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Abstract

The growing role of social media in shaping public opinion has made sentiment analysis a
crucial tool for understanding vaccine perceptions. This study focuses on sentiment analysis of
Pfizer vaccine-related tweets using machine learning techniques to classify public sentiment
into positive, negative, or neutral categories.The dataset, sourced from X data, undergoes
text preprocessing involving text cleaning, removal of URLs, punctuation, and stopwords.
Sentiment scores are extracted using VADER (Valence Aware Dictionary and Sentiment
Reasoner), while TextBlob is used to compute polarity and subjectivity scores. Feature
extraction is performed using TF-IDF vectorization, combined with additional numerical
features for improved classification.To classify sentiments, four machine learning models are
implemented: Logistic Regression, Support Vector Machine (SVM), Random Forest, and
Naive Bayes. The models are trained and evaluated using accuracy scores and classification
reports. The study further visualizes model performance, sentiment distribution, and
comparisons of sentiment predictions using bar charts and histograms.The findings provide
insights into how people perceive the Pfizer vaccine, with potential applications for
policymakers, healthcare professionals, and researchers aiming to address vaccine hesitancy
and misinformation. By leveraging sentiment analysis, this study contributes to understanding
the influence of social media on public health discussions.
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1. Introduction

The rapid spread of information on social media platforms has significantly influenced public
perceptions of vaccines. With the Pfizer COVID-19 vaccine being a crucial component of
global immunization efforts, it is essential to understand how people perceive it. Sentiment
analysis, a field of natural language processing (NLP), helps in analyzing and classifying public
opinion into positive, negative, or neutral sentiments.

This study aims to analyze public sentiment regarding the Pfizer vaccine by leveraging machine
learning techniques. The research focuses on collecting X data data, preprocessing it, extracting
sentiment scores, and classifying sentiments using various machine learning models.




2. Methodology

2.1 Data Collection

Tweets related to the Pfizer vaccine were extracted using the X data API. Data collection
included filtering tweets based on relevant hashtags and keywords such as "#PfizerVaccine"
and "#COVIDVaccine".
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2.2 Preprocessing
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user_created
08-04-2009 17:52
21-09-2009 15:27
25-06-2020 23:30
10-09-2008 11:28
23-04-2020 17:58
26-01-2020 21:43
10-06-2013 17:49
25-03-2019 04:14
30-10-2009 17:53
12-11-2012 04:18
17-09-2009 16:45
31-08-2020 10:38
21-03-2016 03:44
25-03-2019 04:14
13-01-2019 18:33
09-06-2009 13:53
25-10-2020 20:33
22-05-2015 08:31
24-07-2012 08:18
24-01-2010 04:43
10-10-2019 13:41
23-04-2012 12:18
09-06-2009 13:53

The collected tweets were cleaned by:

o Removing URLs, special characters, and punctuation
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o Eliminating stopwords to reduce noise
o Converting text to lowercase for uniformity

2.3 Sentiment Scoring
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e« VADER was used for lexicon-based sentiment analysis
o TextBlob provided polarity and subjectivity scores

2.4 Feature Extraction
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TF-IDF vectorization was applied to convert text into numerical features for model training.

2.5 Model Selection and Training

Four machine learning models were used:

o Logistic Regression
e Support Vector Machine (SVM)
o Random Forest
o Naive Bayes




2.6 Methods

This study employs a structured approach to analyze public sentiment regarding the Pfizer
vaccine using machine learning techniques. The dataset was collected from X (formerly
Twitter) using relevant keywords and hashtags, ensuring that only English-language tweets
were considered while filtering out retweets and irrelevant posts. The preprocessing stage
involved cleaning the text by removing URLSs, punctuation, special characters, and stopwords,
followed by text normalization techniques such as tokenization and lemmatization. Sentiment
scores were generated using VADER and TextBlob, which helped classify tweets as positive,
negative, or neutral based on sentiment polarity and subjectivity. For feature extraction, TF-
IDF vectorization was applied to convert textual data into numerical representations, along
with additional features such as tweet length and word count to enhance classification accuracy.
The processed data was then used to train four machine learning models—Logistic Regression,
Support Vector Machine (SVM), Random Forest, and Naive Bayes—which were evaluated
using accuracy, precision, recall, and Fl-score. Visualizations such as bar charts and
histograms were used to compare model performance, providing insights into public perception
of the Pfizer vaccine.

Each model was trained and evaluated using classification metrics such as accuracy, precision,
recall, and F1-score.

3. Results and Discussion

o Sentiment Distribution: The majority of tweets were classified as positive, followed
by neutral and negative sentiments.

e Model Performance: Among the tested models, SVM and Logistic Regression
achieved the highest accuracy.

o Insights: The study highlighted key public concerns and positive reactions towards the
Pfizer vaccine.

Accuracy Precision

Logistic Regression Classifier 80.94 Negative  0.78
Positive 0.84
Neutral 0.79
Support Vector Machine 84.44 Negative  0.79
Positive 0.88
Neutral 0.83
Random Forest Classifier 79.26 Negative  0.80
Positive 0.81
Neutral 0.78
Naive Bayes Classifier 74.09 Negative  0.89
Positive 0.70
Neutral 0.78
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4. Conclusion

This study demonstrates the effectiveness of sentiment analysis in understanding vaccine
perceptions. The findings can help policymakers, healthcare officials, and researchers address
misinformation and enhance public trust in vaccination efforts.

5. References

Mandloi, Lokesh, and Ruchi Patel. "Twitter sentiments analysis using machine learninig methods." 2020
international conference for emerging technology (INCET). |IEEE, 2020.

Bhalerao, Ashish A., et al. "Sentiment Analysis on Covid-19 Vaccination Using Machine Learning

Techniques." International Conference on Applications of Machine Intelligence and Data Analytics
(ICAMIDA 2022). Atlantis Press, 2023.




