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ABSTRACT

Establishing trust is vital for sustainable success in a constantly changing e-commerce
marketplace, particularly in locations such as Bangladesh where trust among customers is
usually lacking. This research study focuses on assessing the sentiment of customer reviews in
Bangladesh's e-commerce industry. It employs several Machine Learning approaches, with a
primary emphasis on Natural Language Processing (NLP). The major purpose is to evaluate
patterns and sentiments in Bengali review in order to give organizations with insights into
customer preferences and enhance the quality of their offerings, ultimately establishing trust.
This study investigates the usefulness of Natural Language Processing in managing a substantial
number of Bengali e-commerce reviews, while taking into consideration particular linguistic and
contextual distinctive characteristics. The study attempts to acquire key insights from consumer
opinions in order to better products and services, enhance customer happiness, and achieve an
advantage over others in the e-commerce industry of our country. Also, the anticipated outputs of
the sentiment analysis could serve to boost the accomplishment and progress of Bangladesh's e-
commerce business by overcoming potential barriers associated to data-driven initiatives that
depend mostly on feedback from users. The study methodology is made up acquiring data from
Kaggle and successfully preparing the text employing natural language processing techniques.
To increase the statistical results of the models, the Decision Tree Classifier, K-nearest Neighbor
approach, Random Forest Classifier, Logistic Regression, and Naive Bayes Classifier methods
use unigram, bigram, and trigram data. The study produced an accuracy rate of 80.59% by

applying the Logistic Regression algorithm by incorporating the trigram feature.
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CHAPTER 1
INTRODUCTION

1.1 Introduction

In the twenty-first century, technology has been firmly incorporated in people's everyday
lifestyle, with online shopping appearing as a significant feature of them revolution in
technological aspect. In our country's perspective, the rapidly expanding e-commerce
industry is experiencing a spike in customer interest, suggesting a radical shift in buying
patterns. Despite this growth, maintaining confidence in the e-commerce field remains a
critical problem for Bangladesh. Instances of fraud and unethical behavior by certain e-
commerce firms have greatly affected customer confidence, causing to considerable

financial losses [1].

Major e-commerce platforms such as Chaldal, Daraz, Pickaboo, and others which are
currently dominate the Bangladeshi e-commerce industry [2]. However, many Bangladeshi
e-commerce enterprises typically underestimate the necessary role that consumer feedback
plays in improving and refining corporate operations. Neglecting the potential impact of the
ecommerce customer reviews on client satisfaction and business growth limits the industry's
growth prospects [26]. Bangladesh has already suffered fraud difficulties from well-known
e-commerce enterprises as Evaly, E-orange, Qcoom, and Dalal Plus, among others [3]. To
overcome these issues, e-commerce enterprises must need to focus issues like product
quality, competitive price, brand marketing, social awareness, rapid customer service, and
responsiveness to client wants and their choice. Building a solid relationship with customers
through smooth service and high-quality items is vital for e-commerce success, as it drives

repeat purchases.

The research study endeavors to navigate these challenges by analyzing and understanding
customer evaluations in the Bangladeshi e-commerce business using contemporary Machine
Learning techniques, particularly Natural Language Processing. The purpose is not only for
research and current stage and attitudes indicated in Bengali ecommerce reviews but also to
give significant data that can benefit businesses in understanding what customers want and

generate improvements to how services are provided.
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PROJECTED E-COMMERCE
MARKET GROWTH IN
UPCOMING YEARS

CAGR 12.30% DURING 2022-26
Figuresin crore taka

CAGR: Compound
Annual Growth Rate

2021 2022 2026

Figure 1.1.1: Seles Prediction of Bangladesh e-commerce by 2026 [4].

The figure above depicts the expected diversification of the Bangladeshi e-commerce
business in the next years. This research is aimed at closing the gap between customer
want and the merchandise given by online shops by employing user feedback evaluations.
By doing so, it wants to accelerate the development of the manufacturing sector in our
country's perspective. Essentially, the continued prosperity of the online shopping industry
in the country relies on a consistent commitment to deliver outstanding products and
services, connecting with clients swiftly, effectively and employing Machine Learning

techniques to get a proper understanding of customer behaviors.
1.2 Motivation

The concept for this research comes up from the critical necessity to overcome the
significant challenges facing Bangladesh's e-commerce business. The increasing enthusiasm
of Bangladeshi consumers in online shopping has developed a promising yet potentially
hazardous environment, strengthened by frequent issues such as lack of trust, fraudulent
company operations, and the lack of effective customer-centric efforts all over the industry.
Understanding that client trust is vital for the long-term success of e-commerce, this research

endeavor was begun to analyze these problems in depth. The sector has suffered tremendous
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financial failures and hampered progress due to increasing cases of fraud and lack of respect
for client feedback. Thus, the deep grasp of customer perceives is vital as the business

community grapples with these kinds of problems.

To solve these difficulties, this research provides a unique methodology for analyzing and
evaluating customer feedback within the main domain, applying algorithms for machine
learning such as NLP. The primary objective is to harness the strength of data-driven
insights from Bengali customer feedback to empower and lead e-commerce businesses. By
identifying the opportunities embedded in client feedback, organizations can adapt their
strategies in order to improve service quality, develop trust, and build a more consumer-
friendly e-commerce atmosphere. This research is driven by the possible ability of emerging
technologies for reducing the gap among consumer needs and the actual situation of e-
commerce in our country. The purpose underpinning this study is to effect positive change
inside the industry, with targeted objectives include greater trust, greater satisfaction among
consumers, and the advancement of sustainable growth for Bangladesh's online shopping
sector. This research aspires not only to considerably enhance the country's e-commerce

sector but also to deliver beneficial insights towards the larger research community.
1.3 Research Objective

This research study leverages modern Machine Learning methodologies in order to carefully
address the challenges impacting the e-commerce industry in our country's perspective. The
main objective is to employ sentiment analysis of Bengali customer reviews to extract
practical knowledge that might encourage constructive changes within the commerce

environment. The specific objectives of this research project are as follows:

Bengali Customer Reviews Sentiment Analysis: The present research investigates the
most common opinions of Bengali customers when evaluating Bangladeshi e-commerce
sites. The research aims to assess the various emotional complexities involved in the
communication of concepts, offering both customers and businesses an in-depth

comprehension of how this sentiment influence consumer decision-making of buying.

Effectiveness of NLP: This research study examines the proficiency of Natural Language

Processing (NLP) methods in analyzing significant quantities of Bengali e-commerce
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customer reviews. This study focuses on resolving challenges arising from contextual and
linguistic anomalies in the Bengali language. The objective is to increase the reliability of
sentiment analysis consequences, enabling a more precise comprehension of consumer

opinions in the context of e-commerce of our country.

Influence of Customer Reviews: It examines the influence of customer feedback on
trustworthiness within the e-commerce business in Bangladesh. Its objective is to discover
approaches to mitigate the impact of negative feedback and enhance confidence among

consumers.

Strategic Insights: The primary intent of this research is to boost overall customer pleasure
and quality of service by producing vital insights from the opinions of customers. By
employing data-driven strategies, businesses in Bangladesh's online market can earn an edge
over their competition. The research also examines the impact of sentiment analysis
conclusions on industry development, identifying weaknesses and suggesting fixes. In
addition, it examines the importance of language differences and proposes refinements to
machine learning algorithms for accurate sentiment categorization in Bengali e-commerce

customer’s feedback.
1.4 Research Questions
My research study aims to address the bellow pivotal questions:

v What types of Bangla reviews dominant the Bangladeshi e-commerce business, and how
do they impact consumer buying decisions?

v' Are NLP approaches efficiently analyzing a wide number of Bengali e-commerce
reviews, incorporating linguistic nuances and ecological variations?

v" How does buyer feedback effect trust and authenticity in Bangladesh's e-commerce the
marketplace?

v" What practical insights can Bangladeshi e-commerce enterprises extract from user
feedback to improve merchandise?

v" How could sentiment analysis improve Bangladesh's e-commerce development of cells

and what hurdles can buyer feedback efforts confront?
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1.5 Report Layout

The first chapter describes the research endeavor, addressing motivation, aims, questions,
plan, and expected outcomes. The second chapter dives into the background research and
investigation on e-commerce sentiment, evaluates prior investigations, discusses the issue's
background, and discusses research barriers. The third chapter includes the research
technique, gathering information methodologies, analysis of statistical information,
numerous approaches, and feature implementations associated with this study. In Chapter
Four, I have discussed the experiment evaluations, associated terms, and the graphical and
statistical results of the research study, explaining the effects of employing machine learning
strategies. The fifth chapter analyzes the study's societal ramifications and ecological
consequences, underlining its importance and everlasting significance in the industry. In the
Final Chapter, I summarized the entire research, suggested potential implementation of the

research, and acknowledged the study's limitations.
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CHAPTER 2
BACKGROUND STUDY

2.1 Introduction

This thesis presents a detailed evaluation of distinctive research approaches dealing with
crucial difficulties in Bangladesh's flourishing e-commerce industry. It integrates modern
capabilities like Natural Language Processing for sentiment analysis to boost understanding
and confidence among customers. This introduction illustrates the practical value of the
chosen approaches, particularly the employment of Logistic Regression, Decision Tree
Classifier, Naive Bayes, KNN, and Random Forest Classifier models, adjusted with
unigram, bigram, and trigram feature. NLP takes a vital role in this investigation by
providing superior data preparation and sentiment analysis from Bengali customer

evaluations, aligning with the study's key objectives.

The Number of Reviews Consumers Read / TRUELIST
Before Buying Something

40%

30% -

14.6%
’IOO/\‘ - 8.7% 9.]%
0 Betweenland 3 Between 4 and 6 Between 7 and 9 More than 10

Figure 2.1.1: Buying Decision Based on Number of Review Reading [5].

Over 90% of worldwide consumers review reviews while purchasing things. Machine

learning algorithms excel in text categorization, and analyzing feedback from consumers.
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These ideas leverage Natural Language Processing for scalability, consistency, and
objectivity, boosting e-commerce services and cultivating growth in our country's growing

industry.
2.2 Literature Review

Shafin et al. [6] performed a research on Sentiment Analysis on Product
Review by implementing the NLP approach employing Bangla ecommerce review dataset.
They utilized different machine learning algorithms such Support Vector Machine, Decision
Tree, Random Forest, K-Nearest Neighbors, and Logistic Regression to analyze feedback
from site users during the COVID situation. The SVM model achieved an outstanding

accuracy rate of 88.81%, overcoming other mentioned approaches.

Munna et al. [7] researched on sentiment analysis with evaluations of products
categorization in online shopping business, particularly from a Bengali language
perspective, using Natural Language Processing and Deep Neural Networks techniques.
They accomplished 84% accuracy for the sentiment analysis category and 69% for
the review classification, demonstrating the promise of advanced predictive machine
learning algorithms in comprehending and categorizing feedback from customers in regional

languages like Bengali.

Hossain et al. [8] did a study on sentiment analysis utilizing three language categories:
English, Bangla, and Romanized Bangla. They employed 6 different machine learning
approaches and grouped the data set into five sentiment categorizations The Bengali dataset
had the best accuracy using the SVM classification algorithm, while the Romanized Bangla
and English datasets showed the highest accuracy using the Random Forest classifier. The
study demonstrates the efficiency of different classifiers and the refined performance of

machine learning approaches in sentiment evaluation.

Zulfiker et al. [9] performed an investigation on sentiment analysis in the Bangladeshi online
shopping industry utilizing six diverse techniques of machine learning: Random Forest,
Logistic Regression, Stochastic Gradient Descent, Decision Tree, Multinomial Naive Bayes,

and Support Vector Machine. They have gathered dataset from prominent platforms and
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employed various feature selection and optimization methodologies. The Support Vector

Machine approach produced the highest rate of 90.68% accuracy.

Hossain et al. [10] suggested a machine-learning methodology to identify differences in
opinion positive and negative in Bengali book reviews. They generated a dataset of 2000
reviews from textbook varied sources such as Facebook, online buying platforms, and blog
sites. In the course of their study, they applied numerous approaches, including Logistic
Regression, Support Vector Machine, Naive Bayes, and Stochastic Gradient Descent. Their
findings suggested that the Multinomial Naive Bayes (MNB) approach had the maximum

accuracy, with an achievement rate of 84%.

Soumik et al. [11] established a model for sentiment analysis by leveraging machine
learning for sorting reviews of Bengali users Google Play Store into 3 unique categories.
They acquired a substantial dataset encompassing 10,000 bangla reviews from various
applications such as Uber, Daraz, and Bkash. Afterwards, they applied many machines
learning methods, including SVM, Logistic Regression, and Naive Bayes, and Gradient
Boosting. Among these instances, the gradient boosting approach achieved the highest

accuracy, with a rate of 76.95%.

Rumman et al. [12] introduced a new machine learning model for analyzing sentiments
communicated in Bengali film reviews. The dataset employed for this investigation was
thoroughly assembled and classified from a range of social media comments, as well as
publicly accessible postings and reviews. This model displayed outstanding efficacy, on the
test set itobtained an excellent accuracy level of 88.90% with the SVM algorithm.
Additionally, this model attained a significant accuracy of 82.42% by leveraging
the LSTM network as well.

Khan et al. [13] Constructed a machine learning framework for processing and interpreting
review data utilizing Support Vector Machine (SVM), Decision Tree algorithms, Naive
Bayes. The algorithm efficiently classified feedback from consumers, with an excellent
accuracy rate of 90.3% achieved with an airline dataset. This model proved beneficial for
academics and consumers in the industry, with results outperforming the performance of

other algorithms used during the research study.
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2.3 Scope of the Problem

The principal focus of this research analyzes the substantial challenges inside Bangladesh's
very quickly developing online shopping sector, underlining the requirement for new
solutions to ensure long-term development. This research investigates sentiment influence
on e-commerce firms, focusing on Bengali customer reviews. It generates important
insights, enhances services, and contributes to Bangladesh's dynamic e-commerce business
development. The information above illustrates that over 90% of consumers globally study
and assess reviews before buying any kind of product. The chosen machine learning models
perform in the categorization of texts, which is crucial for evaluating customer feedback.
These approaches make use of the power of natural language processing to analyze
significant Bengali reviews, enabling scalability, consistency, and objectivity. They offer a
comprehensive framework for obtaining essential information, developing e-commerce

services, and encouraging continuous growth in Bangladesh's strong e-commerce industry.
2.3 Challenges

During the research study employing Bengali review datasets collected online platform and
processed using different machine learning approaches, many significant difficulties

occurred that demanded emphasis:

Language Diversity in Bengali Customer Reviews: Bengali reviews have numerous
language variations, including vocabulary, dialects, and writing techniques, considerably
impact sentiment analysis productivity, necessitating powerful algorithms for successful

addressing.

Data Quality and Diversity: The accurateness of machine learning models in Bengali e-
commerce evaluations is impacted by the parameter availability and quality of datasets,

which might be challenging to obtain.

Effective Feature Selection: Identifying key features, particularly in unigram, bigram, and
trigram qualities, is crucial to improving the machine learning accuracy of models and

reducing dimension barriers.
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Selection and Optimization: Optimizing all machine learning methods for maximum
efficacy is a hard task, especially when confronted with vast amounts of Bengali e-

commerce review data.

Imbalanced Dataset: Machine learning models based on excessively positive and
negative reviews can lead to biased training, requiring approaches like oversampling and

under sampling to ensure perfectly balanced datasets.

©Daffodil International University
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 Introduction

Data analysis techniques include the procedures of acquiring, cleaning, and analyzing data
using specialized software tools to obtain trustworthy information depending on unique data
demands. In my research study, I intend to use text-to-text sentiment analysis methods to
evaluate internet reviews, intending to get deeper insights into client attitudes and increase
the entire customer experience. To generate dependable and ideal outcomes, 1 will utilize
several machine learning approaches and characteristics. The research will contain multiple

machine learning methods to boost accuracy for every utilized machine learning models.

3.2 Proposed Methodology

Literature Review and -
Data Pre-processi
Background Study +J Data Cleaning

Processed Data

Applying Machine
Leaming Techniques

Main Process

—
Sub Process -
q

Workflow

Decision Making

Figure 3.1.1: Proposed diagram of the research method.

11
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3.3 Dataset Description

In this research work, the dataset employed for sentiment analysis of e-commerce reviews in
our country's perspective was collected from the popular online source called Kaggle, a
well-known platform for datasets. This dataset provides an immense number of e-
commerce user reviews connected to various items and services offered on online shopping
sites. The data collection procedure involves carefully scraping and curation to achieve a
balanced representation of both positive and negative sentiments reviews. The dataset is
structured into two primary columns: "Reviews" and "Category". The "Reviews" column
provides the textual content of consumer reviews, expressing their opinions and experiences
with e-commerce, comprising a total of 1205 entries. At the same time the "Category"
column offers an understanding of data for machine learning algorithms by classifying all
feedback into one of two categories: Positive or Negative. Which shows the overall attitude

defined in each Bengali e-commerce review.
3.4 Data Pre-processing

During this study, Ihave prepared an e-commerce review dataset through Kaggle for
machine learning study findings, that include text tokenization, cleaning, and vectorization.
These precise plans boosts the dataset's compliance with the models, facilitating effective
analysis of user sentiment. The cleaned and structured data serves as the starting point for

training of the chosen machine learning strategies.
3.4.1 Data Handling

This is one of very first stage of data preprocessing involves deleting null entity from the
acquired dataset. I have extensively analyzed the dataset for discovering any missing,
absent, or incorrect values. During this cleaning process, I identified several columns having
null entries and inaccurate data. Additionally, I filtered out brief reviews consisting of a

single word, as they gave no meaningful information.
3.4.2 Data Balancing

This section shows the distribution of data classes within the dataset utilized for this

research. Ensuring data equilibrium is vital to accomplishing reliable outcomes. As indicated

©Daffodil International University
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before, the Bangla feedback obtained from the e-commerce business site has been divided
into two distinct classes: positive and negative. Out of a total of 1205 Bangla reviews,
machine learning characteristics recognized and eliminated 24 short reviews, keeping a total

of 1181 reviews. The distribution of these 1181 reviews is as follows:

Dataset Distribution

Positive

0 100 200 300 400 500
Number of Reviews after cleaning the data

Number of class

600

Figure 3.4.1: Review dataset class distribution.

The diagram above depicts the dataset's review classifications in the number of entity
format. It is evident that both reviews are almost equal which reflects the perfect distribution

resulting the best outcome from machine learning models.
3.4.3 Text Pre-processing

During that essential part of the research, the e-commerce review dataset collected from
Kaggle receives comprehensive preprocessing in order to prepare it for machine learning
analysis. Various necessary procedures are performed to make sure that the review dataset is
clean and appropriate for use with machine learning models. In the beginning, text cleaning

is conducted to erase unnecessary letters and done by utilizing stopwords.

Original Review:

G (OESTE w6 | SEESEEE, WS O 2

Cleanad Review:

(SeTel 2 SRS YY)

User Satisfaction:---» ( Positive )

Original Review:

BT AT Ay

Cleanad Review:
HhSIE Ty
User Satisfaction:---» ( Negative )

Figure 3.4.2: Data pre-processing examples.
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The figure above depicts the text pre-processing applied to all two forms of review data.
Initially, the dataset undergoes tokenization, a process that breaks down phrases into
individual words. Following tokenization, the text is vectorized, translating the words into
numerical vectors. These important processes increase the dataset's effectiveness, rendering
it ideal for sentiment analysis. The modified the data set, now clean and well-structured,

which will serve as the main source of data for the machine learning models.
3.4.4 Data Summarization

Data summarization is a fundamental mining technique of data where applied to extracted
important insights from a set of data, supporting informed decision-making and tailored data
display. Here in the below table, I will demonstrate the numbers of documents, identify
positive and negative phrases, ascertain unique values, and highlight the top two distinctive

words within the obtained data.

Table 3.4.1: Dataset Summarization with Example.

Dataset
Summarization
\ Positive Negative

Total Reviews 588 593

Total Words 3505 3706

Total Unique Words 1381 1607

Top two Frequent I, (STOTS SO, (Sfererd

Words
3.4.4 Word Cloud

The following figure illustrates the word cloud generated from the dataset words used throughout

this research study.

©Daffodil International University
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Figure 3.4.3: Dataset Word Cloud from review words.

3.5 Machine Learning Models

For this research study, I employed five diverse Machine Learning methodologies. This
section will detail the mechanisms and behavior of each Machine Learning approach

individually.
3.5.1 Random Forest

The Random Forest technique is a well-known machine learning method that falls under the
category of supervised learning approaches, which applied for addressing both regression
and classification problems in the machine learning arena. This method exploits the
ensemble learning principle by merging many classifiers to solve complicated problems,
hence enhancing model performance and accuracy. Increasing the number of trees in the
forest often boosts outcome which mitigates the risk of overfitting. Following graphic

demonstrates the functioning of the algorithm:

15
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Training Data 1

= Training Data n

hd

- >
skl . °

Training set

L

. VW -

Voting
{averaging)

Figure 3.5.1: Random Forest Workflow [29].

The figure above depicts the working of the Random Forest algorithm. Recognized for its
effectiveness in both regression and classification tasks, Random Forest is particularly adept
at managing immense, high-dimensional datasets. It increases model accuracy and
successfully mitigates the risk of overfitting. Despite these features, its implementation in

regression problems has various boundaries, which might be considered a serious drawback.
3.5.2 Decision Tree

A decision tree is defined by some type of flowchart-like shape in which key nodes
symbolize features, branches denote decision rules, and leaf nodes signify the outputs of the
algorithm. This method serves as an efficient supervised learning strategy suitable to both
regression and classification tasks. The basic aim is to discover the feature which optimizes

information acquisition or minimizes impurity following the split.

Root Node
Sub-Tree §

} ( !

! | ! }

{Terminal Node l Decision Node [Terminal Node ] ITerminaI Node l

! !

[Terminal Node_] [Terminal Node ]

- J

Figure 3.5.2: Decision Tree Workflow [30].
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The corresponding Figure demonstrates the workflow accomplished by the Decision Tree
algorithm, which classifies data by accessing dataset attributes through repeated compares at
separate vertices. Despite its various layers, the decision tree replicates human decision-

making, keeping clarity while implementing real-world decision-making procedures.
3.5.3 Multinomial Naive Bayes

Multinomial Naive Bayes is a widely utilized method for text classification, relying on
statistical analysis of the content [31]. Bayes theorem states that, the probability P(c|x)
where x represents the provided data that needs to be categorized into distinct groups can be

calculated. The Multinomial Naive Bayes equation is expressed as follows:
P (c|x) =P (x|c) * P(c) / P(x)

This study predominantly focuses on the application of NLP for predicting audio and text
labels. The dataset employed in this research comprises two primary columns: user
comments or reviews and their corresponding tags. The objective is to classify the emotions
expressed in the reviews as negative or positive. To achieve this, the following probabilities

need to be calculated:

(P ({Positive} | {Review Dataset})): The probability that a review will be classified as

positive when the term “Review Dataset" is present.

(P ({Negative} | {Review Dataset})): The probability that a review will be classified as

negative when the term “Review Dataset" is present.

It is necessary to preprocess the data through eliminating stopwords and applying filtering

before deploying the algorithm to make sure optimal performance.
3.5.4 K-Nearest Neighbors

The K-Nearest Neighbors algorithm is a fundamental and -effective technique for
classification within the field of machine learning. This technique finds the label or value of

a new data point by examining its closest K neighbors inside the training the data set,

©Daffodil International University

17



applying the principle of similarity. Consider the following table of data items characterized

by two unique features:

Set the value of K

Figure 3.5.3: K-Nearest Neighbor Workflow [32].

The diagram above demonstrates the process of the algorithm known as KNN. The KNN
method is relatively easy to implement because to its lesser complexity. However, it is
important to establish correct data scalability before commencing the process of machine

learning.
3.5.5 Logistic Regression

This is a machine learning approach under supervised learning, is used to estimate the
probability that this particular instance belongs to a specific data category. This technique
considerably enhances decision-making processes via its capabilities. By applying the
sigmoid function, logistic regression transforms predicted values into probabilities [33]. My
work is concerned with Logistic Regression, which may be divided into

Multinomial, Binomial, and Ordinal varieties. This research mostly emphasizes
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on Multinomial Logistic Regression, which provides two possible outcomes: Positive and

Negative. The following figure reflects the functioning diagram of the model:

Initialize Data Pre- Feature
Dataset processing Selection

Performance Applying
Measure Algorithm

Figure 3.5.4: Logistic Regression Workflow.

Odds indicate the ratio of the probability of an event happening to it not happening, while
probability reflects the ratio of an event happening to the total number of potential

occurrences.
3.6 Natural Language Processing

Natural Language Processing, typically recognized as NLP, is the field within artificial
intelligence that allows machines to comprehend and evaluate human languages. Each of
these languages can be represented in text or audio formats. My research study particularly
targets text-based reviews in Bangla e-commerce feedbacks. The process of NLP requires

several phases, which are depicted in the figure that follows:

Semantic
o 4 Analysis

Disclosure Pragmatic
Integration Analysis

Figure 3.6.1: Natural Language Processing Workflow
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Natural Language Processing is surprisingly rapid and effective, simplifying the analysis of
data from both organized and unorganized data sources [34]. Initially developed for specific
jobs, it now allows individuals to inquire about questions on any topic and receive rapid

results within milliseconds.
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Introduction

In this chapter, I will demonstrate the outcomes of applying various machine learning
algorithms to a dataset of 1205 Bengali reviews, obtained from top e-commerce websites
across the country. The well-curated Kaggle dataset covers varied consumer viewpoints,
dividing reviews into Positive and Negative. We applied numerous machines learning
methods, including Decision Tree, Random Forest, K-Nearest Neighbors, Multinomial
Naive Bayes, and Logistic Regression, for sentiment classification. The analysis determines
the efficacy of machine learning models for comprehending Bangla e-commerce reviews
using measures including accuracy, precision, recall, and F1 score, underlining their
strengths and areas for enhancement offering a full summary of their success. My work
seeks towards providing an in-depth analysis of the models' capabilities in gathering and

identifying distinct viewpoints within the dataset.
4.2 Experiment Result

In this section, I discuss the findings from analyzing a huge dataset of Bangla e-commerce
customer evaluations, divided into positive and negative feelings, revealing numerous
unexpected insights. Employing the Logistic Regression technique with Trigram features,
the study produced a remarkable accuracy of 80.59%. This machine learning method
requires diligent data management, balancing, and text preprocessing, all of which boosted
the dataset's quality for sentiment analysis. Notably, Logistic Regression surpassed other
algorithms in effectively classifying the reviews. The effectiveness of this strategy can be
due to the collaborative learning principle, which efficiently integrates numerous classifiers
to suit complex requirements. Leveraging Trigram characteristics substantially increased the
algorithm's performance, catching more complicated linguistic patterns in Bangla e-
commerce reviews. Logistic Regression accurately recognizes sentiment variations in
Bangla e-commerce reviews, proving that it has the ability to manage unique language

characteristics.
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4.3 N-gram Language Models

An N-gram [35] is a sustained series of n things derived from a specific stretch of text or
audio. The sequences are often extracted from a text or audio database. In my investigation,
I used Unigrams, Bigrams, and Trigrams to assess their results and discovered that Trigrams
had more precise results. To make things clear, I'll describe each of these 3 categories in the

example following.

Unigram: In the context of this research, an n-gram of size 1 is known as a Unigram. For

instance, here is an example:

WY | ertha | ofatsar | | fiw | wers | | &g

Bigram: A 2-gram, also known as a Bigram, consists of pairs of consecutive words. For

instance, here is an example:

Trigram: A trigram is an n-gram consisting of three elements. For instance, here is an

example:

I STtha AfaTTar R wors sige

4.4 Result Comparison of Machine Learning Approaches

This part analyzes Machine Learning algorithms outputs employing each three n-gram
feature types, evaluating and contrasting measures including Accuracy, F1 Score, Precision,
and Recall. The highest number in each metric column is displayed along with the

associated Machine Learning model name.
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4.4.1 Unigram

Table 4.4.1: Algorithm Result Comparison (Unigram).

Unigram Feature

\ Accuracy Precision Recall F1 Score
DT 73.42 82.62 73.42 71.36
RF 77.64 82.77 77.64 76.70
LR 78.48 79.07 78.48 78.36
MNB 78.48 78.82 78.48 78.41
KNN 67.51 70.73 67.51 66.15

The study examined the performance of multiple Machine Learning models, with the Logistic

Regression model having the highest accuracy score of 78.48%. The Random Forest approach

scored 82.77% in precision, whereas the Logistic Regression model got 78.48% for recall. The

Naive Bayes model generated the greatest F1-Score of 78.41%, proving the model's efficacy

across multiple criteria for evaluation.

4.4.2 Bigram

Table 4.4.2: Algorithm Result Comparison (Bigram).

Bigram Feature

\ Accuracy Precision Recall F1 Score
DT 73.42 82.62 73.42 71.36
RF 75.53 81.59 75.53 74.26
LR 79.32 80.46 79.32 79.12
MNB 78.06 78.25 78.06 78.02
KNN 62.87 74.62 62.87 57.74
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The Logistic Regression model achieved an excellent accuracy of 79.32%, while the Decision
Tree model obtained the highest precision of 82.62%. The Logistic Regression model similarly
got the best recall score at 79.32% and the highest F1-Score at 79.12%. These findings indicate
the efficiency of the Logistic Regression model across multiple performance variables, while

also proving the remarkable precision of the Decision Tree approach.

4.4.3 Trigram

Table 4.4.3: Algorithm Result Comparison (Trigram).

Trigram Feature
\ Accuracy Precision Recall F1 Score
DT 73.42 82.62 73.42 71.36
RF 76.37 81.52 76.37 75.34
LR 80.59 81.67 80.59 80.41
MNB 78.06 78.25 78.06 78.02
KNN 60.34 72.95 60.34 53.90

The analysis of Machine Learning algorithms determined that the Logistic Regression model had
the maximum accuracy with a score of 80.59. The algorithm for Decision Trees similarly
outscored others with a score of 82.62. The Logistic Regression model likewise succeeded in
recall with an accuracy score of 80.59. The Random Forest algorithm showed greater

performance with an F1-Score of 80.41.
4.5 Confusion Matrix

The confusion matrix is an essential machine learning tool for assessing classification
algorithms efficiency, which includes True Positives, True Negatives, False Positives, and False
Negatives. It assists in identifying crucial factors including accuracy, precision, recall, and F1

score, allowing fine-tuning for increased accuracy in predictions.
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> Decision Tree Confusion Matrix:

Confusion Matrix for Decision Tree
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Figure 4.5.1: Confusion Matrix of Decision Tree.

> Random Forest Confusion Matrix:

Confusion Matrix for Random Forest
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Figure 4.5.2: Confusion Matrix of Random Forest.
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» Logistic Regression Confusion Matrix:

Confusion Matrix for Logistic Regression

- 100
o 107
- 50
60
40
—
20
0 1

Predicted

Actual

Figure 4.5.3: Confusion Matrix of Logistic Regression.

» Naive Bayes Confusion Matrix:

Confusion Matrix for Naive Bayes
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Figure 4.5.4: Confusion Matrix of Naive Bayes.
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» K-Nearest Neighbor Confusion Matrix:

Confusion Matrix for KNN
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Figure 4.5.5: Confusion Matrix of K-Nearest Neighbor.
4.6 Bar Chart Comparison of Accuracy and F1 Score

Comparison of Accuracy and F1-Score Value for Unigram Feature
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Figure 4.6.1: Result comparison using Unigram Feature.
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Comparison of Accuracy and F1-Score Value for Bigram Feature
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Figure 4.6.2: Result comparison using Bigram Feature.

Comparison of Accuracy and F1-Score Value for Trigram Feature
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Figure 4.6.3: Result comparison using Trigram Feature.
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The figures above show bar charts assessing Unigram, Bigram, and Trigram
features performance in Machine Learning approaches. These visual comparisons offer an
understandable overview of how each chosen model performs using distinct n-gram features,

boosting the comprehension of the models.
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CHAPTER S
IMPACT ON SOCIETY, ENVIRONMENT, AND SUSTAINABILITY

5.1 Impact on Society

Here I have demonstrates the precise performance of five distinct machine learning model
on a significant Bangla ecommerce review dataset, with the Logistic Regression approach

accomplishing extraordinary accuracy.

Encouraging Customer Choices: Employing machine learning techniques to evaluate e-
commerce evaluations is essential for developing informed consumer decisions in our
country's perspective. Through sentiment analysis, consumers obtain vital insights into the
experiences of other customers, enabling them to make informed decisions while engaging
with e-commerce platforms. Consequently, this supports a need for higher-quality goods and
services, contributing to a more sophisticated and empowered audience of the e-commerce

sector.

Customer Satisfaction and Building Trust: Methods involving machine learning are being
used to assess e-commerce evaluations in Bangladesh, improving consumer decision-
making accuracy. This method accumulates user feedback, offering insights into other
people's opinions, and fostering smarter online purchasing environment. This results in a
knowledgeable customer community, and a growing need for quality products and services.
Trust is essential in any marketplace, and machine learning analysis contributes to building

and sustaining it.

Impact on Local Businesses: The findings of the research also affect local firms that
engage in online shopping. By researching and interpreting feedback from consumers, small
firms may improve their product offers to line more precisely with what customers want.
This alignment fosters the establishment of local companies, supporting economic growth

within our country's wider e-commerce sector.
5.2 Impact on Environment
The study's environmental consequences stem from the basic properties of e-commerce,

especially the decline in physical sales. Enhancements in logistics and transportation,
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prompted by machine learning insights, enhance supply chain activities, thereby lowering
the environmental footprint of product delivery. This efficiency correlates with
environmental desires, limiting the ecological effect of the e-commerce business.
Additionally, switching to online purchase facilitates paperless transactions, eliminating the
need for paper invoices and other documentation, consequently limiting paper use and
preventing deforestation. Overall, the study discloses the potential for internet firms to apply

eco-friendly practices and promote sustainable operations with machine-learning techniques.
5.3 Ethical Aspects

The proper implementation of machine learning for the examination of the e-commerce
evaluates is the study's essential ethical challenge. It is necessary for maintaining the user
privacy, security of data, and open knowledge of data management procedures. Ethical
standards necessitate a neutral, fair its representation of a range of consumer input while
limiting any chance of deception. The study effort is further examining how online shopping
sites might ethically utilize machine learning observations, addressing moral conduct while
using feedback from customers. These features support user confidence, protect equality of
opportunity, and promote the moral evolution of machine learning algorithms within the e-

commerce business environment.

5.4 Sustainability Plan

Sustainability strategy is essential for continuing beneficial effect, considering the projected
implications of this study for the e-commerce business in Bangladesh. Creating an effective
framework for handling data is vital for assuring the ethical employment of machine
learning in sentiment analysis moving forward Integrity and transparency may be
encouraged by working jointly with customer advocacy groups, government agencies, and e-
commerce groups. Ethical application of technology will also be reinforced by promoting
programs that increase understanding and offer skill development for people who participate
in the e-commerce ecosystem. By ensuring that machine learning is in line with ethical
principles and for the purpose of the community as a whole this sustainability strategy seeks

to maintain the beneficial influence of machine learning upon the industry of e-commerce.
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CHAPTER 6
CONCLUSION AND FUTURE SCOPE

6.1 Conclusion

In summary, this research discovered noteworthy discoveries with wide-ranging
consequences by utilizing machine learning approaches to examine e-commerce reviews
from a Bangladeshi perspective. This detailed sentiment analysis in reviews not only helps
consumers to make informed selections but also dramatically impacts local business
dynamics, consumer satisfaction, and trust-building within Bangladesh's online buying
scene. Multiple machine learning algorithms examined to discover the most precise one. The
study identified the Logistic Regression approach as particularly useful, obtaining a high
accuracy rate of 80.59% when applying Trigram features. Additionally, the study reveals
how Natural Language Processing (NLP) can efficiently extract emotions from any written
input. This research also evaluated the effect of reviews on the e-commerce industry and
discovered incidents of e-commerce fraud. The findings emphasize the revolutionary
potential of machine learning in modifying the online shopping industry and impacting how
consumers behave. Therefore, it is apparent that the e-commerce sector is likely supervised

towards a more focused on customers, dependable, and innovative future.
6.2 Future Scope

The research findings provide the door for exciting new opportunities in research and
development. In my study, I have focused on customer evaluation sentiment, dividing them
into two primary types. Nonetheless, I feel the research might benefit from combining more
precise information relevant to e-commerce and customer behavior along with adding more
sentiment categories and subcategories. For this analysis, I made use of 1205 Bangla review
data; raising the dataset size may increase the accuracy of my chosen models. Employing
deep learning models may give a stronger understanding of sentiment and contextual details

as well.
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