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Abstract— Sentiment analysis plays a key role in prediction
systems, data mining systems. Twitter, one of the micro
blogging platforms allows a limit of 140 characters to its
users. This restriction stimulates users to be very precise
about their opinion and twitter has large number of sentiments
to analyze. Twitter also provides developer friendly
streaming API for data retrieval purpose allowing the analyst
to search real time tweets from various users. In this paper,
we discuss the state-of-art of the works which are focused on
Twitter, the online social network platform, for sentiment
analysis. The benefit of using this social networking platform
is that it helps the higher authorities or decision making
authorities to decide their stand on any topic be it any
economic reform or be it any social reform. Social media
analysis is a budding field in every IT industry now a days
because of tis reason. The paper initially discusses about the
different approaches that can be used to perform sentiment
analysis followed by some illustrations as evidence for each
approach mentioned in the paper. The paper also discusses
the different areas where different sentiment analysis
approaches can be use followed by the results associated with
each of the approaches.
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I. INTRODUCTION

Sentiment Analysis can be broadly studied under different
domains of text analytics, opinion mining and Natural
Language Processing (NLP). In a general sense, sentiment
analysis determines the opinion regarding the object/subject
in discussion. People discuss, comment and criticize various
topics, and write reviews, recommendations, etc. using these
applications. User generated data carries a lot of valuable
information on products, people, events, and so on. The cut
throat competition of the modern world has led to advanced
mechanisms of customer feedback and satisfaction-to-
innovation cycle. The large user generated content requires
the use of automated techniques for mining and analyzing
since crowd sourced mining and analysis are difficult. Work
in this area originated early from its applications in blogs [1]
and product/movie [2] reviews. Applying this field with the
micro blogging fraternity is a challenging job. This challenge
became our motivation.

In today’s world where there is a cut throat
competition in every field, sentiment analysis plays an
important role in designing the product according to the
required standards, For instance, today in every company
there is a special social marketing analysts in social media
department. The main job of these analysts is to stalk the
things that are mostly viewed by people and based on that let
the company know the demand of the product in the market.
After studying the report of social media analysts, company
try to incorporate the requirements and try to develop the

product. Now after, developing the product the social media
analyst uploads the products into the different social media
platforms like Facebook, Twitter and other online shopping
websites like Amazon, Flip kart etc. for user review. After
selling the product to customer the next important task is to
get feedback from customers in form of reviews. These
reviews help the company to improve the quality of product
and serve their customer in a better way.

Similarly, different social media analysts are into
research and development chain in which they try to
comprehend the reaction of people on a certain topic and how
it affects the lives of people on a global level. For instance, if
we take into account the activities by terrorist groups social
media plays an important role in getting to know the tragedies
that the population is facing. Recently, the dead bodies of 39
Indians as agitated the Indian government for which
necessary steps are being taken by the government.

Il. BACKGROUND

Sentiment analysis has been practiced on a variety of topics.
In this section, Twitter specific sentiment analysis approaches
are reported. The research on sentiment analysis so far has
mainly focused on two things: identifying whether a given
textual entity is subjective or objective, and identifying
polarity of subjective texts [11]. Most sentiment analysis
studies use machine learning approaches.

In sentiment analysis domain, the texts belong to
either of positive or negative classes. There may also be
multi-valued or binary classes like positive, negative and
neutral. The core complexity of classification of texts in
sentiment analysis with respect to that of other topic-based
cataloging is due to the non-usability of keywords [1], despite
the fact that the number of classes in sentiment analysis is less
than that in the later approach by

Opinion mining (sentiment extraction) is employed
on Twitter posts by means of following techniques
— Lexical analysis
— Machine learning based analysis
— Hybrid/Combined analysis
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A. Lexical Analysis

This technique is governed by the use of a dictionary
consisting pre-defined lexicons. The input text is converted
to tokens by the tokenizer. Tokenizer is responsible for
breaking the text into small pieces Every new token
encountered is then matched for the lexicon in the
dictionary.[7] If there is a positive match, the score is added
to the total pool of score for the input text. Though this
technique appears to be amateur in nature, its variants have
proved to be worthy.

I Input text

Tokenizer Dictionary

|

Word
Matching

Decrement

Increment
score score

Fig. 2: Working of Lexical Approach ["]

Other than the hand tagged lexicon approach, [7]
came up with a variant by utilizing internet search engine for
marking the polarity of words included in work of [7]. They
used two AltaVista search engine queries: target word “good™
and other target word + ,.bad”. The score was evaluated by
the search that yielded the max number of hits, which
reported to improve the earlier accuracy from 60% to 67%. In
Subsequent research [7] the scoring of words was
accomplished by using the WordNet database. They
compared the target word with two pivot words (,,good* and
»bad”) and found the Minimum Path Distance (MPD)
between the words in the WordNet pyramid. The MPD is the
converted to an incremental score, which is stored in the word
dictionary. This variant was reported to yield accuracy [10]
of 64%. The author of [8] proposes another method which
presents an alternative to taking motivation from [7], by
evaluating the semantic gap between the words simply
subtracting the set of positive ones from the negative ones
yielding 84% accuracy. Lexical analysis has a limitation: its
performance (in terms of accuracy) degrades drastically with
the exponential growth of the size of dictionary (number of
words).

Lexicon based approach is an unsupervised
technique, in this approach no need to maintain a large
amount of training data set and rules. This makes whole
process is much faster. Lexicon approach is divided into
dictionary-based and corpus-based to analyze the sentiment
polarity.

Lexicon based approach can be further subdivided
into different categories like
1) Dictionary Based approach
The main strategy of dictionary based approach is it’s
working on manually create set of opinion that are repeated
and then find their synonyms and antonyms by iterations and
save these word in seed list these iterations repeat until no
synonyms and antonyms are found. After that manually
remove and correct errors [15].The limitation of dictionary

approach its low applicability and large inaccuracy as the size
of dictionary increases.

2) Corpus-Based approach

Corpus approach improves the limitations and help to
improve the finding opinion in particular area or orientation.
3) Drawback

The drawback of this approach is that is it cannot show high
quality result in big amount of data, such that to analyze the
movie review comments that posted online this can’t analyze
well but this approach is good for small review data set like
Facebook post comments or tweets or Instagram posts.

B. Machine Learning Based Analysis

Machine learning is one of the most prominent techniques
gaining interest of researchers due to its adaptability and
accuracy. In sentiment analysis, mostly the supervised
learning variants of this technique are employed. It comprises
of three stages: Data collection, Pre-processing, Training
data, Classification and plotting results. In the training data, a
collection of tagged corpora is provided [15]. The Classifier
is presented a series of feature vectors from the previous data.
A model is created based on the training data set which is
employed over the new unseen text for classification purpose.
In machine learning technique, the key to accuracy of a
classifier is the selection of appropriate features. Generally,
unigrams (single word phrases), bi-grams (two consecutive
phrases), tri-grams (three consecutive phrases) are selected as
feature vectors. There are a variety of proposed features
namely number of positive words, number of negative words,
and length of the document, Support Vector Machines
(SVM), and Naive Bayes (NB) algorithm [15]. Accuracy is
reported to vary from 63% to 80% depending upon the
combination of various features selected.

For instance RAPIER (Robust Automated
Information Extraction Tool) is a tool which is based on rule
based approach. In this tool set of rules are feed into the
machine and based on the rule set it filters the words,
grammar and other sentences.

Working of machine learning based technique can
be explained as follows:

1) First Step: Data Collecting

In this stage data to be analyzed is crawled from various
sources like Blogs, Social networks (Twitter, MySpace, etc.)
depending upon the area of application.

2) Second Step: Pre-processing

In this stage, the acquired data is cleaned and made ready for
feeding it into the classifier. Cleaning includes extraction of
keywords and symbols. For instance — Emoticons are the
smiley used in textual form to represent emotions e.g. “:-)”,
), =), oD (] (= (5 5, ete. Correcting the
all uppercase and all lowercase to a common case, removing
the non-English (or preferred language texts), removing un-
necessary white spaces and tabs, etc. Different tools are
available for performing preprocessing. One such tool is
AYLIEN based preprocessing tool which removes the
missing attributes or the incomplete data entry ad then send
us back the clean tweets for analysis.

3) Third Step: Training Data

A hand-tagged collection of data is prepared by most
commonly used crowd-sourcing method. This data is the fuel
for the classifier; it will be fed to the algorithm for learning
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purpose. This fed as data for our analysis and helps in
predicting the nature of the system.
4) Fourth Step: Classification
This is the heart of the whole technique. Depending upon the
requirement of the application SVM or Naive Bayes is
deployed for analysis. The classifier [7] (after completing the
training) is ready to be deployed to the real time tweets/text
for sentiment extraction purpose. This classifies the results
into different categories created by training set.
5) Fifth Step: Results
Results are plotted based on the type of representation
selected i.e. charts, graphs, etc. Performance tuning is done
prior to the release of the algorithm [7]. The machine learning
technique faces challenges in: designing a classifier,
availability of training data, and correct interpretation of an
unforeseen phrase. It overcomes the limitation of lexical
approach of performance degradation and it works well even
when the dictionary size grows exponentially [7].

Different machine learning approaches which are
commonly use are depicted below

Algorithm Approach Accuracy
Calculate probability of
. element and multiply with
Naive Bayes likelihood to get final Low
probability
Support To calculate sentiment
Vector analysis SVM use High
Machine discriminative classifier
This algorithm assigns the
Centroid centroid vector (CV) to Hiah
Classifier different training classes and g
use CV to get similar values.
In this algorithm
K Nearest classification can be done on Hiah
Neighbor the basis of similar score of g
neighbor
Table 1: Data Mining Approaches with Accuracy

Data Gathering

Preprocessing

Emoticons ALL CAPS Stop words Non-en words .(GWB'G Lang.
Service)

Training Data

Preparing a hand-tagged Dataset

Classification

|¢

SVMs classifier NB classifier Others

‘¢

Accuracy? Performance tuning

Fig. 3: Diagram Below Depicts the Sentiment Analysis of
Data using Machine Learning Approach [']
6) Drawback
Machine learning approach uses different techniques like
decision tree approach. The main drawback of this machine
learning approach is that the result generated by this approach
is either positive or negative. Similarly, if any tweet is slightly

positive or negative techniques like decision tree based
learning are in effective in drawing correct result out of it.

C. Hybrid analysis

The advances in sentiment analysis lured researchers to
explore the possibility of a hybrid approach which could
collectively exhibit the accuracy of a machine learning
approach and the speed of lexical approach. In this [7] authors
use two-word lexicons and an unlabeled data, dividing these
two-word lexicons in two discrete classes negative and
positive. Pseudo documents encompassing all the words from
the set of chosen lexicons are created, and then computed the
cosine similarity amongst the pseudo documents and the
unlabeled documents. Depending upon the measure of
similarity, the documents were either assigned a positive or a
negative sentiment. This training dataset was then fed to a
Naive Bayes classifier for training purpose.

Another approach presented by [11], derived a
“unified framework” using back-ground lexical information
as word class associations. Authors renewed information for
particular areas using the available datasets or training
examples and proposed a classifier called as Polling
Multinomial Classifier (PMC) (also known as the multi-
nominal naive Bayes). Manually labeled data was
incorporated for training purpose. They claimed that making
use of lexical knowledge improved performance. Another
variant of this approach was presented by [7]. But so far only
[8] have been able to claim good results.

1) Drawback

Sometimes using hybrid approach to perform sentiment
analysis is a tedious task. Though hybrid approach, combines
best features of both machine learning approaches and tries
to overcome the drawbacks of both approaches separately but
sometimes it becomes difficult to incorporate all essential
features in a single hybrid approach. The problem arises in
this case, and since certain features that are there in only
machine learning approach or lexical based approach.

I1l. TAXONOMY OF SENTIMENT ANALYSIS

Sentiment Analysis is done to get the views of people on any
of the trending topics in social media. There are different
ways to perform sentiment analysis. Some people prefer
expressing their views in writing while some prefer to record
their views; some people express their opinion in any
colloquial discussion while some people think their waste of
time in thinking and talking on the topics which are not
directly under their control such as global issues prevalent in
the world.

The sentiment analysis is done on user generated
data which is gathered from different means like social
media, newspaper statistics, and so on.  Based on data
collected and the technique which is to be applied on those
data for sentiment analysis, the taxonomy for sentiment
analysis can be formed as follows
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Fig. 4: Depicting the Taxonomy of Sentiment Analysis ©

In the current research we have tried to compare the
different techniques and approaches to perform sentiment
analysis for any trending issue. Based on nature of data, the
sentiment analysis approach may differ. The size of dataset,
the discrepancy in data, and the quantity of missing data also
plays an important role in selection of which sentiment
analysis technique to be used to carry on the task keeping in
mind the accuracy of analysis to be the priority. Based on this,
there are compilation different techniques and their
drawbacks as on which dataset these techniques are applied
to perform sentiment analysis.

To explain the different techniques for sentiment
analysis we carry out the following discussion. In the earlier
section of this paper the techniques which were explained
were confined to extraction of data from Twitter or for
opinion mining. However the subject of sentiment analysis is
not confined to only the sentiment extraction but also covers
different social media as well like Facebook, Square Space
and so on

For machine learning approach, it can be further
categorized into supervised and unsupervised learning.

A. Unsupervised Learning

In this approach of machine learning no definitive result
regarding the polarity of data can be calculated. In this
technique the data is grouped into different clusters based on
some common features and each cluster is governed by a
cluster head. The “clustering technique” is useful in
separating the test data into classes but the definitive polarity
of each test data cannot be defined which cannot provide
explanatory data analysis. Another disadvantage of
unsupervised learning is lack of fixed pattern. Unlike,
supervised learning where we have, set of input variables,
along with set of output variables and mapping functions
which map the input variables and output variables using a
function. This will help to predict the output of next set of
input variables. But here, in case of unsupervised learning this
is not true.
The unsupervised learning can be categorized as
— Classification
— Regression
— Association

Classification problem is when the output variable is
a category. By classifying any object we mean that we have
put that object under certain category based on some of some
features resemblance. Here the output value is not any

specific value or specific word but is combination of different
possible features in which this object can be studied under or
can be categorized.

Regression problem is when the output variable is a
real value. Regression is a process in which different objects
which are being classified are again re-classified based on
certain common ground and then they are segregated. Since
the process of regression is iterative and exhaustive the final
output is very specific or some real value based on which
further categorization is carried out.

In association rule learning problem is where we
want to discover rules that describe large portion of data
Association analysis identifies relationship between
observations and variables from a dataset. These relationships
are expressed by set of rules that indicate groups of items that
tend to be associate with each other.

B. Supervised Learning

Supervised learning is where the analyst has an input variable
(X) and an output variable and algorithm is use to learn the
mapping function from input to output. The biggest
advantage of using supervised learning is predictability. With
the help of mapping function a predictability of nature of
output variable to a particular input variable can be predicted.
It is called supervised learning because the process of
algorithm learning from training dataset can be thought as
teacher supervising the learning process.

Based on the taxonomical distribution the
supervised learning can be studied under different categories.
The basis of forming these categories is also dependent on
type of input or up of output which is expected. For example,
if the output of any event is either yes or no the kind of
supervised learning will be based on binary tree approach
because it has only two branches. Another instance, if the
result of any event is probabilistic like the event is based on
occurrence of rain, then we have different categories based
on probability of occurrence of rain on any particular day. In
such case we try to estimate the output based on decision tree
approach.

Expanding the different approaches by which
supervised learning can be done we can have the above
mentioned taxonomy shown in Fig 3.

— Decision Tree Classifier

This kind of classifier is used where we have to make decision
based on the available outputs for an event. The classification
of different output for an event is generated by applying
different if-else clauses. By this we form a tree based
structure which forms the path to different outputs for an
event. By using decision tree based approach we can easily
know the path to certain output along with the probability of
success or failure.

— Linear Classifier

Linear classifier is a primitive form of classifier. In this
classifier, the output is directly dependent on value of linear
combination of characteristics.. An object’s characteristics
are also termed as feature values. These values are presented
to the machine in a vector called feature vector. The output to
new input is based on these feature vector values.

— Rule Based Classifier

Rule based classifier is a new approach which is used by
automated machines. In this kind of classifier, the machine is
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preloaded with set of rules which are used to govern the
working of machine. Each rule which is loaded is also linked
with necessary actions according to which the machine is
supposed to act. This approach is highly put into use in case
of Artificial Intelligence where scientist designs a robot that
works on Rule based classifier. RAPIER (Robust Automated
Information Extraction Rule) tool which is designed to
perform Information extraction or for text mining is an
example for rule based classifier.

—  Probabilistic Classifier

Probabilistic classifier in general scenario is use were a model
is prepared and it is use to predict the probability distribution
over the classes instead of predicting the most likely class.
The output of this classifier is probability vector. Most
probabilistic classifiers work with class labels so they can’t
be applied directly. Usually probabilistic models are trained
on data labeled with classes.

Under the probabilistic classifier, we have Naive
Bayes classifier, Bayesian classification, Support Vector
machine, Maximum Entropy.

Naive Bayes classifier is use for developing a
probabilistic model. It works on assumption that the training
data set consists of data from different classes as conjunction
of different values. The key task of Naive Bayes classifier is
to classify based on tuple attribute values into one of the
classes.

Cwmar = argmax P(cj|x1,x2,x3,.....,xn) (1.1)
Cne = argmax P(c;)TIP(xi|cj) (1.2)

Bayesian Classification is a primitive form of Naive
Bayes classification. It works on principle of Bayes Rule.
According to the Bayesian classification
Most probable class given observation

y = arg max P(y|x) (1.3)
P(ylx) = P(x|y).P(y)/P(x]y).P(¥) (1.4)

IV. RELATED LITERATURE SURVEY

This is a review research paper which is written by taking
references of different research papers which are already
published in this area.

—  “Sentiment Analysis Algorithm and Applications: A
Survey” by Walla Medhat, Ahmed Hassan & Hoda
Korashy

In this paper the authors gave the concept of sentiment

analysis and opinion mining and cover the comprehensive

review about them. As the paper proceeds further, a brief
taxonomy about the different approaches for sentiment
analysis is also covered in a taxonomical from. Sentiment

Analysis of product review is discussed covering the different

procedural steps like sentiment identification, feature

selection, sentiment classification and sentiment polarity is
discussed. In the further processing, these steps are discussed
in details. Paper describes the use of Naive Bayes Machine

Learning Algorithm for future use. It gives details for

enhancement of SC and FC algorithm.

—  “Approaches for Sentiment Analysis on Twitter ; A state
of Art-study” by Harsh Thakkar, Dhiren Patel

This paper is the base paper for our paper. This paper expands

the different approaches of sentiment analysis. As an

expansion it divides the sentiment analysis approaches into
three divisions namely Lexical based approach, Machine

Learning approach and Hybrid approach. All these
approaches are further subdivided and then, they are
categorized further. As a part of discussion, the authors try to
differentiate different approaches based on area of their
applications and associate it with the accuracy in the result.
“A Survey on Sentiment Analysis Method and
Approach” by A.M Abirami and V. Gayathri
This paper is a review paper on different sentiment analysis
approaches and methods. This is a general comparative paper
that compares different sentiment analysis approaches along
with the associated drawbacks with each approach. The paper
explicitly makes a comparison between different approaches
along with the metrics which are being used. As an
introductory portion paper briefly discusses the actual method
in sentiment analysis starting from web user to comment
review followed by pre-processing, sentiment classification
followed by polarity and finally the opinion. The paper
discusses in brief the different approaches use to carry out
each step. The different issues which occur in sentiment
analysis are also discussed in this paper. Finally a table of
comparison is used to classify the issue discussed, proposed
technique in the paper, dataset used and the accuracy of the
sentiment analysis.
— “Techniques for Sentiment Analysis Survey” by Anu
Sharma and Savleen Kaur
This paper mainly focuses on the different techniques for
sentiment analysis and text summarization. For this two
separate approaches involving techniques for sentiment
analysis of data and techniques for text view in sentiment
analysis is covered. Techniques for sentiment analysis of data
involves different machine learning approaches and different
lexicon based approaches are discussed. In the techniques for
text view classification sentence level document level and
aspect level approaches are discussed in brief. The authors
also compare different techniques use for sentiment analysis
by other authors along with the dataset on which they worked
and their different application is also discussed in the paper.
As a part of conclusion paper discusses the different areas
which are required to be work on to improve the accuracy and
the coverage of the sentiment analysis. As a drawback,
authors also wish to regress same data set on different
sentiment analysis tools so as to get more accurate results.

V. DISCUSSION & METHODOLOGY

In this section we cover the results of data and try to compare
different approaches based on certain parameters. For piece
of evidence we try to regress different set of data against
different techniques and try to analyze the result we get. For
this we have different type of datasets and different classifier
and analysis tools to get the results from. For instance we
have a dataset of movie review and we try to analyze the
views of people after watching the movie. For this we use a
lexicon based analyzer tat tokenizes the data into different
sets ad compares it with online dictionary and generates
overall score to the comment or tweet.

Similarly, we have a dataset of tweets on a global
topic of ISIS and to find the sentiment of each tweet we try to
use REST API by twitter namely Semantaria and Repustate
and try to look for accurate results. Another instance of
dataset we have is comments or feedback by users after using
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a newly launched product and their experience. A list of such
instances is being cited in this paper which is taken as a
reference from previous papers and also done by us. In the
following paragraph, we tried to tabulate the results obtained
from different datasets along with the accuracy percentage in
their findings and the___14 limitations of each analysis in the
form of remarks or comments.

S Proposed Dataset Accurac Limitations
No. | Techniques used y
PSDEE
Approach . -
1 based on Moyle 87.1 Limited
Review Accuracy
rule based
technique
Sentiment
Compressi 88.78 = .
on Extractive
. No_comp .
technique Blog compressio
: SSC :
2 before Review — n technique
89.75 = ) !
aspect Dataset fails to give
Manual
based comp ssc | aceuracy
sentiment P
analysis
Dataset
from
Tecent
Mlcro_b_log We_blo only for
specific with .
3 . 84.3 Chinese
sentiment 2013 bloas
lexicon labeled g5
messag
eon 20
topics
Ontology at .
featugrz Twitter N A—
4 . 82.9 for all
extraction | dataset .
domain
stage
No. of
Sentiment ISIS tweets were
5 | Analysishy | twitter 91 limited to
Semantaria | dataset 1000 ata
time
No. of
Sentiment ISIS tweets are
6 | Analysis by | twitter 86 limited to
Repustate | dataset 1000 at a
time.
Sentiment
Analysis by ISIS Result is
7 Jeffery twitter 68 not very
Breen dataset accurate.
Approach

Table 2: Comparison of Methodology & Approaches [1°]

VI. RESULTS

In this paper we try to incorporate different sentiment analysis
approaches and tried to bring out the drawbacks in each
technique. To prove our point we conducted sentiment
analysis on different datasets using different approaches and
tried to find the accuracy in each dataset. In case the match is

not suitable we try to analyze same dataset with different
approaches too so as to verify the results. As a part of
limitation we have different comments so as to improve the
accuracy of analysis.

VIl. CONCLUSION & FUTURE SCOPE

In this competitive world it is important for everyone to
analyze the situation, and the take necessary steps. For
instance, if we are launching a new product in the market, we
should first analyze the competitors in the markets. This will
help us to get to know more about the trend. Sentiment
analysis plays an important role in estimating the 14 reaction
of people to the change. For instance, current change in
taxation system of the country namely GST has created
havoc. Social media sites were filled with reactions of people
towards this change. Some people reacted positively while
others were agitated by the change. Sentiment Analysis helps
the government to frame new techniques to satisfy their
people. Similarly, one of the burning topics was ISIS which
has cause great miseries in lives of people. People around the
world use social media like Facebook, Twitter, Square Space,
Instagram to express their anger while there was still a group
who found it right to carry out such things. Sentiment
Analysis helps us to get the overall mood of the 14 people on
any topic.

As a future scope and improvement, we can further
mine our data based on the location and the exact position of
the user which can help us to segregate users and make
policies based on the location of people. More accurate
results can be generated by using more accurate APIs. Some
of the APIs are not very accurate and also number of tweets
is limited to 1000 at a time which needs to be improving on
in further researches.
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