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Abstract:

Twitter is one the most popular social media platform for micro-blogging, where people express their opinion
freely and un-conservatively about anything and everything. There is a tremendous amount of pre-existing
data on the web for researchers, and a vast amount of data is generated daily. There are about 500 Million new
tweets on the platform, making it very diverse. Analyzing this data continues to be a popular and fruitful field
of research in the recent past. The Twitter data is highly unstructured and has high entropy, so this paper
comparatively analyzes various machine learning techniques, which makes it easy to understand and analyze
the opinion of people, also known as sentiment analysis/opinion mining where the tweets(Twitter messages)
are classified as positive or negative. We have also discussed difficulties that are faced in general while doing

sentiment analysis on Twitter data.

KEYWORDS:

Sentiment Analysis, Machine Learning, Support vector Machine(SVM), Lexicons, VADER, Logistic
Regression, Neural Networks, Decision trees, Gradient Boosting
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CHAPTER 1 - Introduction:

With the widespread adoption of the internet, people can express their views, opinions, and how a person is
affected by another's thoughts. These are predominantly done through social media websites, blogs, online
forums, etc. Currently, billions of people use social media sites like Facebook, Twitter, Instagram, and others
regularly. People share numerous things that go on in their lives and affect them through different mediums
like images, gifs, text, emaojis, etc.

These platforms constantly generate a large volume of sentiment-rich data in tweets, micro-blogging, blogs,
comments, reviews of products, etc. Tweets depict an individual's opinion on various socio-economic events

and his/her personal beliefs, thoughts, and outlook toward the world.

The amount of content generated by Twitter on a daily basis is too vast for a normal user to analyze. For this

purpose, various sentiment analysis techniques are widely used, some of which are discussed here.

Sentiment analysis (SA) is an integral part of Natural Language Processing. Natural Language Processing is a
technique that makes our machines understand human language in various forms, whether it is spoken words
or written texts. Sentiment analysis, to be exact, tells whether the data in any form is positive or negative.

Various parts of data affect and do not affect this classification in many ways, which we will see further in the

paper.

Here we discuss different steps in obtaining the sentiment of data and various techniques to do the same.
Various steps include collecting the tweets, analyzing the data using various methods, structuring the data,
cleaning or preprocessing the data, testing different models on the training data, and at last, using precision

measures to analyze and compare the results obtained.

We have obtained close to 90 percent accuracy using numerous machine learning models like SVM, Logistic

regression, and many more.



CHAPTER 2 - Literature Review:

In last decade a lot of work has been done in the field of “Sentiment Analysis on Twitter by multiple
researchers. Earlier it was binary classification where the text is classifies as either “positive” or “negative”.

There are various text mining techniques used to mine the data.

The authors [1] studied the government of India policy of Demonetization. They performed sentiment
analysis on tweets on the basis of both nation-wide and state-wise impact. They collected the corpus of tweets
using Twitter API using particular hashtags. Research based on geo-location (State-wise tweets are gathered).
The sentiment analysis is performed to categorize the tweet into five categories - happy, sad, very sad, very
happy, neutral, and no data.

The authors [2] performed sentiment analysis on the Amazon product reviews dataset on both sentence and
review levels. They used Naive Byes, SVM, and Random Forest to generate the polarity of reviews, where
Random Forest generated the best results with 92 percent accuracy, with 90 percent for Naive Byes and 82

percent for the SVM classifier.

The author [3] Performed sentiment analysis on Twitter data and classified the tweets into three categories -
Positive, Negative, and Neutral. They pre-processed the dataset and then applied various machine learning
models like Naive Byes, SVM, and Maximum entropy. They gained maximum accuracy using the Naive

Bayes Algorithm, which measures 89.5%.

The authors [4] conducted sentiment analysis on tweet corpus about the electronic products and classified the
data into three lables - Positive, Negative, and Neutral. The authors used a machine learning-based approach
and used Naive Bayes, SVM, Maximum Entropy, and Ensamble Learning approach where all classifiers gave

almost the same precision.

The authors [5] performed sentiment analysis on tweet corpus of movie reviews based on both Hollywood and
Bollywood movies. They classified the tweet using machine learning approach where they used Naive Bayes
and SVM classifier and gained accuracy of 90 percent using SVM and 88 percent using Naive Bayes

classifier.

The Following table shows the works of various authors on Sentiment Analysis having Twitter dataset.
10



Author Dataset Techniques Accur
& Year acy
Divakr Tweets NB 88.2%
(2014) about Maximum Entropy | 83.8%
[3] customer SVM 85.5%

reviews Word net 89.9%

Tweets MNavive Baves 89.5%
M.S. about SVM 90%
(2013) electronic Maximum Entropy | 90%
[4] products Essembled 90%
Justin Amazon Random Forest 92%
Zhan(2015| product NB 90%
2] reviews SVM 82%
Akshay Twitter posts | Naive Bayes 88%
Amolik | Aboutmovie| SVM 90%
(2015)[5] | reviews

Table 1: Related work
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CHAPTER 3 - Proposed work

Flow chart-

Fig 1: Flow Chart of model
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SENTIMENT ANALYSIS

Sentiment analysis is the procedure that mines the opinion polarity of any document or text as a part of the
Natural Language Processing (NLP) technique. The sentiments can be classified into many categories, for
example, positive, happy, neutral, sad, etc., depending upon the use case and the problem we are trying to

analyze.[6]

Sentiment analysis can be done in the following steps:
e Data loading and visualization
e Preprocessing of data
e Text vectorization or representation

o Developing Model

4.1 DATA LOADING AND VISUALIZATION

The dataset used of around 18000 tweets which have labeled sentiments along with tweet text and tweet id
which is sourced from Kaggle in the form of CSV file. The Data includes 9897 positive and 8830 negative
tweets.

textID tweet_text sentiment
4414 1962463307 @RobertsEmma You don't reply to none of your f.. negative
5615 1963383772 Oh why do | keep stumbling about deathfic WITH... negative
2759 1961049714 @Cheapflights_uk o2 - train from Bristol to L... negative
1524 1957729651 my knee hurts! negative

Figure 2 — view of dataset used.

The concept of using pictures is to comprehend data that has been used throughout history. Data visualization
is the graphic representation of data in a pictorial or graphical format(Eg. charts, graphs,etc). Data

visualization tools deliver a convenient way to see and understand trends, patterns in data, and outliers.[7]

Here we have visualized our data in 2 ways:
1. Inthe form of a pie chart using Matplotlib.

2. In the form of word clouds.

Matplotlib.pyplot helps understanding and representing how tweets are distributed over the dataset

13



Word Cloud visualize the individual words of data based on the frequency of occurring. Bigger the font size
of word depicts higher occurrence.

negative

positive

Figure 3 - Pie chart of our used dataset created using Matplotlib library in python.

Figure 4 - word cloud built on positive tweets based of dataset.

4.2 PREPROCESSING OF DATA

People from different geographic/social /feconomic/political backgrounds use Twitter. The raw data having
polarity is exposed to inconsistent writing and redundant information(s) for sentiment analysis.. So, the

following preprocessing was done before training the models.

e All URLs were removed (e.g., www.facebook.com),

e All hashtags were removed

e All user names were removed (e.g., @Thorin)

e Remove the RT tags, which refer to re-tweets in the dataset.

e The sequence of repeated characters and punctuations were removed. (e.g., looooooooook -> look,

e Lowercasing each letter of data.

¢ Replaced all the emoticons with text.

14



e Removed all punctuations, symbols, and numbers.

e Word contraction. (e.g., I'm -> | am)

¢ Remove Stop Words(e.g., is, am, are)

e Tokenization: Separating strings of a tweet/sentence into smaller parts, mostly individual words. We
used NLTK's 'word_tokenize' module and also tried our custom tokenizer

e Stemming - Stemming is the process of converting a word to its root form(learned -> learn).

e Lemmatization - lemmatization looks beyond word reduction and considers a language's full
vocabulary to apply a morphological analysis to words. E.g., The lemma of ‘was' is 'be,' and the

lemma of 'mice’ is 'mouse.'[8]

4.3 TEXT VECTORIZATION

Text Vectorization is the process of converting text into vectors, so we can use them as an input to our models
The methods we used are-

e Positive/Negative frequency

e Bag of words or Count Vectorizer

A bag of words representation of text counts the occurrence of words within a document.[9]

array([[e, 0, 0, 0, 0, @, 1, 0, @, 1, 0, 0, 0],
[@J e) e) 8_1 el, @, 81 1J @J e) 83 8’ J‘]J
[@J eJ e) 3) el) 9) J'J @J @J @J E)) E)) 0])
[@J e} 1) 1) el) 9) J‘J QJ QJ e} E)) E)) 8]}
[@J 1} e) BJ 1) J‘) 61 @J lJ 6} B) B) Q]J
[1, 8, @, 0, 1, 8, 0, 0, 8, 0, 1, 1, 8]])

Figure 5 — Example of Bag of word matrix on tweet corpus of size 6.

e TF-IDF(Term Frequency — Inverse Document Frequency)

TF-IDF(Term Frequency — Inverse Document Frequency). The term frequency is the number of occurrences
of a specific word in a document. Term frequency indicates how vital a particular term is in a document. Since
the no of occurrence of a particular word by itself does not add much information, without the knowledge of

the distribution across all the documents, using tf-idf helps considerably in most cases

Inverse document frequency (IDF) is the weight of a term. It seeks to lower a term's weight if it is dispersed

throughout all the documents.

15



idf(t) = log [ n/ (df(t) + 1) ]

TF-IDF was the best performing in almost every machine learning models used including SVM, Logistic
Regression, Naive Byes and Decision Trees algorithms.

array([[e. , 0. , 0. , 9. , 9. )
9. , ©.56921261, @. , 9. , ©.82219037,
9. , 0. , 8. 1,
[e. , 0. , 8. , 9. , . s
9. , 0. , B.70710678, 0. , . s
0. , 9. , 0.70710678],
[e. , 9. , 0. , ©.96260755, 0. s
o. , ©.27089981, O. , ©. , 0. s
0. , 0. , 0. 1
[e. , 0. , 0.68172171, 0.55902156, 0. s
0. , 0.47196441, 0. , 0. , 0. s
9. , 0. , 8. 1,
[@. , ©.52182349, 8. , 8. , ©.42790272,
©.52182349, @. , 8. , 8.52182349, 8. s
e. , 0. , 0. 1,
[0.52182349, @. , 0. , 0. , 0.42790272,
o. , 0. , 0. , 0. , 0. s
©.52182349, @.52182349, 0. ]])

Figure 6 — TF-IDF matrix on tweet corpus of size 6

45 DEVELOPMENT OF MODEL

All models were made with a test/train split ratio of 0.2 and with random state=0 to keep experimental
conditions the same to compare results. Any changes in random state/ratio may/may not induce tiny changes

in model performance.
All the following metrics mentioned henceforth are for the test set.

We calculate accuracy by dividing the number of correct predictions (the corresponding diagonal in the

matrix) by the total number of samples.

(TP + TN)

Accuracy =
(TP + FP +TN + FN)

Figure — 7 formula of accuracy

4.5.1 LEXICON BASED APPROACH

The first approach that can be used for Sentiment Analysis is the lexicon-based technique. Here, each term
is labeled with sentiment score which helps in determining the polarity of tweet.
16



We have achieved an accuracy of 67.77% while using TF-IDF as vectorization method, which was found to

be the best. We will take this as a base model for further speculations.

4.5.2 DICISION TREES

The tree consists of root, internal, and leaf nodes. The tree is then used in categorizing unknown data points.
Since we can make deeper/wider trees that completely classify the given training dataset, the trees are prone to
overfitting, and we must carefully decide the size/pruning process. The decision tree classification approach is

executed in two stages: tree building and tree pruning

This algorithm generated the best results in prediction of the polarity of tweets with the TF-IDF vectorization
technique with the accuracy of around 68% while it was tested on positive/negative frequency and Bag of

words too but didn’t generate satisfactory results. We have obtained an increase of 2% from our base model.

4.5.3 SVM (SUPPORT VECTOR MACHINE)

SVMs try to classify a given datapoint by finding the relationships between features in a higher dimension

hyper-plane to find the relations that distinguish the different classes.

The model finds those hyperplane(s) by transforming the input data using mathematical transformations
known as 'Kernels." Commonly used kernels are of 2 types
1) Linear

2) Non-Linear (polynomial, rbf, sigmoid)
We can also define our custom kernels if required, although the radial basis function (rbf) works well for most

non-linear problems by varying its hyper-parameters. In our problem, linear decision boundary was working

as well as others so we have used linear SVM here.

17



w.x—b=-1

Figure 8 - Visual Representation of optimal hyperplane between two classes, and it's supporting vectors.

This algorithm generated the best results in prediction of the polarity of tweets with the TF-IDF vectorization
technique with the accuracy of around 88.2%. We have obtained an increase of around 21% from our base
model.

4.5.4 KNN (K- NEAREST NEIGHBOURS)

KNN is an algorithm that categorizes the given datapoint by interpolating the labels from the K nearest

matches in training data. The weights of each neighbor may be linear or some function of distance.

This algorithm generated the best results in prediction of the polarity of tweets with the Bag of words
technique with the accuracy of around 79.95%, and 79.87% using Positive/Negative frequency approach. We

have obtained an increase of around 13% from our base model.

4.5.5 LOGISTIC REGRESSION

Logistic regression: Logistic regression is a widely used approach to solve binary classification problems.
Sentiment Analysis is one of many fields where logistic regression may be applied. The idea behind the

method is to calculate the probability by fitting the logit function to the given data.

1
/ :1: —
p( ) 1 4+ e—(;{?—[():"s

This method generated the best results in prediction of the polarity of tweets with the TF-IDF vectorization
technique with the accuracy of around 88.57%. We have obtained an increase of around 21% from our base

model.

18



4.5.6 GAUSSIAN NAIVE BAYES

The Naive Bayes algorithm helps us find the probability of the tweet having a particular sentiment by fitting
the feature values to a probability distribution and multiplying the probabilities for those features for a given
input. Here we fitted the feature values to a Gaussian distribution. The Naive Bayes classifier has an inherent
simplicity in its implementation and interpretation and is generally fast. For some problems, it gets the job
done. However, the assumption of independent occurrence of features may cause a problem in cases where the

features are highly dependent.

This method generated the best results in predicting the polarity of tweets with the TF-IDF vectorization
technique with an accuracy of around 71%. We have obtained an increase of about 4% from our base model.

4.5.7 ENSAMBLE APPROACH (SVM, LOGISTIC REGRESSION, NAIVE
BAYES)

Here, we have built a voting classifier using Sklearn library and used SVM, Logistic Regression, Gaussian
Naive Bayes for predictions of polarity of tweet corpus. We have achieved an accuracy of 88% while using

TF-IDF as the vactorization method.

MACHINE LEARNING APPROACH | GAINED ACCURACY
DICISION TREES 68%

SVM 88.2%

KNN 79.95%

Logistic Regresion 88.57%

Gaussian Naive Byes 71%

SVM+Logistic Regression+Naive Byes 88%

Table 2 — Summary of model’s accuracy
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Chapter 4 — snapshots of GUI for project
We have used Streamlit library for development of Graphical User Interface(GUI).

Show Recent Tweets

Analyze

Fetching last 5 Tweets

I
: "Feels ¥ @ERCBTweets @faf1307 @Gmaxi_32 https://t.co/cmdIU81c2I"

: "g¢ Kolkata emipaltan € ERCBTweets"

"My favourite drink this summer? 0’cean Fruit Water. It’s refreshing, hydrating
and full of delicious fruit flavour. @OceanBeverages g Get them at your

nearest stores and leading e-commerce platforms #oceanfruitwater #Electrolytes

#Vitamins #Glucose #Noartificialsweeteners #ad https://t.co/OuMYTl4nbAD"

"Making the country proud m Congratulations Nikhat Zareen on your W win and
to Manisha Moun and Parveen on winning the W at the Women's World Boxing
Championship . QW https://t.co/@gIIKHdsNX"

: "Patience &amp; Belief. @RCBTweets https://t.co/b2FK2qZEwo"

Figure 9 — feature for generating recent tweets

Generating Word Cloud

| imme1

Know StayWrOgn
sne ThANK 51 yay s good “great

- =
ones

Figure 10 — Generation of word cloud using recent tweets
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count

Neutral Positive
Analysis

Figure 11 — graph showing tweets polarity

Fetching Last 100 Tweets

Tweets

(]

Feels % 1307 _32
7€ Kolkata Q@

My favourite drink this summe...

R

L

Making the country proud in C...
Patience &amp; Belief.

Cleans day. 60 and 70 kg. Easy-...
With natural power comes nat...
"Results aren'tin your hands, ..
Livin’ that PUMA life $5) [} sh...

o I o B = TR o I N

A historic achievementand a ...

Figure 12 — sentiments in tabular form

Subjectivity
0.0000
0.0000
0.8500
0.7167
0.0000
0.0000
0.6100
0.0000
0.0000
0.h833

Negative

Polarity
0.0000
0.0000
0.6167
0.7000
0.0000
0.0000
0.2500
0.0000
0.0000
0.1667

Analysis
Neutral
Neutral
Positive
Positive
Neutral
Neutral
Positive
Neutral
Neutral

Posifive
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Conclusion:

In this project, we have built a simple GUI demonstrating the implementation of sentiment analysis on twitter
in real time. We have achieved it using various Machine Learning models and a Lexicon based model, where
we achieved 88.57% accuracy on the testing dataset.
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