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Abstract 

 
Internet usage has been at an all-time high from 2000’s vintage years. The people who have access to the internet use it for numerous 

reasons such as social networking, marketing, promoting, enhancing businesses, consultancy, research, gaming and the list goes on. In 

the recent years, Review websites have flourished, where people share their opinion about a product, with an increase in response rate 

and reliability. Recommendations are made by mining data from review websites. Traditional Recommendation systems are limited as 

they only consider certain metrics, such as product purchase details, product category. Recommendation systems are yet to gain 

popularity in the medical field. These days most patients are unable to figure out the medication that works in healing them in the best 

way possible, hence they turn to review websites in order to obtain a second opinion on the prescribed medication. In this work, we have 

developed a smart recommendation system for off-the Shelf Medical Drugs using machine learning and data analytics based on 

patient feedback. The patient feedback is unstructured data which is processed using data analytic tools. After which machine learning is 

used to recommend the best fit and compare the drugs. In this work, we predict the impact of a drug/ medicine on the patient to whom the 

medication was prescribed, using data mining techniques. Firstly, we detect the user’s polarity (positive/ negative/neutral) based on the 

patient feedback for a certain drug using sentiment analysis and opinion mining following which we use machine learning algorithms to 

track sentiment variation and to make a recommendation based on user polarity 

1. Introduction 

These days, a large amount of personal information is available 

online in the form of online textual reviews. A large percentage of 

people make decisions based on these reviews that are available 

online. For instance, a patient may consider looking up at online 

reviews before using any medicine. From this, we can draw a 

conclusion that a positive review by the previous users can be 

used to suggest and recommend the medicine to potential users. 

This leads us to a point where it is of utmost importance that the 

relation between the reviews and reviewers in social networks be 

considered as a primary aspect in web mining, machine learning 

and natural language processing. 

Natural Language Processing plays an important role in 

recommendation systems. Sentiment Analysis is used to 

understand the mood of the users of a particular product or issue. 

Sentiment Analysis is also known by the name Opinion Mining. 

The public usually expresses its opinions in blog posts, 

comments, reviews, tweets etc. We need to build a system that 

collects and examines the opinions and finds the variations in 

sentiment tracking. Opinion mining and Sentiment Analysis have 

several applications. When a company wants to launch a new 

product or if it wants to know which version of its products or 

services is preferred amongst the public, or to find which 

demographics prefer which product, Sentiment Analysis is very 

useful. 

However, Sentiment Analysis has many challenges. Each 

person’s way of expressing opinions is different. The major 

challenge is to identify if the opinion word is positive or 

negative. Some words maybe considered positive in certain 

situations and negative in other situations. For instance, consider 

good as a positive opinion. “This book is good” is a positive  

opinion while “This book is not good” is a negative opinion. The 

fact that most of the text processing relies on the factor that a slight 

difference between two words does not change the overall meaning 

of the sentence makes it difficult to identify the polarity of the 

sentiment of the opinion holder. It is easier to identify if a review is 

positive or negative by examining one sentence at a time. 

However, these days people prefer informal mediums such as 

blogs, tweets or any other social networking website for that 

matter. They combine different types of opinions in the same 

sentence which can be comprehended by the human brain but is 

difficult for the computer to comprehend and determine the 

sentiment. 

Generally, opinions may be expressed on various products e.g., a 

product, a service, a topic, an institution, a law etc. The term object 

is used to denote the entity on which an opinion has been 

expressed. Each object had a set of components and attributes that 

define its existence. The components may be further sub-divided 

into sub- components and each of these sub-components may have 

a separate set of attributes. The object is associated with a pair, O 

:(T,A), where T is the hierarchy or taxonomy of components and 

sub- components of O, and A is a set of attributes of O. Each 

component has its own set of sub components and attributes. 

Considering hierarchy, the object is the root node. The non- root 

nodes are the components and the sub-components. Each of these 

non- root nodes has a set of attributes. Generally, an opinion may 

be expressed on any node or on any attribute. This hierarchical 

representation is too complex for an ordinary user to understand. 

Hence, this hierarchical representation or tree is “flattened”. The 

word which is used to represent both components and attributes is 

“features”. The object which is the root of the tree is also a feature. 

An opinion on an object can be expressed in various platforms 

such as blogs, review websites etc. Opinions are expressed in the 

form of sequences of sentences. This sequence of sentence is 

known as Opinion passage of a feature. This Opinion passage of a 
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feature is a sequence of sentences that expresses if the opinion is 

positive or negative. However, there are various instances where 

in a single sentence may express opinions on more than one 

feature. Opinion holders also play a major role because they 

determine the individual or organization that holds the opinion. 

The sequence of sentences are evaluated to find the polarity of the 

user. These evaluative texts at the document level or sentence 

level are not sufficient to find the user polarity. A document with 

a dominant amount of positive opinions does not necessarily 

guarantee that the opinion holder has positive opinions about all 

the aspects of the objects. Likewise, a document with more 

negative opinions does not necessarily mean that the opinion 

holder dislikes every aspect of the object. In most cases, these 

evaluative documents contain both positive and negative opinions 

and therefore it is important to find the general sentiment of the 

opinion holder. In order to find out the general sentiment of the 

opinion holder, we need to consider the feature level of the object. 

To do this, three key mining tasks are of utmost importance. They 

are 

• Object Feature Identification 

• User Polarity Determination and Sentiment Variation Tracking 

• Synonyms Grouping 

Object Feature Identification finds the features of an object on 

which opinions are expressed. For example “The color of the 

book is red”, In this sentence the color is the feature. Features are 

found by this technique by finding frequent nouns and phrases. 

Determination of user opinion orientation is used to find if the 

opinions on the features are positive, negative or neutral. For 

example “The texture of the cloth is good” is positive, In this 

sentence, the opinion on “texture” which is the feature of the 

object “cloth” is positive. In some documents, the same objects 

features may be expressed with different words. Grouping 

synonyms groups those phrases together to make the 

determination of user polarity and sentiment variation tracking 

easier. 

The availability and popularity of opinion rich resources is 

growing day by day. Therefore it is very important to understand 

that the various challenges and opportunities that arise with 

regard to this. Sentiment Analysis and Opinion mining have 

gained a lot of importance especially when it comes to 

modeling and building recommendation systems. In this work we 

perform opinion mining on patient’s utility about medicines. On 

the basis of this we design and develop a recommendation system 

for off-the shelf medicines. 

2. Literature Survey 

Sanjiv R. Das Et al created a methodology for mining sentiments 

of small investors from stock message boards. The advancement 

in technology has made it possible to access the continuous flow 

of the public opinions from the World Wide Web. The stock 

market is largely being influenced by the Sentiment posts on 

the stock message boards. A method to extract the small 

investor’s sentiment to create an index which is not in existence 

was proposed in this paper along with the illustration of the 

applications of this methodology. The methods proposed have 

helped us to decide on the algorithms that we would like to use 

for the testing of our dataset. 

Erwan Le Martelot et al have explored the use of stability 

optimization using greedy algorithms in the field of multi scale 

community detection. According to this paper, Networks can be 

used to represent real time systems. Analysis of such networks 

proves to be beneficial in gathering information about the 

organization of the original system. A new measure was 

introduced for partition quality. The new measure is stability. 

Several variations and heuristics as well as an application to 

overlapping communities has been presented with optimizing 

algorithms. 

Jayashri Khairnar et al proposed the use of Support Vector for 

classification of the sentiments. It is important to classify and 

organize opinions, suggestions, feedback and views due to the 

huge amount of data that is available of the Web. Therefore, 

Opinion Mining and Sentiment Analysis play an important role in 

identifying the opinions of the users as positive, negative and 

neutral. The proposed theory uses Maximum Entropy, Support 

Vector Machine and Naïve Bayes for Sentiment Analysis. 

Sentiment classification accuracy is also considered. The methods 

proposed helped us identify the algorithms that work the best for 

Opinion mining and Sentiment Analysis. 

B. Sampath Kumar Et al have discussed the various methods of 

Opinion Mining. The proposed method was to process the data 

from the search results obtained when a search is made for the 

given item. Rating of the product can only be made by analyzing 

the reviews given by the customers. 

Altug Akay Et al proposed a two-step framework to find the 

sentiments of the user along with the uses and side effects of 

cancer treatment Word frequency is mapped by using a self 

organizing map and a network-based approach and modeling the 

user sentiments from the forum interactions and employing a 

network partitioning method to optimize the quality measures 

stability. Id en t i f i ca t io n  of in fluen t i a l  users and 

determination of consumer opinion would be done more efficiently. 

3. Background Information 

Naïve Bayes Classifier 

The Naïve Bayes Classifier algorithm, mostly used in text 

classification, has higher success rates when compared to other 

algorithms. As a result, it is widely used for spam filtering and 

sentiment analysis. 

Bayesian Network  

Bayesian Network Algorithm is used to evaluate the prediction 

using different performance metrics on the trained data set. 

4. Proposed Methodology 

The proposed system has the following tasks: 

• Spam Detection and Preprocessing of Data Set 

In this work, we have used the patient feedback (sentiments) on 

medical drugs, which is unstructured data expressed mostly in 

the internet language. First, spam detection is done in order to 

avoid redundancy and enhance the reliability of the data set. After 

which removal of stop words and emoticons is done so that only 

valuable information in the data set is taken into consideration. 

• Sentiment Analysis 

In this work, we have used Naïve Bayes classifier and 

collaborative filtering for spam filtering and sentiment analysis of 

patient feedback, based on which the user polarity is detected. 

The Naïve Bayes model involves an assumption for enhancing a 

simple conditional independence. In a given class 

(Positive/Neutral/Negative), the words in the class are 

conditionally independent of each other. This assumption enables 

the application of really fast classification algorithms for the 

problem in hand, without affecting the accuracy in text 

classification. Narayanan V Et al explore and discuss the accuracy 

of Naïve Bayes classifier for sentiment analysis in their 2013 paper 

[8]. 

In our work, the probability that a word belongs to a particular 

class is given by the following equation. 

 

                   Count of words ei in all documents of class g 

P(ei | g) =                                                                                        (1) 

                   Number of words in all documents of class g 

Where, 

g-  A given class of documents (Positive/negative/neutral) 

i-  A word in all documents of a class g 
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And based on naïve Bayes algorithm, the probability that a 

document D belongs to a class g is given by: 

                     p( D | gi ) *  p( gi ) 

P(gi | D) =                                                                                     (2)   

                               P(D) 

Where,  

gi – Is the class 

D- A given document of words and, 

                    ( Πp( ei | gi )) * P(gi) 

P(gi | D) =                                                                                     (3)              

                               P(D) 

Where, 

g- A given class 

 i -Words in a given document D 

D- A document D that belongs to a class g 

•    Sentiment Variation Tracking 

The next task in our work is to track the variations in user 

sentiments. 

Bayesian Network Algorithm is used to evaluate the prediction 

using different performance metrics on the trained data set. After 

which, A recommendation is made for a certain drug based on the 

user sentiment polarity. 

We have created a Bayesian Network that will allow us to 

determine the exact numerical implications of the user feedback 

on the drug’s performance. In the proposed system, the Bayesian 

network will contain two nodes representing Random Variables, 

the nodes are: 

User Polarity (Positive/negative/neutral)  

Final Recommendation 

• Final Recommendation 

The Final recommendation system rates the medical drugs and 

recommends the best fit based on data records and user polarity. 

The Final recommendation system also takes into account the 

number of positive, negative and neutral reviews and makes 

recommendation on the basis of this count 

The work in total maybe represented as in Fig 1 

 
 

Fig. 1 

 

In this work, we first preprocess the data sets , wherein we 

perform spam detection to avoid redundancy and remove stop 

words and emoticons from the patient feedback. After which, we 

use naïve Bayes classifier algorithm for sentiment analysis and 

sentiment variation tracking. Finally, we use Bayesian Network 

algorithm to make a final recommendation based on user polarity. 

5. Result Analysis 

The proposed system was tested with patient reviews. A 

comparison of the performance of the proposed system and the 

existing one is presented in terms of precision and recall in Fig2. 

 

 
 

Fig. 2 

 

There is a marginal difference between the existing system and 

proposed system. The slope of proposed system makes an 

improved balance between precision and recall, as a result of 

which more relevant reviews e taken into consideration. 

6. Conclusion 

In this Paper, a smart recommendation system is proposed by 

mining patient feedback on medical drugs and sentiment 

information from Patient reviews. The proposed system employs 

data analytic tools to preprocess unstructured data and train the 

datasets. After which, sentiment analysis is used to detect user 

polarity and track variations in patient sentiments. Based on user 

polarity, a final recommendation of the best fit is made. The 

proposed system uses techniques to implement feature based 

opinion mining. The main aim is to help patients seeking for a 

second opinion on a prescribed medication. The proposed 

system uses feedback from patients who have already taken the 

same prescribed medication and implements data analyt ics  to t 

rack the e f f i c i ency and effectiveness of the medication. 

Hence, this smart recommendation system will serve as a means of 

verifying the possible effects and effectiveness of a medication. 

There is a wide scope for future improvement in the proposed 

recommendation system. In the future work, the recommendation 

system can be enhanced by considering other metrics such as cost 

and healing time to make better recommendations and enable 

highly precise data analysis by upgrading the user feedback 

sentiment dictionaries. 
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