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Abstract:With the world transforming into a digital age, the generation of textual documents is increasing at an 

unprecedented rate. This has consequently given rise to the need to organize these documents into proper categories and 

structure.  Text classification, also known as text categorization, is the process of categorizing text into organized groups. 

In this paper, IMDB dataset of fifty thousand movie reviews is assessed and a classification system is designed. It 

compares Linear SVC, Bernoulli Naive Bayes, Logistic Regression, Multinomial Naïve Bayes and Random Forest as 

classification algorithms for applying sentiment analysis and finding the polarity of the given review. These classifiers 

were tested, analysed and compared with each other and finally a conclusion was obtained.The authors decided to show 

the comparison based on several parameters such as precision, accuracy, F1-score, recall and confusion matrix. The 

classifier which gets the highest among all these parameters is termed as the best machine learning algorithm for the text 

sentiment analysis of IMDB review data set. 

 

Index Terms -Text Classification ∙ Sentiment Analysis ∙ Machine Learning ∙ Logistic Regression ∙ Random Forest ∙ 

Multinomial Naïve Bayes ∙ Bernoulli’s Naïve Bayes ∙ Linear Support Vector Classifier ∙ Natural language processing 
  

  

I. INTRODUCTION:  

Improving sales and retaining customers are the fundamental goals of a business. For a business to thrive, it must understand the 

customer's response to a particular service or product. In this "data age", a huge amount of data is generated every day. A plethora 

of consumer opinions are easily and readily available on various online sources in the form of blogs, forums, social media, review 

sites and more, which act as a base for many people to make their decisions on. But it is beyond the control of manual techniques to 

analyse millions of reviews and aggregate them into a quick and efficient decision. To overcome this problem, machine learning 

plays an important role. Machine learning is a subset of artificial intelligence (AI) that focuses on using statistical techniques to 

create intelligent computer systems that learn from existing databases. It is used in various fields such as image processing [1], 

speech recognition[2], weather forecasting [3], and others.Sentiment analysis, also known as opinion mining, is a machine learning 

tool that uses computing power to understand the underlying emotions in text. It analyses the text by finding out the semantic 

meaning of the text and thus explains the polarity of the text, from positive to negative. By training machine learning tools with 
examples of emotions in text, machines automatically learn to detect emotions without human intervention. By categorizing content 

into different categories, users can easily find anything. After the text is grouped, it is analysed by various models. This model has 

the task of applying tags to content. These models are just machine learning algorithms, also known as classifiers. These classifiers 

need to be trained to make predictions on the text dataset. These classifiers are trained by assigning the tag and then associating it 

with text fragments. 

 

II. RELATED STUDY: 

 RELATED STUDY ON LOGISTIC REGRESSION 

Prabhat and Khullar [4] have presented that the vast amount of online data cannot be mined constructively to extract 

valuable information and be a credible base for decision making. Sentiment analysis is a method in which we judge 

people’s ideas, thoughts, opinions and belief about a particular idea or entity.  Authors performed sentiment classification 
on data using Naive Bayes classifier and logistic regression. They used supervised and unsupervised learning algorithms. 

Criterions for the effectiveness of algorithms were based on accuracy, precision and throughput. The analysis using 

logistic regression came out to have 10.1% more accuracy and 4.34% more precision with approximately one-fifth 

implementation time for same size of data set compared to Naive Bayes classifier. 

 

 RELATED STUDY ON LINEARSVC 

Support Vector Machines (SVM) is a powerful; state-of-the art algorithm with strong theoretical foundations based on the 

Vapnik-Chervonenkis theory [5].  

SVM constructs hyper-planes in a multidimensional space that separates different class boundaries and the number of 

dimensions is called the feature vector of the dataset. 

 

 RELATED STUDY ON BERNOULLI’S NB: 

Naive Bayes is a machine learning classification algorithm based on Bayes' theorem that gives the probability of an event 

occurring. The Naive Bayes classifier is a classifier which focuses on probability. That is, given an input, it predicts the 

probability that the input will fall into all classes. Also called conditional probability.Bernoulli Naive Bayes is a type of 

Naïve Bayes. Discrete data is used in this and it works with Bernoulli distribution. The main feature of Bernoulli Naive 

Bayes is that it only accepts features as binary values such as true or false, yes or no, success or failure, 0 or1. 
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P(A|B) – the probability of event A occurring, given event B has occurred 

P(B|A) – the probability of event B occurring, given event A has occurred 
P(A) – the probability of event A 

P(B) – the probability of event B 

 

 RELATED STUDY ON RANDOM FOREST: 

Random forest is one of the most potent ensemble methods with great performance when it comes to high-dimension data, 

according to Nadi and Moradi [6]. By increasing the number of trees and decreasing the number of levels for each tree in 

random forest, the authors of this paper have presented a new approach to improve random forest performance. In this 

method, the trees are confined to a specific depth to allow for greater views. Every tree that is bound is regarded as a local 

view of the issue, and the more local the view, the better the classification. The outcomes demonstrated that the accuracy 

for high-dimension problems can be improved by binding the trees. 

 

III. METHODOLOGY: 
There are many machine learning algorithms used for text classification. But not all have the same accuracy or precision. Some are 

less accurate; some are more accurate. In this paper, text classification is done using five different machine learning algorithms 

implemented on the IMDB movie ratings dataset. The classification algorithms used are Logistic Regression Classifier, Random 

Forest Classifier, Bernoulli Naive Bayes Classifier, Multinomial Naive Bayes Classifier, and Linear Support Vector Classifier. 

They reported considerable accuracy and demonstrated efficient processing of dataset. Each of these five algorithms works in a 

completely different way. One works with specific formulas for classification and prediction, the other works by building nodes 

and trees (random forest). Each of these algorithms has developed a solution for classifying text. 

The overview of architecture is shown in fig. 1. At the beginning, we import the necessary libraries which can also simultaneously 

be included in code as we proceed further. Next, we load the data set on which we need to perform the classification. To evaluate 

the representation, we used the IMDB movie review data set. The data set contains two columns (i) review of the movie and (ii) 

sentiment, which is categorized as either positive or negative. Then, we perform the pre- treatment or cleaning of text. After this 
step, the focus comes on the representation of text. In the testing phase, the five classifiers are applied on the data set which gave 

five parameters as the output and also to compute which feature has the maximum value for a particular class in the dataset [7, 8]. 

The parameters computed are accuracy, precision, F1-score and confusion matrix. 

 

 
Fig. 1 Architecture of the implementation 

 

 

 

TEXT PRE-TREATMENT AND REPRESENTATION: 

We start by removing noisy text, which is basically html strips, brackets and special characters, Then, we perform text stemming, 

which is a kind of text normalization. The sentence can be written in different ways by changing the tense, but the meaning is the 

same. So, Stemmer helps you get rid of these tenses by making sentences have the same meaning. Stemmer's main task is to 

summarize sentences. The algorithm used for stemming is Porter Stemmer, which performs condensation tasks. Moving on, there 
are some words that do nothing to distinguish classes. These words can be prepositions, conjunctions, and pronouns. These words 

have no context in the text because they do not contribute to classification [9].  
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These words are called stop words. Therefore, stop words such as "that", "a", "and", "but", "or" should be removed. Therefore, 

English stop words were downloaded. After downloading the stop word list, we need to compare the words against this list and 

filter the words from the list [10]. After pre-processing and cleaning, we obtained the output of cleaned text as shown in Table 1. 

Then we categorized our reviews on the basis of their lengths. We made six different groups with each group containing review of 

different lengths. The groups formed were  (i) less than 50 words (ii) 50 to 100 words and so on until group containing reviews of 
length 250 to 300 words. Reviews containing more than 300 words were discarded. The final size of the groups can be seen in Fig. 

2. 

 

 

 

 

 

 

 

Table 1- 

Before v/s 

After 
Cleaning the text 

 

 

 
 

Fig. 2Number of reviews in each category 

 

 

 

 

IMPLEMENTATION OF CLASSIFIER: 

After performing text pre-treatment and representation, the classifiers are now to be implemented. We had considered five 

classifiers to determine which has the best output. In the beginning, we had split the data set into training and testing set, the size of 

the testing set being 30% and training set being 70%. As all the classifiers implemented are supervised so the data sets are provided 

and one has to just apply classification algorithms. 

 

 

IV. RESULTS AND OUTCOME: 

After running the code successfully, the required output was obtained. As mentioned earlier, the comparison between the 

algorithms is done on the basis of five parameters namely accuracy, precision, F1-score and confusion matrix. Let us compare the 

five algorithms implemented one by one. 
 

Confusion matrix, as seen in fig 3, is defined as how much a classifier is able to predict the correct value, i.e., true positives in 

classification or what number of values belongs to the correct class rather than the other class. 
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Fig. 3Confusion Matrix 

 

 

Accuracy is defined as the ratio of observations predicted correctly to the total number of observations. The mathematical formula 

is defined as: 
 

Accuracy = TP + TN / (TP + TN + FP + FN) 

 

Precision is defined as the ratio of observations that are predicted positively correct to the total number of observations predicted 

positively. The mathematical formula is defined as: 

 

Precision = TP / TP + FP 

 

Recall is defined as the ratio of observations that are predicted positively correct to the total number of observations in an actual 

class. The mathematical formula is defined as: 

 

Recall = TP / TP + FN 
 

F1-score is defined as the harmonic average of recall and precision. The mathematical formula is defined as: 

F1score=2*recall *precision/(recall+precision) 

 

Where TP = True Positive 

TN = True Negative 

FP = False Positive 

FN = False Negative 

 

The following results were obtained: - 

 Accuracy 
LEN OF 

REV 

BER. 

NB 

LINEAR  

SVC 

LOG. 

REG 

MULTI. 

NB 

RANDOM 

FOREST 

< 50 0.55 0.87 0.87 0.75 1.00 

50–100 0.89 0.90 0.90 0.87 0.87 

100 – 150 0.79 0.88 0.88 0.77 0.84 

150 – 200 0.79 0.87 0.86 0.77 0.77 

200 – 250 0.84 0.85 0.86 0.81 0.77 

250 - 300 0.83 0.84 0.82 0.80 0.67 
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 Precision 

LEN OF 
REV 

BER. 
NB 

LINEAR  
SVC 

LOG. 
REG 

MULTI 
NB 

RANDOM 
FOREST 

< 50 0.55 0.86 0.84 0.69 1.00 

50–100 0.92 0.90 0.89 0.93 0.87 

100 – 150 0.96 0.87 0.87 0.94 0.86 

150 – 200 0.94 0.85 0.84 0.91 0.80 

200 – 250 0.88 0.83 0.84 0.89 0.79 

250 - 300 0.81 0.85 0.84 0.84 0.89 

 

 

 Recall 

LEN OF 

REV 

BER. 

NB 

LINEAR 

SVC 

LOG. 

REG 

MULTI 

NB 

RANDOM 

FOREST 

< 50 1.00 0.92 0.94 1.00 1.00 

50–100 0.85 0.90 0.91 0.81 0.86 

100 – 150 0.58 0.88 0.88 0.54 0.79 

150 – 200 0.62 0.89 0.88 0.59 0.72 

200 – 250 0.78 0.87 0.88 0.71 0.73 

250 - 300 0.90 0.85 0.81 0.75 0.41 

 

 

 F1 Score 

LEN OF REV BER. 
NB 

LINEAR 
SVC 

LOG. 
REG 

MULTI 
NB 

RANDOM 
FOREST 

< 50 0.71 0.89 0.89 0.82 1.00 

50–100 0.88 0.90 0.90 0.87 0.87 

100 – 150 0.72 0.88 0.88 0.69 0.82 

150 – 200 0.74 0.87 0.86 0.72 0.76 

200 – 250 0.83 0.85 0.86 0.79 0.76 

250 - 300 0.85 0.85 0.83 0.79 0.56 

 

 

V. COMPARISON ANALYSIS OF FIVE ALGORITHMS: 

 

After discussing the results, the authors decided to compare all the three algorithms based on the three parameters, i.e., precision, 

accuracy and F1- score. These three parameters are compared with the help of bar graph in order to display a perfect comparison. 

The comparisons are shown below as: 

 

1. Accuracy: 

 

        The graph for accuracy is shown in the fig. 4.  
We can observe that for reviews under 50 words, Random Forest algorithm performs the best with 100% accuracy however as 

the number of words increases its accuracy declines. On the contrary, Linear SVC and Logistic Regression consistently 

perform well and gives accuracy in the range 85-90% for all the varying lengths of the reviews. As for Bernoulli’s Naïve 

Bayes and Multinomial Naïve Bayes the accuracy varies with the number of words in a group.  
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Fig.4 Categories versus Accuracy showing variationsof accuracy with respect to length of reviews in different algorithms 

 

F1- score  

The graph for accuracy is shown in the fig. 5. 

 F1 score is defined as the harmonic mean between precision and recall. It is used as a statistical measure to rate 

performance. In the above chart we can see that Linear SCV and Logistic Regression produce similar results for all the sets. 

Even though Random Forest performs extremely well in case of reviews with length less than 50 words, we can see a gradual 
decline as the length of the review increase. 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 
 
 

 
Fig.5 Categories versus F1 Score showing variations of accuracy with respect to length of reviews in different algorithms 
 

 

2. Precision 

The graph for accuracy is shown in the fig. 6. 

We can observe that Bernoulli’s Naïve Bayes has a very low precision for review with length less than 50 words. However, it 

performs the best overall for all the other groups. Logistic Regression and Linear SVC give similar precision for all the sets. 

As with other criterion, Random Forest performs the best for reviews having less than 50 words, but then its precision drops. 
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VI. CHALLENGES AND FUTURE SCOPE: 

The task of sentiment analysis is difficult due to the irregularity and complexity of language expressions. One of the biggest 

challenges of this task is brought about by hindered and negated expressions. These expressions contain a number of words that 

have a polarity which is opposite to the polarity of the expression itself. For example: ‘Rohan performed well. His earlier two 

movies were overdramatic and slow and their plot were awful. However, the special effects made this movie spectacular.’ In this 

statement, the number of negative words incorrectly implies that the statement is negative, when in reality it is actually positive and 

supportive. Although the model has been applied with excellent accuracy and precision rate, there are a few issues that need be 
taken into consideration for the work's future development.  

 

When employing the SVM (support vector machine) algorithm, the data set does not give accuracy [11]. Additionally, the data set 

employed here is entirely text-based and statistical. Numerous applications in the actual world have shown significant success for 

random forest. We are currently dealing with the issue of learning from text data while there is a class imbalance (Wu et al. [12]). 

These algorithms' application space can include various data sets with features based on images and audios. POS (Part-Of-Speech) 

text recognition and picture recognition for the images data set are currently available technologies for these problems. These 

would give this research a wide range of applications if they were used. The usage of text classification applications can 

significantly advance the current trend toward automation. 

  

VII. CONCLUSION: 

This paper is constructing a IMDB Movie Review text classification model based on machine learning algorithms. This paper 
proposes the Linear SVC, Bernoulli Naive Bayes, Logistic Regression, Multinomial Naïve Bayes and Random Forest algorithms, 

which describes every aspect of model in detail by providing the evaluation metrics. When machine learning algorithms are 

implemented on a particular data set, the most important parameter that matters is the accuracy. Hence, the result shows that 

Random Forest classifier attains the highest accuracy of 100% for the reviews with less than 50 words. However, it fails to work 

efficiently if the number of words in the reviews increases. Thus, the algorithms that emerged as the most stable classifier which 

provided consistent high accuracy are Linear SVC classifier and Logistic Regression Classifier with accuracy between 80-90% 

through different review lengths.  
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