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Abstract: People can share their thoughts and opinion
through Social Media which can easily widespread. So many
public issues and political views are also discussed on social
media. HIV/AIDS is also one of the important topics discussed.
This work aims to classify HIV/AIDS related twitter data. Since
the twitter data is highly dimensional, it is essential to do reduce
dimensionality of the data to attain better classification results.
Tweets are collected using keyword search and necessary preprocessing steps are carried out. Then feature extraction methods
such as Bag of Words (BOW) model and TF-IDF are
implemented. Singular Value Decomposition (SVD) and
Principal Component Analysis (PCA) techniques are used for
dimensionality reduction. Finally, classification is carried out
and the results are discussed.
Keywords: Tweets, Pre-processing, BOW, TF-IDF, SVD,
PCA,Classification

I.

INTRODUCTION

AIDS (Acquired immunodeficiency syndrome) is a
syndrome caused by a virus called HIV (Human
immunodeficiency virus). Since this syndrome is associated
with stigma, most of the people do not discuss about this inperson. But due to the advancement of technology, people
are able to share their opinion about this syndrome on social
media. The communication campaigns are making effort to
reduce the spread of AIDS. They are actively engaged in
creating awareness among people. The HIV/AIDS
information shared on social media is also a vital source for
the campaigns. This information will benefit the
communication campaigns to attain their motive of
eradicating HIV/AIDS by 2030 [18].
The data on social media is growing tremendously.
Instagram, Twitter and Facebook are some of the
remarkable social media platforms. A lot of public issues are
discussed on these platforms. There are so many researchers
who make an effort to mine and gather information from
social media. There are even few research works carried on
analysing HIV/AIDS information shared on social media
[17].
Twitter is a social media platform where the user can share
short message of length 280 characters. The big challenge
for the computer society is to mine and extract knowledge
from this unstructured data. Twitter clustering, classification
and topic mining are some of the important research topics.
Tweet classification is to classify the tweets based on
predefined class labels [16].

In this work AIDS/HIV related tweets are classified. The
necessary pre-processing, feature extraction and feature
selection method are carried out and better accuracy on
classification results are obtained.
II. LITERATURE REVIEW
Some of the research works are carried on analysing
HIV/AIDS related tweets. Those works shows the promising
role of social media in providing information regarding
healthcare.
Rene Clausen Neilsen et.al.,[19] collected tweets generated
in Brazil. They examined HIV/AIDS related tweets to
promote knowledge about what people speak about this
syndrome. This work helped to provide information to
communication campaign. They also analysed HIV/AIDS
discrimination tweets. This work supported the utilization
of social media data for improved messaging in campaigns.
Sean D. Young et.al., [20] in their research work mined
Twitter data to identify and track risk behaviours of HIV.
They tracked the location in which the HIV risk behaviours
tweets occurred. The risk behaviour tweets are classified
using algorithms such as Random Forest, Ridge Regression
Classifier and Logistic regression. 10-fold cross validation
technique is used to examine the accuracy of the work. This
work helped to detect HIV related content in social media.
III. DATA DESCRIPTION
Twitter is a social media platform which allows its users to
post and share real-time messages called tweets [16]. Now a
days we could find a remarkable research works carried out
using twitter data. There are few datasets available in online
for sentiment analysis of tweets. But if we are taking a
particular topic or theme then we can use Twitter API to
collect tweets. By using the Twitter API, we can mention
the language of the tweet and also, we can extract the related
tweets by mentioning the keywords which we need for our
research work. Since Twitter data is unstructured it involves
little difficulties in carrying analysis on it.
For our research work we have collected 1,00,000 tweets by
using the Twitter API. The keyworks we mentioned is
„HIV‟ and „AIDS‟. The language we preferred is English.
The tweets extracted should be pre-processed in order to
give better accuracy results. Python and RStudio are the
popular tools for twitter mining. In this work python is used
to extract tweets and do pre-processing, feature selection
and classification on HIV/AIDS tweets.
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IV. METHODOLOGY
There are six major steps involved in the proposed work as
shown in the figure below.



Scraping Tweets by keywords HIV/AIDS
(only tweets in English)



Tweet Pre-processing
(Including removal of emoji‟s, URLs, mentions,
punctuations, special characters, numbers)

Stemming – stemming process is used to trim
either the prefix or suffix of the word. As the result
the word will be dropped to its root word [17].
Lemmatization – this process is similar as
stemming, but the only change is that the word is
reduced to its original dictionary form [18].
Tokenization – this approach is used to divide the
sentence into small fragments called as tokens.
These tokens are given as input to the further
processing [18].
VII. FEATURE EXTRACTION

The feature extraction step is carried out after the converting
the text to tokens. The basic text feature extraction method
Bag of Words Model. The second method used in this
proposed work is TF-IDF method.

Normalization of tweets
(converting to lower case, stemming and
lemmatization)

A. Bow Model
The Bag of Words model is a very basic feature extraction
method which is used to find the frequency of the word in a
document. For example, let us assume that there are three
document d1, d2 and d3 as below,
D1: AIDS is not a disease
D2: HIV is a virus
D3: AIDS is caused by HIV virus
If we apply BOW model for the above three documents then
the resultant document will be,
D = {AIDS, is, not, a, disease, HIV, virus, caused, by}

Feature Extraction
(BOW, TF-IDF)
Feature Selection
(SVD, PCA)
Classification
(LR, SVM)

Table 1. Output of BOW Model
D1
D2
D3

Fig. 1. Methodology Diagram
V. PRE-PROCESSING STEPS
Pre-processing is one of the crucial tasks in twitter analytics.
The twitter data is unstructured so pre-processing the tweets
is very important to get better accuracy in further steps. The
important pre-processing steps carried out in the proposed
work includes,








Getting rid of numeric: Since we are going to
process text data, the numeric in tweets are not
going to contribute anything to the analytics
Removal of punctuation marks
Eliminating URLs
Eradicating unnecessary special symbols
Modifying the words which are misspelled
Removal of Stop words: Since stop words does not
add any information to twitter analytics, it is better
to eliminate the stop words. By doing so we can
reduce the dimensionality of the corpus [22].
VI. NORMALIZATION OF TWEETS

Normalization of tweets has been done to get the desired
text which can be appropriate for further analysis. The
normalization steps which are carried out in this work is
given below.
 Since the uppercase and lowercase words mean the
same thing, converting the tweets to lowercase will
make ease the further steps.
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0

0

1
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0

0

1

The BOW model changes the text in the sentence into
individual vectors. However, there is a disadvantage in this
method that it does not provide any weightage to the word,
instead it just accounts the occurrence of the words in each
document.
B. TF-IDF
Term frequency-inverse document frequency is a weighting
scheme used in text mining [7].
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It is a statistical method which is used to give weightage to
each word in a document. This model is a statistical model.
This model performs better when compared with the above
model, because it provides an advantage of assigning a
weight to the terms in a document [5]. This method also
helps in calculation the priority of the word in a document.
The initial process of TF-IDF is same as BOW model in
which each term is modified to a vector value [23].

(𝑡𝑓 − 𝑖𝑑𝑓)𝑖𝑗 = 𝑡𝑓𝑖𝑗 ∗ log

𝐷
𝑑𝑗

-

In V, the documents are denoted as rows
By probing the VS, the similarity of the document
can be determined
By probing the US, the similarity of the word can
be determined.

(1)

Where,
j = word,
i = document,
D = complete set of documents,
tfij = term j frequency in a document i,
dj = the set of documents in where word i appeared
There is a slight problem with this formula, that if D and d j
become equal then the output answer will be zero. So, some
smoothing technique can be added to improve the formula,
(𝑡𝑓 − 𝑖𝑑𝑓)𝑖𝑗 = log
(𝑡𝑓𝑖𝑗 + 1.0) ∗ log

𝐷+1.0
𝑑𝑗

Fig. 2. Reduced SVD for Term Document Frequency
Matrix

(2)

By modifying the formula in such a way can ensure that the
answer will be non-zero.
VIII.

FEATURE SELECTION

Feature selection is a method for choosing a subset of
appropriate features from the total feature set. This method
is carried out to select only relevant features which are more
reliable for classification task.
A. Singular Value Decomposition
The singular value decomposition (SVD)is a matrix
factorization method [2]. This method acts as an important
part in many linear algebra algorithms. The SVD method is
used for complex as well as real values. The SVD matrix
equation is,
𝐴 = 𝑈𝑆𝑉′

(3)

the above equation tells that if A be a rectangular matrix
which can further be decomposed into other matrix
components:
U has the orthonormal eigenvectors which belong to AA‟,
U‟U = I, V has orthonormal eigenvectors which belong to
A‟A, S is taken as a dimensional diagonal matrix. This
diagonal matrix has the square root of eigenvalues of V or
U.
The SVD offers a strong mathematical foundation for the
field of text analytics [3]. In SVD, the matrix A represents
the text document as a high dimension vector space model.
The matrix A is considered as a word x document matrix.
The role of SVD in text mining is that it takes high
dimensional data and converts it to low dimensional data.
By doing so, it can better find the original structure of the
data. This SVD method can also be used to reduce
redundancy and noise in the data by creating new data
dimension from the old one. In text analytics, SVD does the
below clarification:
- In U, the words are denoted as rows
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B. Principal Component Analysis
PCA is used to reduce dimension of the data from highdimensional dataset to low-dimensional space [26]. It is
considered as a linear data projection method [25]. In this
work PCA is used to map the features extracted from TFIDF method. PCA tries to preserve variance in the lowdimension space. PCA gets initiated with computing the
following covariance matrix.
𝛴=

1
𝑚

𝑚
(𝑖)
𝑖=1 (𝑥 )

(𝑥 (𝑖) )𝑇 (4)

IX. STEPS INVOLVED FEATURE EXTRACTION
AND SELECTION PROCESS
The below steps are carried out in sequence involving both
the feature extraction and selection process.
Step 1: Categorize each tweet with a keyword set
Step 2: Transform all the tweets into vectors which can be
represented in numeric form, then label the keyword by
category ID
Step 3: Estimate the existing TF-IDF method and
smoothened TF-IDF method
Step 4: Carry out feature extraction process on the numeric
data
Step 5: Compute the accuracy based on the confusion
matrix.
Step 6: Carry out the process same as Step 1 to Step 4.
Then do the feature selection process using the
dimensionality reduction technique SVD and PCA
Step 7: Compute the confusion matrix accuracy for the
process involved in step 6.
Step 8: Compare the accuracies achieved in both the step 5
and step 7.
Step 9: Repeat the above process by updating the keyword
set.
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X. CLASSIFICATION
In classification task the input data is partitioned into predefined classes [18]. For this proposed work, 1,00,000
tweets are scraped by using Twitter API.
The extracted tweets are divided into training and testing
set. We have taken 70% for training and 30% for testing.
The training data is labelled with five classes,
C1 – the tweets related to prevention and awareness are
labelled as C1 category
C2 – the tweets in which people spoke about symptoms and
other related issues are categorized in C2
C3 – the tweets in which people mentioned about testing &
care are considered in C3
C4 – the tweets about treatment and medicine are
categorized under C4
C5 – the tweets which does not fall under the abovementioned classes are categorized under this class C5.
After labelling the tweets with concerned classes, the
classification algorithms such as SVM and Logistic
Regression are carried out to test the model.

TF-IDF
Log TF-IDF

𝑝 𝑦=𝑘𝑥 =

XII.

80
75
70
65
60
Logistic
Regression

B. Support Vector Machine
The SVM classification can be applied to both binary and
multiple classification [20]. For multi-classification two
SVM methods can be used,
OVA: One versus All method is used to fit the k class as,
𝑓𝑘 𝑥 , 𝑘 = 1, … 𝐾. Which classifies x* to the class for which
the equation is largest.
OVO: One versus One method will be used to fit all

𝑘
2

pairwise classifiers, 𝑓𝑘𝑙 𝑥 which classifies x* to the class
for which the class wins most pairwise competitions.
XI. EVALUATION MEASURES
Confusion matrix has been used as an evaluation metric in
this work. The overall accuracy is calculated by using
precision and recall as shown below.
𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
𝑅𝑒𝑐𝑎𝑙𝑙 =
𝑅𝑒𝑐𝑎𝑙𝑙 =

𝑇𝑃

𝑇𝑃
𝑇𝑃+𝐹𝑃

𝑇𝑃+𝐹𝑁
𝑇𝑃
𝑇𝑃+𝐹𝑁

(6)
(7)
(8)

Table II: Accuracy of Classification without Feature
Selection
Feature
Logistic
SVM (in %)
Extraction
Regression
(in
Method
%)
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RESULT AND DISCUSSION

The results from the above section shows that the algorithm
can do better classification by using the SVD method for
feature selection. Since text data is highly dimensional, it is
always better to perform some dimensionality technique
before performing classification task. The comparison chart
is plotted for the accuracy results obtained.

(5)

𝐾 exp 
(𝜃𝑘𝑇 𝑥)
𝑖=1

65.5
69.9

Table-III: Accuracy of Classification with Feature
Selection
Feature
Feature
Logistic
SVM (in %)
Extraction
Selection
Regression
(in %)
TF-IDF
SVD
72.5
66.2
Log TF-IDF
SVD
73.1
70.1
TF-IDF
PCA
74.8
72.7
Log TF-IDF
PCA
75.3
73.9

A. Logistic Regression
The Logistic regression can be used for both the regression
and classification task. In classification it can be applied to
perform both binary and multiple classification. For using
the logistic regression for classifying data into multiclass
then a Softmax Function is used [18]. Consider that there are
k classes, then every class will have its own parameter 𝜃𝑘 ,
which maps x to 𝜃𝑘𝑡 𝑥 as given in below equation.
exp 
(𝜃𝑘𝑇 𝑥)

68.2
70.8

SVM

TF-IDF

TF-IDF with SVD

Log TF-IDF

Log TF-IDF with SVD

TF-IDF with PCA

Log TF-IDF with PCA

Fig.3. Comparison among the classification task with
and without Feature Selection
The chart shows that with a feature selection technique, the
classification algorithm could yield a better accuracy. The
SVD and PCA methods are used as dimensionality
reduction technique in many research works. In the field of
text mining it is used for dimensionality reduction and also
for feature selection process which obviously results in
improved classification accuracy.
XIII.

CONCLUSION

Classification of social media data has become a trend now
a days. In earlier, usually people make use of social media
data for market basket analysis. This is because we utilized
social media platform mostly for sharing our reviews. But
now a days this has been changed. People started sharing
their opinion, ideas and thoughts. We could also notice that
health related issues are also discussed on social media.
Mining these kinds of health-related social media data can
help the communication campaign to improve the
surveillance system. This work shows the necessary steps in
classifying the HIV/AIDS related tweets. Further
dimensionality
reduction
techniques
are
also
implemented to show how it
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19.

can help in enhancing the classification task.
XIV.

FUTURE WORK

20.

The following could be considered as a future work,
 The n-gram construction can be done
 More feature selection algorithms can be
implemented
 The accuracy can be measured and compared using
different classification algorithms

21.

22.
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