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The rapid expansion of user-generated content on e-commerce platforms like Amazon has 

heightened the importance of sentiment analysis for understanding consumer behavior and 

guiding business strategies. Traditional methods of textual analysis have progressed from 

basic keyword matching to advanced machine learning models, yet existing systems often 

emphasize fine-tuning specific architectures rather than comparing diverse approaches for 

overall sentiment classification. This project presents the Systematic Algorithmic and 

Feature Representation Comparison (SAFReC) Framework, designed to evaluate multiple 

machine learning models for sentiment classification of Amazon product reviews. The 

framework integrates models such as Bi-LSTM, Cat Boost, XG Boost, and Light GBM with 

two feature representation techniques Count Vectorizer and TF-IDF Vectorizer to optimize 

text preprocessing and vectorization. Using the Amazon Product Reviews dataset, the 

framework systematically compares the models’ performance to identify the most effective 

approach for aspect-based sentiment analysis. The results provide actionable insights for 

businesses to better assess customer opinions and enhance product offerings. 

 

I. INTRODUCTION 

In today’s rapidly evolving digital marketplace, 

e-commerce platforms have transformed the way 

consumers purchase products and share their 

experiences. Customer reviews have become a powerful 

influence on purchasing decisions, brand perception, 

and competitive positioning. Platforms such as Amazon 

and Flipkart host millions of user-generated reviews that 

reflect customer satisfaction, complaints, suggestions, 

and overall product experiences. These reviews provide 

valuable insights for businesses seeking to improve 

product quality, enhance customer service, and 

strengthen brand loyalty. However, the massive volume 

of reviews generated daily makes manual analysis 
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inefficient, time-consuming, and impractical. As a result, 

automated sentiment analysis systems have become 

essential for extracting meaningful information from 

unstructured textual data. 

Sentiment analysis, a subfield of Artificial Intelligence 

(AI) and Natural Language Processing (NLP), focuses on 

identifying emotions, opinions, and attitudes expressed 

in textual content. Over the years, sentiment analysis 

techniques have evolved from simple keyword-based 

approaches to advanced machine learning and deep 

learning models capable of understanding contextual 

and nuanced expressions. Algorithms such as Bi-LSTM, 

Cat Boost, XG Boost, and Light GBM have demonstrated 

strong performance in text classification tasks. 

Additionally, feature representation techniques like 

Count Vectorizer and TF-IDF Vectorizer play a crucial 

role in converting textual reviews into numerical formats 

suitable for machine learning models. 

Despite significant advancements, many existing studies 

focus on optimizing or fine-tuning individual models 

rather than systematically comparing multiple machine 

learning paradigms and feature representation methods. 

There is a need for a comprehensive framework that 

evaluates diverse algorithms and identifies the most 

effective approach for sentiment classification in 

e-commerce reviews. To address this gap, the proposed 

project introduces the Systematic Algorithmic and 

Feature Representation Comparison (SAFReC) 

Framework. This framework integrates multiple 

machine learning models with different text 

vectorization techniques to assess their comparative 

performance on Amazon product reviews. 

By providing a structured evaluation of various 

algorithms and feature engineering methods, the 

SAFReC framework aims to deliver accurate sentiment 

classification and actionable business insights. The 

system not only detects positive and negative sentiments 

but also supports aspect-based analysis, enabling 

companies to understand specific product attributes 

influencing customer opinions. Ultimately, this research 

contributes to improved decision-making processes in 

e-commerce environments while advancing 

methodological understanding in sentiment analysis. 

2. LITERATURE SURVEY  

Sentiment analysis, particularly on e-commerce 

platforms like Amazon, has become a critical area of 

research due to the rapid growth of user-generated 

content in the form of product reviews. Over the years, 

sentiment analysis techniques have evolved from simple 

rule-based methods to more sophisticated machine 

learning models. The aim of this literature review is to 

explore key research papers that have contributed to the 

field of sentiment analysis, particularly in the context of 

Amazon product reviews, and to highlight the different 

approaches and challenges associated with them. 

Early studies in sentiment analysis were predominantly 

based on lexicon-based or rule-based approaches. For 

example, Turney (2002) introduced the use of semantic 

orientation to classify sentiment in text. Turney’s method 

used a set of predefined lists of positive and negative 

words and their respective frequencies to determine the 

sentiment of a sentence. While this approach was 

effective for simple sentiment classification, it struggled 

with handling complex language constructs like 

sarcasm, irony, and negations. Moreover, it required 

extensive manual effort to create and maintain word 

lists, limiting its scalability for large datasets like 

Amazon reviews. 

With the rise of machine learning, a shift toward 

supervised learning models for sentiment classification 

emerged. Pang et al. (2002) conducted seminal work on 

sentiment analysis by applying Naive Bayes, Support 

Vector Machines (SVM), and Maximum Entropy to 

classify movie reviews as positive or negative. This 

approach marked a significant improvement over 

lexicon-based methods, as it allowed models to learn 

from labeled data and capture more complex 

relationships between words and sentiment. However, 

these models had limitations in handling contextual 

information, and they struggled with ambiguities, such 

as distinguishing between positive sentiment in one 

context and negative sentiment in another. This 

challenge became more pronounced with product 

reviews, where the context and phrasing could vary 

significantly. 

3 SYSTEM ARCHITECTURE  

The system architecture of the SMART REVIEW 

ANALYSER is designed as a streamlined, end-to-end 

pipeline for sentiment analysis of Amazon product 

reviews. It begins with data collection, where reviews 

are gathered from datasets or APIs, followed by data 

preprocessing, which cleans and prepares the text 

through tokenization, stop word removal, stemming or 

lemmatization, and balancing class. The processed text is 
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then transformed into numerical representations using 

feature extraction techniques like Count Vectorizer and 

TF-IDF. These features are fed into multiple machine 

learning models—BiLSTM, CatBoost, XGBoost, and 

LightGBM—for training. Model performance is 

evaluated using metrics such as accuracy, precision, 

recall, and F1 score, and the best-performing model is 

selected for deployment. In the real-time sentiment 

analysis phase, new reviews are classified using this 

model. To ensure the system remains accurate and 

up-to-date, a retraining mechanism periodically 

incorporates new data into the model, forming a 

continuous cycle of learning and improvement. 

 
Fig1: System Architecture 

4.METHODOLOGY  

The proposed Smart Review Analyzer is developed 

using the Systematic Algorithmic and Feature 

Representation Comparison (SAFReC) Framework to 

evaluate multiple machine learning models and feature 

extraction techniques for sentiment classification of 

Amazon product reviews. The methodology consists of 

structured stages including data acquisition, 

preprocessing, feature engineering, model development, 

evaluation, and comparative analysis. 

i. Data Collection and Preparation 

The Amazon Product Reviews dataset is used as the 

primary data source. It contains review text, ratings, and 

sentiment labels. The dataset is first cleaned to remove 

duplicate entries and incomplete records. The data is 

then divided into training and testing sets using an 80:20 

split to ensure unbiased performance evaluation. 

ii. Text Preprocessing 

Preprocessing improves data quality and reduces noise. 

The steps include converting text to lowercase, removing 

punctuation, stop words, and special characters, 

followed by tokenization and lemmatization. This 

ensures consistent textual representation before 

vectorization. 

iii. Feature Representation 

To transform textual data into numerical form, two 

techniques are applied: 

(a) Term Frequency (TF): 𝑇𝐹(𝑡, 𝑑) = 𝑓(𝑡, 𝑑)∑ 𝑓(𝑘, 𝑑)𝑘  

 

Where 𝑓(𝑡, 𝑑)is the frequency of term t in document d. 

(b) TF-IDF Weighting: 𝑇𝐹𝐼𝐷𝐹(𝑡, 𝑑) = 𝑇𝐹(𝑡, 𝑑) × log⁡ ( 𝑁𝑑𝑓(𝑡)) 

 

Where N is the total number of documents and 𝑑𝑓(𝑡)is 

the document frequency of term t. 

Count Vectorizer and TF-IDF Vectorizer are 

implemented to compare representation effectiveness. 

iv. Model Development 

Multiple machine learning models are trained using both 

feature sets, including BiLSTM (deep learning), 

CatBoost, XGBoost, and LightGBM. For classification, 

the general prediction function is expressed as: 

(c)Classification Function: 𝑦̂ = 𝑓(𝑋; 𝜃) 

 

Where 𝑋represents feature vectors and 𝜃denotes learned 

model parameters. 

v. Model Evaluation and Comparison 

Models are evaluated using Accuracy, Precision, Recall, 

and F1-score. Cross-validation ensures robustness and 

prevents over fitting. Finally, the SAFReC framework 

systematically compares all model–feature combinations 

to identify the optimal configuration for sentiment 

classification. The best-performing model is selected for 

deployment, enabling businesses to extract actionable 

insights and enhance decision-making processes in 

e-commerce environments. 

5. DESIGN AND CONSTRUCTION 

The design of the Smart Review Analyzer is structured 

around a modular and scalable architecture that 

integrates data processing, machine learning, and 

visualization components. The system is designed to 

automatically collect, preprocess, analyze, and classify 

customer reviews from e-commerce platforms. It follows 
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a layered architecture consisting of a data input layer, 

preprocessing layer, feature extraction layer, model 

training and prediction layer, and a results visualization 

layer. This structured design ensures flexibility, easy 

integration with other platforms, and efficient handling 

of large volumes of review data. 

The construction phase begins with implementing the 

data preprocessing module, where raw textual reviews 

are cleaned and standardized. Next, feature 

representation techniques such as Count Vectorizer and 

TF-IDF Vectorizer are constructed to convert text into 

numerical vectors. These vectors are then fed into 

multiple machine learning models including BiLSTM, 

CatBoost, XGBoost, and LightGBM. The SAFReC 

framework is integrated to systematically compare 

algorithmic performance. Finally, a user-friendly 

dashboard is developed to display sentiment 

classifications, graphical summaries, and key insights. 

The system is built to support scalability, real-time 

analysis, and future expansion with advanced deep 

learning or transformer-based models for enhanced 

sentiment prediction accuracy. 

6.RESULTS AND DISCUSSION 

The SMART REVIEW ANALYSER demonstrates effective 

performance in classifying Amazon product reviews into 

positive, negative, and neutral sentiments using multiple 

machine learning and deep learning models. 

Experimental results show that all evaluated models 

Bi-LSTM, Cat Boost, XG Boost, and Light GBM 

successfully perform sentiment classification, with 

varying levels of accuracy and efficiency. Among them, 

Bi-LSTM achieves the best performance due to its ability 

to capture contextual relationships and long-range 

dependencies in textual data. 

 

Fig 2: Amazon Reviews Dataset 

The dataset used for training is presented in Figure 2, 

which contains a large collection of customer reviews. 

Proper preprocessing and feature extraction techniques 

such as TF-IDF and Count Vectorizer are applied to 

convert text into meaningful numerical representations. 

The results indicate that TF-IDF slightly outperforms 

Count Vectorizer in capturing word importance and 

improving classification accuracy. 

The model development and hybrid approach where a 

combination of ALBERT and Bi-LSTM is used to enhance 

contextual understanding. This hybrid model improves 

sentiment detection by leveraging both 

transformer-based embedding’s and sequential learning 

capabilities. 

 

Fig 3: Model Comparison Graph 

The performance comparison is illustrated in Figure 3, 

where Bi-LSTM achieves the highest accuracy, while 

Light GBM and XG Boost demonstrate faster execution 

and efficiency on large datasets. Cat Boost also provides 

competitive performance with balanced results. 

 

Fig 4: Sentiment Analysis Output 

The final prediction output is depicted in Figure 4 where 

customer reviews are classified into positive, negative, or 

neutral categories. This enables businesses to quickly 

analyze customer feedback and gain insights into 

product performance. 

Overall, the system achieves high accuracy and efficiency 

in sentiment classification. The combination of advanced 

preprocessing, TF-IDF feature extraction, and hybrid 

deep learning models significantly enhances 

performance. These results confirm that the Smart 

Review Analyser is a reliable and scalable solution for 

real-time sentiment analysis, helping e-commerce 

platforms improves decision-making and customer 

satisfaction. 
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7. CONCLUSION 

The sentiment analysis system developed for Amazon 

product reviews leverages multiple machine learning 

models such as Bi-LSTM, Cat Boost, XG Boost, and Light 

GBM to efficiently classify reviews into positive, 

negative, or neutral categories. The system employs 

various preprocessing techniques to clean and transform 

the raw data, followed by feature extraction using Count 

Vectorizer and TF-IDF. After training and evaluating 

these models, the best-performing one is selected for 

real-time sentiment analysis. This allows businesses to 

gain actionable insights into customer feedback, helping 

them improve their products and services. The system’s 

accuracy, scalability, and real-time capabilities make it a 

powerful tool for sentiment analysis of large-scale, 

unstructured text data. 

FUTURE SCOPE 

➢ Multilingual Support: Extend the system to analyze 

reviews in multiple languages, making it more 

adaptable to global e-commerce platforms. 

Aspect-Based Sentiment Analysis: Implement 

aspect-based sentiment analysis to identify and analyze 

sentiments regarding specific product features, 

providing more detailed insights. 
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