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ARTICLE INFO ABSTRACT

This research applies sentiment analysis techniques to classify movie reviews from
IMDB as positive or negative. The research involved analyzing sentiment analysis
papers, studying classification algorithms, and collecting IMDB movie review data.
The study utilizes or implements machine learning models like KNN, SVM,
Logistic Regression, and Random Forest on preprocessed movie review text. Key
steps include feature extraction, sentiment expression examination, feature
ranking, and training a multilevel classifier. By leveraging these methods, the
approach achieves great accuracy in correctly classifying the sentiment polarity of
IMDB movie reviews, demonstrating its effectiveness for this opinion-mining task
on review data.

Keywords: Sentiment analysis, Movie reviews, KNN, SVM, Logistic Regression,
Tf-idf ,n-gram, Random Forest.

Introduction:

The rise of social media and online platforms has led to a massive collection of user-generated opinionated text
data, including movie reviews. Sentiment analysis is the computational study of identifying emotions and
polarities in text and enables us to extract valuable information from data. In, the movie industry, sentiment
analysis of user reviews can provide insights into audience reactions, predict box office performance, and
inform marketing strategies. This research aims to develop and evaluate robust sentiment analysis models
tailored for movie review data. Using the techniques of Natural Language Processing and algorithms of
machine learning, we examine different approaches for text data preprocessing, relevant feature identification,
and accurate sentiment categorization of reviews. We aim to achieve high classification accuracy levels,
determine the key factor affecting model performance, and provide insights into the advantages and
limitations of various techniques when applied to the domain of movie review sentiment analysis.

Sentiment analysis involves three key phases:

Data Preprocessing: Cleaning raw text data to remove noise and inconsistencies.

Feature Extraction: Identifying and numerically representing sentiment-bearing words or phrases.
Classification: Using machine learning algorithms to categorize text into sentiment classes (positive,
negative, neutral) based on extracted features.

Literature Review : Sentimental Analysis using Machine Learning approaches offer classification solutions
through training data and model-based classification using Naive Bayes for unrevealed data.
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Naive Bayes uses data from different social media platforms like YouTube, Twitter, and Facebook to calculate
accuracy, recall, and precision.
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Manu Kumar and Manju Bala in 2016 [2] their study suggests that analyzing large amounts of unstructured
data from social media platforms like YouTube, Twitter, and Facebook is challenging. To address this, they
utilized cloud services and Hadoop for intelligent data analysis, specifically focusing on Twitter sentiment
analysis.

The study uses Naive Bayes classifier for sentiment analysis on Big Data using Hadoop, dividing problems into
Training, combining and classifying jobs. The results are compared to a virtual Hadoop cluster constructed on
the cloud, albeit with a weaker cloud.

Joscha et. al, in their paper [1] compared Bag of words models and n-grams techniques for improving
sentiment analysis performance by considering semantic associations between sentences and document parts
and highlighting their limitations.

Minhoe Hur et al. in 2016 [3] in their paper proposed a system to predict box-office collection using movie
reviews, using viewer opinions as input and machine learning algorithms like ANN (Artificial Neural Network),
Regression, and SVM (Support Vector Machine) to establish a non-linear relationship between the box office
and its collection predictors.

Ahmad Kamal in his paper [4] developed an opinion-mining framework using supervised machine learning
for objectivity and subjectivity analysis, feature extraction, and review summarization.

Humera Shaziya et al. in their paper [5] used WEKA Tool to analyze the movie reviews for sentiment analysis,
enhancing previous work on categorizing opinions. They considered multiple-person reviews and found that
Naive Bayes performed better than Support Vector Machine (SVM) for movie reviews and text.

Pang & Lee work [6] work is a standard in sentimental analysis of movie reviews, focusing on overall sentiment
rather than topic. They suggest that traditional machine learning methods provide better outcomes than
human-created baselines. However, their three machine learning techniques (Naive Bayes, Maximum entropy
Classification, and Support vector machines) do not offer as effective sentiment grouping outcomes as
traditional classifier-based classification.

Machine Learning Methods:
1. Term Frequency — Inverse Document Frequency (TFIDF):

It is a vectorization technique based on Bag of Words (BoW). It is more efficient than the BoW model because
it takes into account the importance of each word in the document.
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2. N-gram model:

N-grams in Natural Language Processing (NLP) is a sequence of n words extracted from text for analysis,
storing information about the content and relationships between words, and can be as short as one word
(unigram) or 2 words (bigram) or 3 words (trigram), etc.

The N-gram model is a probabilistic language for N-1 words that predicts the most frequently used words in a
sequence and can be used in speech recognition and machine translation.(Fig-6, Fig-7, Fig-8).

We used Bag of Word (BoW) for this model. It is a statistical language model that analyzes text and information
by word count, regardless of the word order.

3. Random Forest:

Random Forest is an ensemble learning method that employs multiple decision trees to make predictions. It
falls under supervised learning domain and can be used both in classification and regression problems. Instead
of relying on a single decision tree, it makes predictions from each tree and predicts the final outcome based
on the maximum number of votes predicted. The more trees in the forest, the more they are given, and the
problem of overfitting is prevented.
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4. Logistic Regression:
Logistic regression is a method used to create training models that describe data and relationships between
one variable and another, or multiple variables.
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5. K-Nearest Neighbour:

K-NN finds the K points closest to the new point and predicts the label or value based on the labels or values
of the K people nearby. It usually uses the Euclidean distance to calculate the distance, and the distribution or
average (regression) returns the labels from the neighbors K.

6. Support Vector Machine (SVM):

It is a supervised machine learning algorithm for classification and regression. It works by finding the best
hyperplane that separates data points into different groups. This hyperplane is created in a high-dimensional
space to distinguish between groups. By determining support vectors (data points closest to the plane), SVM
performs a classification or reclassification function to show the separation of classes.
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Methodology :

We have used a dataset that has 40k movie reviews from IMDB that have been labeled with a positive (1) or
negative (0) label. First, we have reduced the dataset to 10 percent, keeping 50 percent for the training set and
25 percent for the validation and test sets.

The accuracy of a system is measured by its recognition accuracy as a percentage of test text input to trained
emotional text data.

The precision rate represents the proportion of emotions accurately identified within a particular class, relative
to the total number of emotions classified across all classes.

Recall measures the accuracy of a machine learning model in identifying true positives from all actual positive
samples in a dataset.

The F-measure represents a combined metric that weighs both the precision rate and the recall rate, providing
an assessment of the system's overall performance by factoring in correct identifications while disregarding
incorrect recognition instances.
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Pre-processing:
We have created a function that is pre-processing and cleaning the data using lemmatization.

Lemmatization

This function clean, preprocesses text data for natural language processing tasks using the NLTK library. The
clean function It initializes the WordNet lemmatizer, tokenizes sentences, removes capital letters, removes
stopwords, removes non-alphanumeric characters, and lemmatizes the tokens. (Fig-4).

After cleaning, we created lists for positive and negative words, and then we visualized the most common ones
with WordClouds(Fig-5).

TF-IDF

After we explored the data, we used TfidfVectorizer to turn our data into a matrix for analysis. The text uses
the term frequency and inverse document frequency (TF-IDF) techniques to convert text into numerical
representations. This technique assigns higher weights to frequent and rare terms, capturing the
discriminative power of words and identifying key features.

It reduces the influence of non-informative words, improving the accuracy and effectiveness of tasks like
document classification, information retrieval, and text clustering.

The model is trained using random forest, KNN, SVM, and logistic regression and evaluated using cross-
validation scores.

Random Forest Classifier

It is used to construct a model for classification tasks.For assessing the model’s effectiveness, cross-validation
methodologies are employed. The model exhibiting the best performance metrics is selected as the optimal
choice. This selection is done by using estimators.

Then GridSeachCV is leveraged for hyperparameter tuning of the RandomForestClassifier. This systematic
approach finds the best hyperparameter.

Logistic Regression

Evaluating a logistic regression model’s performance on test data typically involves calculating the accuracy
score and generating a confusion matrix. The accuracy score gives an overall measure of the model’s
performance.

The confusion matrix provides more detailed insights by displaying the breakdown of true positives, false
positives, true negatives, and false negatives. Analyzing the confusion matrix allows us to find specific types of
errors the model is making.

K-Nearest Neighbour

After training the K-Nearest Neighbors (KNN) classifier on the given dataset, its performance is evaluated. A
confusion matrix is generated to visually compare the model’s predicted labels against truth values, enabling
the identification of specific misclassification patterns.

Additionally, a classification report is generated which quantifies metrics like precision, recall, and F1 score of
each class enabling a better understanding of the classifier's efficiency in handling different categories of data.
By generating both these reports, we can get comprehensive insights into the KNN model’s predictive
capabilities and strengths.

Support Vector Machine

Comparing the performance of SVM models with and without scaling, we uncover how preprocessing
techniques like feature scaling can influence the classification accuracy and robustness of the model.
Leveraging classification matrix and visualizations, we are carefully examining the effects of scaling, which
offers a deeper understanding of its effectiveness in enhancing SVM performance across diverse classification
tasks.

Results:

Exploratory data analysis:

Pre-processing

We reduced the data set to 4000 and then we kept 2000 for the training set and 1000 for both the validation
set and the test set each.

The train_test_split function is a tool in Scikit-Learn that splits the dataset into a training subset and a testing
subset.

The test_size parameter is used to determine the proportion of the original dataset to be included in the test
split.
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Fig-2: Distribution of positive and negative reviews

After train_test_split:
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Fig-1: Original Dataset

Distribution of reviews per sentiment

. Positive
. Negative

Below is the splitted data that we will use for the main analysis part.

Lemmatization:

Data distribution:
- Train: 2000

- Validation: 10090
- Test: 1000

Fig-3: Data for evaluating the models

The NLTK library was used to preprocess text data for natural language processing tasks, including initializing

the WordNet.

After tagging the sentences, removing capital letters, removing words, and non-alphanumeric characters, and
lemmatizing the tags, we can see the finished text below.
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) grew b watching loving thunderbird mate school...
i put movie dvd player sat coke chip expectation...
2 people know particular time past llke feel nee...
3 even though great interest biblical movie bore..,
4 im die hard dad army fan nothing ever change g...
293 oh bad funny way one could explain something 1...
0905 could believe terrible movie actually made wor...
997 even though slightly older recommen

943 reading web site batte davis one f
99 regret seen since rating indb relatively high
Name: clean_text, Length: 10€0, dtype: object

Fig-4: After Lemmatization

Then we created two different WordClouds for positive and negative reviews.
We visualized the most common words using WordCloud.

Maat common PESAve Worde

Mast (omETIE regative worh

Fig-5: WordCloud for positive and negative words.

The n-gram model has been implemented to predict the most frequently occurring words in positive and
negative reviews following specific sequences.

We used Bag of Word (BoW) for this. It is a statistical language model that analyzes text and information by
word count, regardless of the word order. It can be used as a Python dictionary, where each key represents a
word and the numerical occurrence of the value.

Fig-6: Unigram analysis for positive and negative reviews.
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Fig-7: Bigram analysis for positive and negative reviews.

[

Fig-8: Trigram analysis for positive and negative reviews.

Random Forest:

We did hyperparameter tuning using GridSearchCV. We evaluated different trees using different estimators
and then choosing the best one.

We got the accuracy as: 0.83, precision as: 0.83, recall as: 0.83, and F1-score as: 0.83.
Now we can analyze the most important words to predict the correct results.
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Logistic Regression :

precision recall fl-score support

3] 9.85 0.8 8.84 528

1 8.82 @.85 0.84 480

accuracy 0.84 1000
macro avg 9.84 0.84 0.84 1000
weighted avg 0.84 @.84 0.84 1890

We got the accuracy as: 0.84, precision as: 0.84, recall as: 0.84, and F1-score as: 0.84.

KNN:
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We got the accuracy as: 0.73, precision as: 0.74, recall as: 0.72, and F1-score as: 0.72.

SVM

On unscaled data:

On scaled data:

We got the accuracy as: 0.84, precision as: 0.84, recall as: 0.84, and F1-score as: 0.84.
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Now, we do a comparative analysis of these measuring metrics with the different models evaluated above and
analyse which model performs best for all these metrics.

Algorithm Accuracy Precision Recall F1i-score

Random 0.83 0.83 0.83 0.83
Forest with
estimator 100

Random 0.68 0.68 0.67 0.68
Forest  with
estimator 5

Multinomial 0.84 0.84 0.84 0.84
Logistic

Regression

KNN 0.73 0.74 0.72 0.72
SVM 0.84 0.84 0.84 0.84

Table 1: Classification report.
Conclusion:

In this research, various techniques were used to classify the movie reviews from IMDB as positive or negative.
The algorithms performed were machine KNN, SVM, Logistic Regression, Tf-idf, and Random Forest on
preprocessed movie review text. Both SVM and logistic regression yielded identical and optimal outcomes in
the experiment (score is-0.84). The precision of SVM and logistic regression is also equal to 0.84. These two
models performed equally well on this dataset. And KNN performed the least.

To enhance the accuracy, it is necessary to evaluate additional algorithms besides the set examined, such as
ANN, LSTM, BERT, or develop hybrid methodologies that combine multiple approaches. We can also use
sentiment analysis on images by using Deep learning, VGGImageNet , ResNet-50 architecture. Analyzing the
sentiment of the review can offer valuable insights in a variety of fields. Intelligent systems can be developed
that can provide users with comprehensive reviews on their own without requiring the user to go through
individual reviews.
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