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Abstract—Nowadays, social media networks are used by people incredibly frequently. They 
write articles, send private and public messages, pictures, and videos. In the realm of social 
networking, Tweeter is one of the most well-liked and often used social networks. Because of 
this, it's crucial to examine tweets in order to comprehend how people respond to a particular 
topic. For a variety of reasons, including corporate marketing, politics, studying public 
behavior, and data collection, it is essential to comprehend the emotion of tweets. Opinion study 
of Twitter text can help politicians and marketers better grasp how customers react to new 
product launches and marketing efforts. Particularly, Twitter is kind of the select few public 
sites where persons go for trustworthy data and is frequently used authoritatively by many 
people. This work uses a number of machine learning techniques to analyze tweets for 
sentiment using the terms in the tweets as input. The dataset that was used came from Kaggle. 
With layers for CNN, LSTM, BILSTM, and embedding, a deep learning model has been 
created. As part of the analysis, Support Vector Machine (SVM), K Nearest Neighbor (KNN), 
Logistic Regression, Decision-Tree, Random Forest Method, and a deep learning architecture 
were used.  
 
Index Terms— Machine learning (ML), Natural Language Processing (NLP), Convolution 
Neural Network (CNN), Deep Learning (DL). 

I. INTRODUCTION 

 Sentiment analysis (SA) is a critical tool for capturing public sentiment from blog posts and social media in 
today's technologically advanced world. Web-based technologies are being used to spread a lot of information, 
and Internet users express their feelings via social media, blogs, and other media. Google is [1]. Sentiment 
analysis is the most crucial technique for identifying whether a certain opinion is good, bad, or unbiased 
comments on a variety of subjects, such as movie reviews, political viewpoints, worldwide pandemics, and other 
economic difficulties. 
The techniques of locating and getting irrational data from a text, such as emotion, opinion, etc. is known as 
sentiment analysis. Numerous businesses across the globe are behind to identify normal ways for determining 
the sentiment of a given text since sentiment analysis is essential to identifying public input. identifies three 
categories for sentiment analysis techniques, including: 
  Decision trees continuously segment the data based on a specific parameter. Like decision nodes and leaves can 
describe the tree's structure.  
The SVM is used for both regression and classification., a method for supervised machine learning. The best fit 
is classification, even if we also consider problems with regression. The SVM algorithm classifies the tweet text.  
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Positive, negative, or neutral emotions are classified according to their polarity (neutral). It's critical to draw 
attention to the following levels on which sentiment analysis can be performed  

 Document-level sentiment classification: A document can be classed entirely as "good" "bad" or 
"impartial" at this level. 

 Sentiment categorization at the sentence level: Every  tweet  is categorised as "good" "bad" or 
"impartial" at this level.[2] 

At this level, sentences and documents can be classified as "good" "bad" or "impartial" based on certain elements 
of the language and archives." The phrase "perspective-level assessment grouping" is another name for this level. 
The benefits of deep learning models include automatic feature extraction, simple calculation due to the use of 
accelerated hardware, and the best performance even with enormous amounts of data. Deep learning is a 
technique that is being employed at several places. It is a component of a neural network that has numerous 
hidden layers and replicates the mechanism by which human brain neurons function to produce precise results. 
As a result, the sentimentality of the tweets is improved. This system's suggested approach employs sentiment 
analysis on Twitter tweets. The info obtained via the Twitter API is set. Pre-processing procedures are used to 
sanitise the words, including stemming, removing punctuation, stop words, and white spaces, as well as 
changing all of the tweets' case. The sentence is then tokenized. In both Korean and English, the data set 
comprises of numerous training value and numerous testing value. The data set is then subjected to FNN. 

II. RELATED WORK 

A well-known use of natural language processing is Twitter sentiment analysis. The data used in the research 
and the kinds of approaches created to do this objective vary. This study examines the relationship between 
views and opinions and how these things might be expressed in natural language about an occurrence or event. 
The current situation demonstrates that sentiment analysis has advanced to the point where it can now deal with 
behavior and emotions for a variety of subjects and languages in addition to positive and negative sentiment. In 
the study of sentiment analysis, researchers employ several methods for foretelling social opinion and emotion 
through language and text. 
Tweets are utilized as the raw data, as recommended by T. Jayasankar, Avudaiappan.T, Jenifer, Sisay tumsa, and 
others. A secret token is used to gather the tweets over the Twitter API.  
The noise in the words is then reduced using a text mining. Program during preprocessing. Each pre-processed 
sample has its calculated score. 

 
Figure.1. Proposed work Flowchart [3] 
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The score is given out as 1, -1, or 0 for neutral and negative tweets, respectively. The results of the pre-
processing of the tweets are recorded in CSV format for further processing [4]. The ratio of the train and test data 
sets for building the classification model is 60:40. Following categorization, it is discovered that the CNN 
Network is not formed to determine the likelihood of the tweets. To improve on the holdout approach, the 
system makes use of the K-fold cross validation method. As a last step, a hybrid technique is used to forecast the 
likelihood of positive tweets in relation to the given tweets. Comparing the results of this system with others, to 
other method performs better than CNN and simple RNN for sentiment classification. 
Mohammad Zubair Khan and Abdullah Alsaeedi make a proposal. Sentiment analysis seeks to pinpoint the 
feelings that underlie opinions in texts on a range of subjects. Academics studying sentiment analysis have 
recently concentrated on assessing opinions on a range of topics, such as movies, commercial items, and 
common societal problems. Customers can express their ideas on Twitter, an incredibly popular microblog. 
Researchers can examine the results of several sentiment analyses performed on Twitter data [2]. 
Hong Soon Goo and Adyan Marendra Ramadhani deliver Twitter is an SNS that collects a lot of data from user 
postings. Because of this sizeable data set, text mining and sentiment analysis studies may be possible. However, 
managing such a large amount of unstructured data is a challenging undertaking, necessitating the use of 
machine learning which employs a feed-forward numerous hidden layers [5]. 
According to Vedant Pandya, Anuja Somthankar, and Shivanshu S Shrivastava, Twitter is incredibly well-liked, 
with a significant user base and a commanding global presence, Twitter is immensely well-liked. Twitter is a 
platform used by people from many walks of life to voice their ideas on a variety of subjects. So, businesses can 
gain useful information about public opinions by using Sentiment Analysis techniques on tweets, which can aid 
them in making better judgements. The 1.6 million tweets in this dataset were divided into positive and negative 
categories using machine learning and deep learning models. The accuracy, F1-Score, recall, and precision 
criteria were used to compare the performance of various models [6]. 
The invention was made by Poornima A, Nataraj N, Nithya R, Nirmala D, and Divya P Sentimental analysis is 
the computational examination of individuals’ attitudes, beliefs, and feelings about various objects, people, 
occasions, events, or topics. The accuracy of sensation exploration has been studied extensively, with studies 
ranging from straightforward more direct models to intricate Deep Neural Network models. Deep Learning is 
now thought to be the best model in its field because of its recent success in opinion analysis. Due to its complex 
layout, several dialects, and lack of resources, Twitter information presents a number of challenges. Even if the 
Twitter feeling examination's accuracy has improved thanks to the new profound learning model, there is still 
room for improvement. This compelled us to to improve the accuracy of the Twitter opinion analysis, look into 
several methods that poor people have applied to information from Twitter. [7] 
Tweets that were all about training a dataset. 1600000.processed. noemotico. The tweets were categorized as 
good, negative, or neutral using sentiment analysis. In order to examine the performance of Several supervised 
learning methods, including Naive Bayes, Support Vector Machines, Decision Trees, and Bagging, were taught.  
Cross-validation revealed that Maximum Entropy produces the best outcomes. highlights the many 
classifications that product criticisms can be given. After carefully preprocessing the data and extracting features 
using Bigrams and unigrams, they constructed and compared models such as SVMs, Naive Bayes, Decision 
Tree, Random Forest, and XG Boost.                     

III. METHODOLOGY 

Positive and negative tweets are used to train a sentiment analysis model. As seen in fig.2, Before being provided 
to various models for sentiment analysis, tweets are loaded, pre-processed, displayed, and transformed into 
features. 

1. Loading of Datasets The Kaggle-available training.1600000.processed.noemotico dataset was used to 
train the model. It is one of the biggest database for sentiment analysis utilizing Twitter data exists 
here..  

2. Dataset Preprocessing 
Dataset Preprocessing Kaggle datasets originate from a wide range of sources and are frequently in a 
wide range of formats. This makes cleaning our raw data a crucial step in the dataset preparation 
process. Yet, as textual content commonly uses repeated or redundant words, cleaning is a difficult task. 
Before training the model, we will preprocess the dataset in a number of ways, including: 

• Removing stop words. 
• Removing emojis. 
• Removing of mentions. 
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Figure.2. Tweet Processing flowchart 

• Removal of numbers. 
• Removal of whitespaces. 
• Removal of duplicated rows. 
• Elimination of odd columns. 
• Converting the text document to lowercase for better generalization. 
• Correcting punctuation (to reduce unnecessary noise from the dataset 
• Eliminating repeated characters from the text as well as URLs and hyperlinks that don't provide and 

functional purpose. 
• High degree of knowledge of a language.  

Lemmatization: Stemming, which is the elimination of a piece of a word, reveals a term's stem or root. Whether 
or not we are reducing a word to its dictionary root depends on how you interpret this. We use a few algorithms 
to decide on word-shortening strategies. Those are harder and necessitate a very high level of linguistic 
proficiency. 

3. Dataset Visualization 
To better comprehend the dataset, the tweets were shown following data pre-processing. A Word Cloud 
was made [8] to identify the words that were used in the tweets that were the most positive. In Fig. 3, it 
shows that the phrases "going," "good," and "thank you" are frequently used. 

 
 

Figure 3. Word Cloud of Positive Tweets 

The Word Cloud created from the dataset's negative tweets is shown in Fig. 4, and it demonstrates that negative 
tweets frequently contain the phrases "don't," "miss," and "awful." 
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Figure 4. Word Cloud of Negative Tweets 

4.Machine Learning Models Used for Training 

Logistic Regression  
The logistic regression models help to establish the correlation between one dependent binary variable and one 
or more independent variables between 0 and 1. 
Support Vector Machine 
Many classification and regression issues are solved using SVM    supervised learning techniques. To divide an 
n-dimensional space into classes that can then be utilized for exact classification, the optimum decision boundary 
or line must be found. It is the basic objective of the SVM. 
Decision Tree  
For the purpose of classification and prediction decision tree algorithms is used, which is nothing more than a 
type of flowchart that depicts an acceptable route to a decision. By illustrating different blueprints and the 
potential outcomes of those blueprints, it helps people envision the decision-making process. 
Naïve Byes 
The Naive Bayes algorithm is one of the main machine learning techniques that helps with categorization 
problems. It is derived from Bayes' probability theory and used while training high-dimensional datasets for text 
classification. The Naive Bayes Algorithm's best uses include sentiment analysis, categorizing fresh content, and 
spam filtration. [8] 
Naive Bayes assumes that each attribute exists independently of the others. 
P(A|B) equals P(B|A) *P(A)/P (B) 
Probability in the future = P(A|B) 
 P(B|A) = Likelihood, or the probability that predictor B will happen in the context of class A. 
Class A's prior probability is P. (A). 
P(B) is equal to the predictor B's prior probability. 
K-Nearest Neighbour (KNN) 
A fundamental yet crucial classification technique in machine learning is K-Nearest Neighbors. It is classified as 
supervised learning and has numerous applications such as intrusion detection, data mining, and pattern 
recognition. 

5. Parameters for Evaluation 
We use the evaluation measures once the model has been trained   to see how it is doing. As a result, we use the 
following evaluation criteria to assess the performance of each model: 

 Accuracy Score: Predictive models often have good accuracy (more than 90% accuracy). 
 ROC-AUC Curve: which gives area that distinguishes different classes. 
 Confusion Matrix with Plot: A confusion matrix, often called an error matrix, is a particular table 

structure that permits visualization of the performance of an algorithm, usually a supervised learning 
one, in the subject of machine learning and more specifically the problem of statistical classification. 
[8]: 

 The true values are the columns. 
 Predicted values are the lines. 
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 PRECISION = TP/(TP + FP)                        (1) 

 
RECALL = TP/(TP + FN)                          (2) 

 
F1 = (2 ∗ PRECISION ∗ RECALL)/(PRECISION + RECALL) 

 
ACCURACY = (TP + TN)/(TP + FN + TN + FP)       (3) 

 
              SPECIFICITY = ୘୒

୘୒ା୊୔
                                      (4) 

 
 6. Deep Learning models used for training  

A. Recurrent Neural Network 
Recurrent neural networks (RNNs) are a subset of networks useful for researching how future data, such as 
natural language processing, is represented. It generates an objective function that is dependent on past state 
outputs or hidden states as well as the current input. Earlier state input determines the earlier state output in 
this case. According to the prior input and output, the current state output is determined [6]. 

TABLE I. RESULT FOR RNN 
 
 

 
 
 
 
 

Figure 5. Architecture of RNN 

B. Long Short-Term Memory 

The cell state and different gates make up the bulk of an LSTM. The information is transferred along the 
sequence chain via the cell state. The information necessary for the full processing of the entire sequence 
is stored in the cell state, which functions as a memory. Here, the RNN's short-term memory problem is 
solved, allowing even pertinent data from the earliest time steps to influence data from later time steps. 
As a result, during the training phase, relevant information is added and irrelevant information is 
subtracted using gates in the cell state.[9-12] 

 

Figure 6. Architecture of LSTM 

Model                                   Metrics 

    Recurrent 
Neural 

    Network 

Accuracy F1 Recall Precision 

78.15% 78.04% 77.76% 78.36% 
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TABLE II. Result for LSTM 

Model                                                Metrics 

Long Short- 
Term Memory 

Accuracy F1 Recall Precision 

80.21% 80.3% 79.82% 80.83% 

C. Bidirectional  LSTM 
One RNN approach to enhance LSTM, which has weaknesses in text sequence characteristics, is Bi-LSTM. It 
performs sequential modelling task more well than LSTM. In LSTM, information flows from back to front. Bi-
LSTM is a pioneer in sentiment classification thanks to its structure, which allows it to better understand the 
context. Bi-architecture LSTM's is depicted in Figure 4. Using two different approaches, the input data from the 
previous and following sequences are preserved in Bi-LSTM, in contrast to the conventional RNN model, which 
requires decay to accommodate future data. 

 
Figure 7. Architecture of BiLSTM 

TABLE III. RESULT FOR BI LSTM 

Model                         Metrics 

Bidirectional 
LSTM 

Accuracy F1 Recall Precision 

81.33% 81.54% 80.99% 82.13% 

IV. EXPERIMENTAL RESULT AND DISCUSSION 

It comprises the outcomes and functionality of each model that was employed for the sentimental analysis of 
Twitter tweets. Datasets with different levels of open access and authentication were available on Kaggle, where 
the dataset for this challenge was obtained. [9] 
For document-level sentiment categorization, the three deep learning architectures basic RNN, LSTM, and 
BILSTM are contrasted. The training and testing accuracy attained for all three networks is depicted in the 
figures below. It is evident from the data that BILSTM per accuracy. This is due to the fact that the LSTM 
network outperforms both CNN and basic RNN models in terms of word sequence memory. 

TABLE IV: RESULTS OF DEEP LEARNING MODEL 

 
Model 

Metric 
Accuracy F1 Recall Precision 

RNN 78.15% 78.04% 77.76% 78.36% 
LSTM 80.21% 80.31% 79.82% 80.83% 
BI LSTM 81.33% 81.54% 80.99% 82.13% 

In the table above, BILSTM algorithm accuracy is 81.33%, whereas RNN accuracy is 78.15%. In comparison to 
RNN, which has a recall of 77.76% and a precision of 78/36%, BILSTM has a recall of 80.99% and a precision 
of 82.13%. The machine learning model yields the result as shown below. 
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TABLE V: RESULT OF MACHINE LEARNING MODEL [8] 

 

When we trained the models in terms of accuracy, deep learning algorithms outperform machine learning 
algorithms. F1 Score, Recall, Precision, and training execution time. Machine learning algorithms like Naïve 
Bayes, Logistic Regression, SVM, KNN, Decision tree and deep learning algorithms like RNN.LSTM, BILSTM 
are trained by using training. 1600000.processed.noemotico dataset. 

 
Figure 8. Conflict matrix for Naïve Bayes 

 

Figure 9.Conflict matrix for SVM 
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Figure 10. Conflict matrix for logistic regression 

 

Figure 11. Conflict matrix for Decision Tree 

Execution time: Bernoulli Naive Bayes performs better with a higher accuracy rating when comparing the 
execution times of different models. 
Model accuracy: With an accuracy of 74%, the logistic regression & Support Vector Machine model outperforms 
the majority of the other models     

V. CONCLUSIONS 

A simple analysis of the type of information shared on Twitter, one of the This work applies a range of 
deep learning and machine learning models to sentiment analysis on tweets. When various types of 
machine learning models were trained on the dataset and evaluated for performance, they 
outperformed Naive Bayes with an accuracy of 76.53%.. Both models performed admirably, but DL 
models were superior. RNN, LSTM, and Bi-LSTM, three deep learning models with sophisticated 
architecture and context understanding, performed wonderfully; Bi-LSTM was the best performer, 
with an accuracy of 81.33%. DL algorithms required a lot of computing power and time to train, but 
they excelled in sentiment analysis. Future sentiment categorization analysis may examine the 
effectiveness of various deep learning models. 
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