure 2: Bar Chart of Word Appearances on Negative Public Sentiments regarding the Covid-19 Vaccination
Policy

Based on Figure 2, it can be seen that the word “capable” is the word that most often appears in
negative public sentiment regarding the Covid-19 vaccination policy. Even though the word is
categorized as a positive word, this word describes public’s anxiety about the ability of the Sinovac
vaccine in dealing with Covid-19 so that many choose to buy independent vaccines. Therefore, the
words “capable”, “buy”, and “independent” are in the first to third place in Figure 2.

3.2 Sentiment Classification

There are 1540 words produced after the preprocessing stage. All words in the training data will be
used to create a Naive Bayes Classifier model.

3.2.1 Training Data Classification
Classification using the Naive Bayes Classifier probability value in the training data is carried out to
determine the value of the accuracy of the classification. The classification results can be seen in Table

2.

Table 2: Training Data Classification Results

Prediction Actual Total
Positive Negative
Positive 198 29 227
Negative 0 173 173
Total 198 202 400

314



Applied Mathematics and Computational Intelligence
Volume 10, No. 1, Dec 2021 [309-318]

Based on Table 2, it can be seen that 14.35% of negative sentiments experienced prediction errors,
which are classified as positive sentiments. Not a single positive sentiment has experienced a
prediction error. The classification results in Table 2 need to know the percentage of sensitivity,
specificity, APER, and accuracy. The calculation of these values for the training data is based on (1),
(2), (3), and (4).

The sensitivity of 87.23% indicates that the model is very good for predicting positive sentiments,
while the specificity of 100% indicates that the model is very good for predicting negative sentiments.
Then, the accuracy percentage of 92.75% indicates that the probability value generated by the Naive
Bayes Classifier method on training data is very good for classifying public sentiment towards the
Covid-19 vaccination policy. Furthermore, the stability of the classification can be determined by
calculating the value of the Press' Q test statistic with (5). The hypothesis proposed is as follows:

H,: The results of the classification of public sentiment regarding the Covid-19 vaccination policy on
training data are unstable or inconsistent

H;: The results of the classification of public sentiment regarding the Covid-19 vaccination policy on
training data are stable or consistent

The calculation of the Press' Q value on the results of the training data classification is conducted by
(5). The Press' Q value obtained is 292.41. This value is then compared with the statistical value of
the Chi-square statistics of x20.05(1) = 3.841. It can be seen that the Press' Q value is greater than 3.841
or is in a critical area. Thus, it can be concluded that the results of the classification of public
sentiment regarding the Covid-19 vaccination policy on training data are stable or statistically
consistent.

3.2.2 Testing Data Classification

The testing data classification is carried out by the same procedure. The results of the testing data
classification can be seen in Table 3.

Table 3: Testing Data Classification Results

Prediction Actual Total
Positive Negative
Positive 48 20 68
Negative 4 28 42
Total 52 48 100

Based on Table 3, it can be seen that 41.67% negative sentiment and 7.69% positive sentiment
experienced prediction errors. This figure is greater than the training data. It is necessary to calculate
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the sensitivity, specificity, APER, and accuracy. The calculation of these values for the testing data is
based on (1), (2), (3), and (4).

The sensitivity of 70.59% indicates that the model is good enough to predict positive sentiment, while
the specificity of 87.5% indicates that the model is very good for predicting negative sentiment. Then,
the accuracy percentage of 76% indicates that the probability value generated by the Naive Bayes
Classifier method on training data is good enough to be used for classifying public sentiment towards
the Covid-19 vaccination policy. Then, the value of the Press' Q test statistic is calculated based on
(5) to determine the stability of the testing data classification. The hypothesis proposed is as follows.

Hy: The results of the classification of public sentiment regarding the Covid-19 vaccination policy on
testing data are unstable or inconsistent

H;: The results of the classification of public sentiment regarding the Covid-19 vaccination policy on
testing data are stable or consistent

The calculation of the Press' Q value on the results of the training data classification is conducted by
(5). The Press' Q value obtained is 27.04. This value is then compared with the statistical value of the
Chi-square statistics of x20.0501) = 3.841. It can be seen that the Press' Q value is greater than 3.841 or
is in a critical area. Thus, it can be concluded that the results of the classification of public sentiment
regarding the Covid-19 vaccination policy on training data are stable or statistically consistent.

Although the Naive Bayes Classifier method on testing data is stable or consistent, this method is
good enough to be used to classify public sentiment regarding the Covid-19 vaccination policy, given
the not too high level of classification accuracy, namely 76%. However, this value is higher than the
previous study that conducted by Wongkar and Angdresey [6].

Based on Figure 2, the word with the highest frequency of negative sentiment is the word “capable”.
Some people still doubt the ability of the Sinovac vaccine in dealing with Covid-19. The public thought
that because the efficacy of the Sinovac vaccine in Indonesia is only 65.3% [13]. This makes some
people think that the community is made a kind of guinea pig by the government. For that reason, the
words “trial” and “rabbit” came in fourth and eighth place on the negative sentiment. However, the
word “safe” in Figure 1 is the word that has the highest frequency of positive sentiment. This means
that some people still believe that the Sinovac vaccine is safe to use.

In addition, the words “buy” and “independent” rank second and third in Figure 2. This was triggered
by the government's plan to allow independent vaccination [14]. The community thinks that
independent vaccination is safer because people can choose the Covid-19 vaccine that has much
greater efficacy than the Sinovac vaccine. Apart from the independent vaccination policy, the
government is also trying to work with the private sector to cut costs [15]. This is what makes people
think that the vaccination policy is turning into a business. The number of people who think this way
is not small, given that the word “business” is in fifth place on negative sentiment.

The Covid-19 vaccination policy is a government effort to free Indonesians from the Covid-19
pandemic. The existence of criticism due to deficiencies in its implementation can be used as material
for evaluating the Covid-19 vaccination policy to make it better. This is closely related to the
expectations of the community to leave the house immediately and carry out their daily activities as
usual. However, this hope is difficult to realize if the Covid-19 vaccination policy itself raises a
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polemic among the public. The government and society should be able to be open to each other in
listening to and giving criticism regarding the Covid-19 vaccination policy to accelerate the end of
the Covid-19 pandemic towards a healthy Indonesia which is in line with the SDGs achievement
targets in the health sector.

4 CONCLUSION

The positive and negative sentiments regarding the Covid-19 vaccination policy obtained have the
same proportion. In addition, the results of the classification of training and testing data were stable
or statistically consistent with the Press' Q test statistical values of 292.41 and 27.04, respectively.
The training data generated APER values and accuracy of 7.25% and 92.75%, respectively, while the
sensitivity and specificity were 87.23% and 100%.

The testing data generated the APER values, accuracy, sensitivity, and specificity of 24%, 76%,
70.59%, and 87.5%, respectively. Thus, it is concluded that the model is good enough to be used for
the classification of positive sentiment for training data and negative sentiment for testing data.
Overall, the Naive Bayes Classifier method is a method that is quite appropriate to use to classify
public sentiment regarding the Covid-19 vaccination policy because the accuracy value in training
and testing data is quite high.
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