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ABSTRACT 

Aspect-oriented sentiment analysis is done in two 

phases like aspect term identification from review 

and determining related opinion.. Feature extraction 

and feature selection techniques contribute to 

increase the classification accuracy. Feature selection 

strategies reduce computation time, improve 

prediction performance, and provides a higher 

understanding of the information in machine learning 

and pattern recognition applications etc. This work 

specifically focuses on aspect extraction from 

restaurant/hotel review dataset but can also be used 

for other datasets. In this paper, we propose an 

unsupervised method to address aspect category 

detection task without the need for any feature 

engineering. Our method utilizes clusters of 

unlabeled reviews and soft cosine similarity measure 

to accomplish aspect category detection task. This 

method helps to select relevant features and avoid 

redundant ones. Initially, the extracted features 

undergo preprocessing and then the “term-frequency 

matrix”(TF-IDF) is generated which contains the 

occurrence count of features with respect to aspect 

category. In the next phase, different feature selection 

strategies are applied which includes selecting 

features based on correlation, weighted term 

frequency and weighted term frequency with the co-

occurence data. this study conducts a sentimental 

analysis with data sources using with the Random 

Forest algorithm approach, we will measure the 

evaluation results of the algorithm we use in this 

study. The model is good enough. but we suggest 

trying other algorithms in further research. 

Keywords: Aspect-Based Sentiment Analysis 

(ABSA), Machine Learning (ML), feature selection, 

Term Frequency-Inverse Document Frequency (TF-

IDF), Random forest (RF)algorithm. 

1. INTRODUCTION 

Due to the quick expansion of the social 

networking sites, people post their opinions 

freely[1]. The growth of internet technologies led 

to increase in online shopping and posting reviews 

about the products. This helps customers to 

compare multiple products and gives them further 

options to choose from. It is a difficult task to 

analyze products by overall comparison and hence 

the need to compare products[2]. Comparison can 

be done on the basis of aspects. ABSA has 

become a research interest and a challenging task 

for the researchers. ABSA includes different 

subtasks namely aspect. term identification, 

opinion target extraction and corresponding 

sentiment determination [41]. The sentiment 

classification is done at three levels like aspect 

level, sentence level and document level [42]. 

Following is the example from a restaurant 

review dataset. Restaurant reviews can have major 

aspect categories as price, ambiance, food, service, 

etc. So instead of determining overall review 

sentiment, it is useful to extract the aspect from 

review and then determine sentiment for that 

aspect[3]. In the following example, sentence 1 

denotes food aspect category and sentence 2 

shows price and food aspect categories [43] [44]. 

 “The food was great.” 

 “The food was pricey and not too tasty.” 

Given a list of pre-defined aspect categories (e.g. 

‘food’ and ‘price’ in restaurant domain), aspect 

category detection aims to assign a subset. The aspect 
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categories may be explicit or implicit. In sentence 2, 

price aspect is explicit but the food aspect is implicit. 

The focus of this work is to extract aspect categories 

from review sentences. For aspect category detection, 

our method utilizes soft cosine similarity[4].  

Firstly, we cluster a set of unlabeled review sentences 

into k- cluster. Clustering is per- formed based on the 

Euclidean distance between the average of their word 

embeddings. Our motivation for using the cluster of 

sentences is based on the intuition that sentences in 

the same cluster share similar information about 

categories they belong to. The similarity between a 

given sentence and a pre-defined category is defined 

as the soft cosine similarity between sentence and a 

set of manually selected seed words corresponding to 

that category[5]. So, the similarity values can give us 

information about categories that sentence belongs to. 

We also define similarity between a cluster and a 

category as averaging the similarity scores of the 

sentences in the cluster [46] [47]. Finally, given a test 

review sentence, scores obtained for the sentence and 

the nearest cluster to it are interpolated.  

These final scores are normalized and used to detect 

the categories mentioned in the sentence. If the 

similarity of a category surpasses a threshold, it is as- 

signed to the sentence. Hence, this is a text 

categorization problem [48] [49]. This system is 

trained and tested using Sem-Eval 2014 restaurant 

review dataset. The reviews in the given dataset had 5 

aspect categories like food, ambiance, price, service 

and miscellaneous[6]. When enough review data is 

available and aspect categories are defined, then 

supervised algorithms can be used to forecast the 

aspect categories. The accuracy of  the supervised 

algorithms(Random Forest) is reliant on the quality 

of the features extracted and selected [50].  

The main challenge when analyzing hotel guest 

responses is to predict the opinion of an author, 

expressed in the hotel review, by classifying it as 

positive or negative feedback[7]. It can be addressed 

by application of sentiment analysis. 

2. LITERATURE SURVEY 

 

 Early  works  for  addressing  aspect  

extraction relied on approaches such as identifying 

frequent nouns and noun phrases using association 

rule mining, dependency relations, and lexical 

patterns[8].The SemEval workshops, over the course 

of three years, has included aspect-based sentiment 

analysis in their competitions. One of the subtasks 

introduced dur- ing SemEval is aspect category 

detection, which our proposed method is going to 

address[9].  Most of the supervised approaches 

proposed to address this subtask utilizing machine 

learning algorithms and train a set of the one-vs-all 

classifier using hand-crafted features[10].There are 

only a few unsupervised approaches to address the 

aspect category detection subtask in the literature. In 

authors trained a network similar to auto-encoder 

with attention mechanism to attend to aspect-related 

words[11][12] In order  propose to use a double 

propagation technique to mine rules based on 

dependency relations for finding aspect terms of each 

category[13].Sentiment analysis (SA) is a vastly used 

term to classify user’s opinion using NLP and ML 

Approaches. Various  
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Fig. 1: Supervised learning approach for SA: a basic model view 

researchers have used multiple methods for aspect 

based classification, polarity based classification 

[14], [15]etc. Product review based sentiment 

analysis is similar to the proposed sentiment analysis 

approach. Fig. 1 summaries the basic model of the 

sentiment classification task.The supervised approach 

of classification requires a training set and a test set 

for classification. The classifier is trained on a pre-

labeled training set. Then a test set is utilized to 

verify the model by deriving the class labels of 

unknown features. Some feature components that are 

used for feature categorization are unigrams, bigrams 

NLP based [16] and ontology-based features [17]. 

Now days, many systems use word dependency-

based and ontology-based features [18] to train the 

classifier. These feature components can be utilized 

to discover the semantically related words, 

expressions& sentences.  

A variety of machine learning algorithms like Simple 

Naïve Bayes (NB), Random Forest and Support 

Vector Machines (SVM)] are used for ABSA of 

reviews. The NB produces good results if word 

features are to be considered independent or 

unrelated to one another. The model depends on 

Bayesian calculation[19]. Here, lemma features are 

extracted, and for feature selection different strategies 

are applied, like feature selection based on term 

frequency, weighted term frequency, term frequency 

with correlation, and weighted term frequency with 

correlation. In this approach, relevant features are 

selected, redundancy is avoided and unique features 

are procured. By using these weighted features, a 

training model is derived. For test sentences, the 

probability of every aspect class is calculated and the 

aspect class with the highest probability is the actual 

aspect label[20][21]. 

Manual Selection of Category Seed Words 

 

In Existing System K-cluster classification algorithm used 

on unsupervised data.We manually select a set of 5 seed 

words for each category (20 in total) to represent the 

category. Because the anecdotes/miscellaneous 

category is very unspecific and abstract, we didn’t 

choose any seed words for it[22]For this aspect, 

following, we would assign this category only to 

sentences that were not assigned any other category. 

 

Sentence similarity 

 

In order to find the similarity score of a given sentence 

compares to a category, we utilize soft co- sine 

measure[23]. For each category, we define the 

similarity of the given sentence to that category as 

the average of soft cosine similarity values between 

the sentence and each of the seed words be- longing 

to that category. Let x be a given sentence and ai be 

the i-th category. We define the Simai (x) to be the 

similarity value between ai and x. 

Cluster similarity 

A set of unlabeled sentences are acquired from the 

Yelp dataset challenge 2. In order to decrease noise 

samples and since the precision is a more important 

factor than recall in acquiring true sentences, only 

sentences that contain at least one of the category 
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names (eg. ’food’, ’service’) are selected[24]. Using 

k-means clustering algorithm, these unlabeled 

sentences are clustered into k clusters. Clustering is 

done based on the Euclidean distance between the 

average of word embedding of sentence words[25], 

Clustering is unsupervised Learning Algorithm and 

the task of dividing the population or data points into 

a number of groups such that data points in the same 

groups are more similar to other data points in the 

same group than those in other groups. In simple 

words, the aim is to segregate groups with similar 

traits and assign them into cluster[26]. 

 

3. PROPOSED SYSTEM 

 

Supervised vs. unsupervised learning 

Unsupervised learning is when an algorithm is only 

given input data, without corresponding output 

values, as a training set[27]. Unlike with supervised 

learning, there is no correct output values or teachers. 

Instead, algorithms are able to function freely in 

order to learn more about the data and present 

interesting findings. Unsupervised learning is popular 

in applications of clustering, or the act of uncovering 

groups within data, and association, or the act of 

predicting rules that describe the data[28]. 

Supervised learning models have some advantages 

over the unsupervised approach, but they also have 

limitations[29]. The systems are more likely to make 

judgments that humans can relate to, for example, 

because humans have provided the basis for 

decisions. However, in the case of a retrieval-based 

method, supervised learning systems have trouble 

dealing with new information[30]. If a system with 

categories for cars and trucks is presented with a 

bicycle, for example, it would have to be incorrectly 

lumped in one category or the other. If the AI system 

was generative, however, it may not know what the 

bicycle is but would be able to recognize it as 

belonging to a separate category. An approach that 

combines both supervised and unsupervised 

techniques is called semi-supervised learning[31]. 

This is when only some of the input data points are 

labeled with output information. The proposed 

system as shown in fig 3. processes review dataset 

and summarize it for better reading. The hotel dataset 

from the SemEval-2014 Challenge [32] is used in the 

system. The system consists of three components 

namely user section, hotel section and admin section. 

Although, the system is domain specific, it can easily 

extended  to other generalized domains. In proposed 

system the unlable (unsupervised) data is converted 

in-to lable (supervised) data. In proposed System 

Unsupervised methodology have two types of 

recommendation systems. 

a) Content based recommendations 

Content-based recommenders 

treat recommendation as a user-specific 

classification problem and learn a classifier 

for the user's likes and dislikes based on 

product features[33]. In this system, keywords 

are used to describe the items and a user 

profile is built to indicate the type of item this 

user likes. 

(1) creating a TF_IDF vectorizer 

(2) calculating cosine-similarity 

(3) Making a recommendation 

 

b) Collaborative filtering recommendations 

The most common technique used for 

recommendations is collaborative filtering[34]. 

Recommender systems based on collaborative 

filtering predict user preferences for products 

or services by learning pastuser-item 

relationships from a group of user who share 

the same preferences and taste. 

(i) User-Based Collaborative Filtering 

Firstly, we will have to predict the rating that user  

will give to item[35]. In user-based CF, we will find 

say k=no of items who are most similar to user . 

Commonly used similarity measures are cosine, 

Pearson, Euclidean etc. We will use cosine 

similarity here which is defined as below: 
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(ii) Item-Based Collaborative Filtering 

In this approach, similarities between pair of 

items are computed using cosine similarity metric. 

The rating for target item i for active user a can be 

predicted by using a simple weighted average as: 

 

where K is the neighborhood of most similar items 

rated by active user a, and w(i,j) is the similarity 

between items i and j.Here the item weight is 

caluculated by TF-IDF. 

 

                     Fig 2: Methodology for Sentiment Classification of Hotel Reviews 

Data pre-processing 

The review dataset is first pre-processed. The dataset 

is cleansed so that further processing can be done 

effectively. All the white spaces and special 

characters are removed. Also, the reviews are split 

into each individual sentences. Then, stop words are 

removed from each sentences as shown in fig.2[36]. 

This is done by using pre-determined set of stop 

words. The Porter algorithm is applied for stemming. 

This results in all the words in their root form and 

helps in effectively processing them. 

Stop word removal 

Stop words are regular words that for the most part 

don't add to the significance of a sentence, in any 

event for the motivations behind data recovery and 

normal language handling. These are words, for 

example, 'the' and 'a[37]. Most web indexes will sift 

through stop words from hunt questions and records 

so as to spare space in their file. NLTK accompanies 

a stop words corpus that contains word records for 

some languages. 

 

Stemming 

Stemming is a procedure to remove appends from a 

word, winding up with the stem. For instance, the 

stem of cooking is cook, and a good stemming 

calculation realizes that the "ing" addition can be 

removed. Stemming is most usually utilized via web 

crawlers for ordering words[38]. Rather than putting 

away all types of a word, a web crawler can store 
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just the stems, extraordinarily decreasing the 

measure of file while expanding recovery 

exactness[39]. A standout amongst the most widely 

recognized stemming calculations is the Porter 

stemming calculation by Martin Porter. It is intended 

to remove and supplant understood additions of 

English words. 

 

Fig 3:  Stop Word RemovalLemmatization 

Lemmatization is fundamentally the same as 

stemming, yet is progressively much the same as 

equivalent word substitution[40]. A lemma is a root 

word, rather than the root stem. So dissimilar to 

stemming, you are always left with a substantial word 

that implies something very similar. Be that as it 

may, the word you end up with can be completely 

different. 

Algorithm for Preprocessing 

Input: a text file containing all the reviews 

Output: sentences free from stop words, and 

stemmed, lemmatized words. 

Method: Tokenize the given data set D into sentences 

S1,S2,S3,…Si again tokenize the sentence into words 

W1,W2,W3,..Wj 

For each word W in a sentence, S look for the 

presence of it in stop word. If you found it, skip that 

word else include it and go for another word.       Do: 

FOR EACH SENTENCE in Si DO 

Aspect based sentimental analysis 

In aspect based sentimental analysis, the main terms 

to be extracted are the aspects. As it is a complicated 

process we consider only nouns as the aspect terms. 

Nouns can be extracted from the chunk grammar. 

Data Extraction and Preparation 

During data preparation, the text data is preprocessed 

and unstructured text is turned into a structured 

format. Firstly, all characters in the example set are 

transformed to lower case. The text is split into a 

sequence of tokens, consisting of one single word. 

Then all tokens which equal a Stop words from the 

English built-in Stop words list are removed from the 

text. Stop words are noise words that increase the 

classification error on new data. The tokens are 

filtered based on their length, with minimum 3 and 

maximum 99 characters. Finally, stemming is 

performed by Porter stemming algorithm applying an 

iterative, rule-based replacement of word suffixes 

intending to reduce the length of the words until a 

minimum length is reached [41].  

 

The tokens are used to generate word vectors 

numerically representing each example and TF-IDF 

score of each available word is calculated. The results 

from preprocessing are in the form of a term 

document matrix, where each token is now an 

attribute in a column and each review is an example 

in a row. The values in the cells are the calculated 

TF–IDF scores for each word in the word vector 

creation process. The generated word attributes and 

their TF– IDF scores are used by the classifier. 

 

Attribute Extraction 

𝑡 

𝑡 
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The aim of attribute extraction and selection is to 

select a subset of words occurring in the training set 

and using only this subset as attributes in text 

classification. Attribute selection decreases the 

vocabulary size by eliminating noise or irrelevant 

words and increases classification accuracy[42]. 

There are various attribute selection methods based 

on mutual information, chi-square, Information gain 

or Gain ratio, frequency-based feature selection. The 

decision tree algorithm incorporates attribute 

selection by calculation of Term Frequency-Inverse 

Document Frequency (TF-IDF) is applied to both, 

training and testing data sets. It diminishes the weight 

of terms that occur very frequently in the data set and 

increases the weight of terms that occur rarely. TF-

IDF is calculated through the following formula: 

                                             𝑇𝐹 − 𝐼𝐷𝐹  = 𝑇𝐹𝑡,𝑑   ∗ 

𝐼𝐷𝐹𝑡 

where t is a term(attribute) in a document(example) 

and d is given document(example), where t appears. 

Term Frequency (TF) is the ratio between the number 

of times a term t appears in a given document d (n t) 

and the total number of terms in the document (n). 

The text is split into a sequence of tokens, consisting 

of one single word. 

                                            𝑇𝐹 − 𝐼𝐷𝐹 =
𝑛 
∗ log2 𝑁 

Inverse Document Frequency is the ratio between the 

total number of documents in the corpus (Nd) and the 

number of documents that contain the term t (Nt). 

The result from applying only TF is that frequent 

words have higher TF score and infrequent words - 

lower TF score. TF- IDF takes into account not only 

the importance of a word in a given document but 

also its importance in the entire corpus. This 

technique decreases the weight of frequent words and 

increases that of rare words in a corpus. The TF-IDF 

score of a word increases when the number of times 

the word appears in a document (TF) increases. If the 

number of documents that contain a word is 

increased (the word appears more frequently in the 

corpus), the TF-IDF score of the word decreases, 

otherwise increases. 

TF_IDF Algorithm 

Input: sentences free from stop words, and stemmed, 

lemmatized words. 

Output: Aspects that retrieved using tf-idf. Method: 

Load the input data file. 

Calculating the frequency of word in the given input 

file i.e., number of occurrences of i in j. 

                          TF(w) =Number of times term w 

appears in a document) / (Total number of terms in     

the document) Number of documents containing i. 

           IDF(w) = log_e(Total number of documents / 

Number of documents with term w in it) 

           TF-IDF=TF(w)*IDF(w) 

 

Random forest algorithm 

Ensemble classification methods are learning 

algorithms that construct a set of classifiers instead of 

one classifier, and then classify new data points by 

taking a vote of their predictions. The most 

commonly used ensemble classifiers are Bagging, 

Boosting and Random Forest (RF) [43]. 

Random forest is a type of supervised machine 

learning algorithm based on ensemble learning. 

Ensemble learning is a 

type of learning where you join different types of 

algorithms or the same algorithm multiple times to 

form a more powerful prediction model. The random 

forest algorithm combines multiple algorithms of the 

same type i.e. multiple decision trees, resulting in a 

forest of trees, hence the name "Random Forest". The 

random forest algorithm can be used for both 

regression and classification tasks. 

RF classifier can be described as the collection of 

tree- structured classifiers. It is an advanced version 

of Bagging such that randomness is added to it [15]. 

Instead of splitting each node using the best split 

among all variables, RF splits each node using the 

best among a subset of predictors randomly chosen at 

that node. 

A new training data set is created from the original 

data set with replacement. Then, a tree is grown using 
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random feature selection. Grown trees are not pruned 

[16]. This strategy makes RF unexcelled accuracy 

[17]. RF is also very fast, it is robust against 

overfitting, and it is possible to form as many trees as 

the user wants  [18]. 

 

Fig 4: Random Forest –Supervised classification Algorithm 

The random forests algorithm (for both classification 

and regression) is as follows [19]: 

1. Draw 𝑛𝑡𝑟𝑒𝑒 bootstrap samples from the original 

data 

2. For each of the bootstrap samples, grow an 

unpruned classification or regression tree, with the 

following modification: at each node, rather than 

choosing the best split among all predictors, 

randomly sample 𝑚𝑡𝑟𝑦 of the predictors and choose 

the best split from among those variables. (Bagging 

can be thought of as the special case of random 

forests obtained when 𝑚𝑡𝑟𝑦 = p, the number of 

predictors.) 

3. Predict new data by aggregating the predictions of 

the  𝑒 trees (i.e., majority votes for classification, the 

average for regression). 

4. RESULT AND DISCUSSION 

The proposed system is implemented in python 

with windows environment, some inbuilt functions 

are used during the feature selection as well as 

extraction. Our proposed aspect based sentiment 

analysis models reviews were preprocessed to 

remove unwanted and noisy data. After 

preprocessing, aspect extraction, identification of 

interesting aspects, and separation into positive, 

negative will be performed. Accuracy have been 

calculated for both the models using Random forest 

algorithm. The performance metrics indicate that 

aspect based sentiment analysis model using 

TFIDF gives higher accuracy on the given input 

data set. Experimental analysis is explained below 

 

 
Fig 5: Input Data set 
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Fig 6: Data set for Content based recommendations 

 

Fig 7: output for content based recommendations 

 

Fig 8: Data set for collaborative recommendations 
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Fig 9: output for collaborative recommendations 

 

Fig 10: Random Forest classification Evaluation based on ROC curve 

5. CONCLUSION 

In this work we have presented two methods 

for detecting aspect categories that is useful 

for online review summarization. The first, 

unsupervised, method uses spreading 

activation over a graph built from word co-

occurrence data, enabling the use of both 

direct and indirect relations between words. 

This results in every word having an 

activation value for each category that 

represents how likely it is to imply that 

category. While other approaches need 

labeled training data to operate, this method 

works unsupervised. The major drawback of 

this method is that a few parameters need to 

be set beforehand, and especially the 

category firing thresholds (i.e., co) need to 

be carefully set to gain a good performance. 
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We have given heuristics on how these 

parameters can be set. 
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