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ABSTRACT :

This study investigates customer sentiments embedded in online reviews on Amazon India by leveraging sentiment analysis techniques using Natural Language
Processing (NLP) and Machine Learning (ML) models. The primary aim is to extract actionable insights from customer feedback to understand factors contributing
to satisfaction and dissatisfaction across six major product categories. Key thematic findings include value consciousness, authenticity concerns, and trust-building
signals. These insights underscore the importance of culturally adapted sentiment analysis in India's diverse and rapidly expanding e-commerce market, offering
valuable implications for businesses, platforms, and consumers.

1. Introduction

India's e-commerce industry is undergoing exponential growth, projected to reach USD 200 billion by 2026. Amazon India stands at the forefront of this
digital revolution, with millions of customer reviews providing a rich source of consumer sentiment data. These reviews represent authentic customer
experiences and serve as a major influence on purchasing decisions.

However, the sheer volume and unstructured nature of this text-based data pose significant analytical challenges. Manual analysis is impractical and
inconsistent, especially given the linguistic and cultural diversity of Indian consumers.

Sentiment analysis, a core application of NLP, enables the automated classification of opinions expressed in text into categories such as positive, negative,
and neutral. When applied to e-commerce platforms like Amazon India, this technique helps businesses monitor customer satisfaction, identify product-
specific issues, and develop targeted strategies for improvement.

This research addresses the pressing need for a sentiment analysis framework specifically tailored to the Indian market. By incorporating code-mixed
language, regional idioms, and culturally relevant expressions, the study seeks to provide a deeper, more accurate understanding of Indian consumer
sentiment.

2. Literature Review Summary

The growth of e-commerce in India has been catalysed by increased digital inclusion, favourable demographics, and a surge in online activity during the
COVID-19 pandemic. Online product reviews have become pivotal in consumer decision-making, acting as a form of digital word-of-mouth. However,
the credibility of these reviews can be compromised by fake entries, while the prevalence of code-mixed languages—such as combinations of English
with Hindi or regional dialects—adds a layer of complexity to sentiment analysis.

Sentiment analysis methods have evolved from rule-based and lexicon-driven approaches to sophisticated machine learning and deep learning techniques.
Traditional models such as Naive Bayes and Support Vector Machines (SVM) offer foundational classification abilities. In contrast, modern deep learning
architectures like Long Short-Term Memory (LSTM) networks and transformer models such as BERT provide context-sensitive interpretation of text,
enhancing classification accuracy and reliability.

In the Indian context, hybrid models—combining lexicon-based methods with neural networks—have proven effective in addressing the linguistic and
cultural nuances present in consumer reviews. Additionally, Aspect-Based Sentiment Analysis (ABSA) allows for detailed opinion mining by identifying
sentiments tied to specific product attributes (e.g., battery life, delivery speed, or material quality), which is particularly valuable in e-commerce
applications.

Despite these technological advancements, several research gaps remain. Most sentiment models lack adaptation to Indian linguistic patterns, including
regional languages and informal code-mixed expressions. Furthermore, there is limited longitudinal research exploring how sentiment trends shift over
time in response to policy changes or service improvements. Finally, while sentiment analysis offers rich consumer insights, its application in formulating
strategic business actions is still underdeveloped, revealing a need for actionable frameworks.

3. Methodology

To address the research objectives, a mixed-methods approach was employed, combining quantitative modelling with qualitative thematic analysis.
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3.1 Quantitative Component: Data Collection and Processing

A comprehensive dataset of 70,000 customer reviews was compiled from Amazon India using a Python-based web scraping framework. Reviews were
drawn from six primary product categories: Electronics, Fashion, Home & Kitchen, Beauty & Personal Care, Books, and Grocery & Gourmet
Foods. The selection criteria included reviews from varying product tiers (bestsellers, mid-tier, and low-tier items) and spanned from January 2023 to
March 2025, ensuring both diversity and temporal coverage.
The raw textual data underwent several preprocessing steps:
e  Language Normalization and Tokenization: Standardized text using NLP libraries (e.g., NLTK, Spacey).
e  Translation & Transliteration: Hindi and other non-English content were transliterated into Roman script to maintain consistency in
processing.
e  Code-Mixing Handling: Special tokenization strategies were applied to identify and preserve sentiment-bearing expressions in code-mixed
texts.

3.2 Sentiment Classification Models

A multi-model ensemble was built to improve classification performance:
e  Gradient Boosting Machine (GBM): Leveraged structured lexical and syntactic features.
e  Bilt with Attention Mechanism: Captured sequential dependencies and sentiment transitions within longer reviews.
e  MuRIL (Multilingual Representations for Indian Languages): A fine-tuned transformer model trained on Indian language text, optimized
for understanding multilingual and culturally nuanced sentiment.
The ensemble model was trained on a manually annotated subset of 15,000 reviews to classify sentiments into positive, negative, or neutral. Evaluation
metrics included precision, recall, F1-score, and overall accuracy.

3.3 Aspect-Based Sentiment Analysis (ABSA)
To analyse sentiments at a more granular level, an ABSA pipeline was implemented:
e  Aspect Term Extraction: Used a Conditional Random Field (CRF) model trained on labelled review text to identify product features
discussed in each review.
Aspect Categorization: Clustered related features (e.g., battery life, screen resolution) into coherent categories for each product domain.
Sentiment Pairing: Applied attention-based neural networks and syntactic rules to associate sentiment polarity with each identified aspect.

3.4 Qualitative Component: Thematic Analysis

To complement the quantitative findings, thematic analysis was conducted on a representative sample of 2,000 reviews.

4. Results and Analysis

The results of the sentiment analysis and thematic exploration provide critical insights into consumer behaviour and experience on Amazon India across
different product categories.

4.1 Sentiment Distribution

Analysis of the 70,000 customer reviews revealed the following sentiment distribution:

e  Positive Sentiment: 58.3%

e Neutral Sentiment: 24.5%

®  Negative Sentiment: 17.2%
Among the categories analysed, Books received the highest proportion of positive sentiment (73.4%), indicating high consumer satisfaction. Conversely,
Grocery & Gourmet Foods recorded the highest negative sentiment (24.5%), with common concerns cantered around freshness and packaging.

4.2 Review Characteristics

Average Review Length: 82.3 words
Verified Purchase Rate: 94.5%, indicating a high degree of review authenticity.
Primary Language: 72.3% of reviews were written primarily in English, with the remainder composed in Hindi, other Indian languages, or
code-mixed formats.
These metrics highlight the credibility and linguistic diversity of the review dataset, underscoring the necessity of multilingual and culturally adaptive
sentiment analysis models.
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4.3 Model Performance

The ensemble sentiment classification model demonstrated strong results across multiple evaluation metrics:
e  Overall Accuracy: 89.3%
e  MuRIL Model Performance: Particularly effective at handling code-mixed and multilingual content, outperforming traditional models in
sentiment detection among regionally diverse inputs.
This validates the importance of incorporating language-specific models in Indian e-commerce sentiment analysis.

4.4 Aspect-Based Sentiment Analysis (ABSA)

ABSA revealed specific product dimensions that consumers focus on:
e  Electronics: Common aspects included battery life and price-value ratio.
®  Grocery & Gourmet Foods: Consumers emphasized freshness and packaging quality.
e  Fashion: Sentiment focused on fit and sizing, as well as material quality.
These findings indicate that dissatisfaction is often localized to specific product features, reinforcing the value of ABSA in driving product improvements.

4.5 Thematic Findings

Thematic analysis revealed key recurring themes in sentiment expression:

®  Value Consciousness: Present in 47.3% of reviews, highlighting consumers’ emphasis on cost-effectiveness.

e  Trust Building: Mentioned in 41.8% of reviews, often referencing Amazon’s return policy and service reliability.

e  Authenticity Concerns: Cited in 32.8% of reviews, especially within electronics and beauty products.
Consumers frequently employed narrative testimonials, comparative evaluations, and emotional language, providing rich, context-laden sentiment data
beyond numerical star ratings.

4.6 Temporal Trends

Sentiment trends across the 27-month review period (January 2023—-March 2025) indicated an overall improvement in customer satisfaction:

®  Positive Sentiment: Increased from 55.8% to 61.2%.

®  Negative Sentiment: Decreased proportionally.
Notable improvements in sentiment correlated with Amazon’s enhancement of delivery logistics and return processes in 2024, demonstrating the tangible
business impact of operational enhancements on customer perceptions.
Great! To visually enrich your research summary, here are three suggested visual elements—a combination of graphs and tables—that align with your
existing content. You can incorporate these into your Word or PDF document or PowerPoint presentation:

1. Pie Chart: Sentiment Distribution
Location: Section 4.1 — Sentiment Distribution

Title: Figure 1: Overall Sentiment Distribution in Amazon India Reviews

Sentiment Type | Percentage

Positive 58.3%
Neutral 24.5%
Negative 17.2%

2. Table: Aspect-Based Sentiment Summary

Location: Section 4.4 — Aspect-Based Analysis
Title: Table 1: Key Aspects and Their Sentiment Distribution by Category

Product Category Key Aspect Positive (%) | Neutral (%) | Negative (%)
Electronics Battery Life 47.8 22.3 29.9
Fashion Fit and Size 54.2 19.1 26.7

Grocery & Gourmet | Freshness 394 16.3 44.3
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Books Content Quality | 78.9 14.2 6.9

This table highlights how specific product features influence customer sentiment differently across categories.
3. Line Graph: Sentiment Trends Over Time
Location: Section 4.6 — Temporal Trends

wuarier

Title: Figure 2: Sentiment Trend from Jan 2023 to Mar 2025

Quarter Positive (%) | Neutral (%) | Negative (%)
Q12023 55.8 24.5 19.7
Q4 2023 (Festive Season) | 53.6 25.1 21.3
Q2 2024 58.4 23.0 18.6
Q12025 61.2 235 15.3

5. Discussion

The findings of this study reinforce the utility of sentiment analysis as a superior metric to traditional star ratings for gauging customer satisfaction. While
star ratings offer a numerical summary, sentiment analysis reveals depth, context, and specificity, uncovering nuanced customer attitudes and
expectations.

5.1 Practical Insights from ABSA

e  Packaging issues in the Grocery category emerged as a major source of dissatisfaction.
e  Fitand sizing inconsistencies were prevalent concerns in the Fashion category.
These insights provide direct, actionable information for brands and sellers to refine product design, communication, and quality control.

5.2 Cultural Influences on Sentiment Expression

Indian consumers often express opinions using culturally specific frameworks:

e  Comparative language (“better than Flipkart”) and value judgments (“worth the price”) are prevalent.

e  References to family-oriented use cases, regional climate conditions, and festive purchases were frequently observed.

e  Code-mixed language and idiomatic expressions added complexity but also richness to the sentiment data.
This highlights the importance of sentiment analysis tools tailored to India's multilingual, multicultural consumer landscape, particularly when dealing
with informal or hybrid language structures.

5.3 Verified Purchase as a Trust Signal

The significantly more positive sentiment expressed in verified purchase reviews affirms their value as reliable indicators of genuine customer experience.
Amazon’s verified purchase badge thus plays a crucial role in building user trust and filtering credible feedback.

6. Conclusion and Recommendations
6.1 Conclusion

This study provides a comprehensive examination of customer sentiment in the context of Amazon India, offering a culturally nuanced and
methodologically rigorous framework for sentiment analysis in the Indian e-commerce environment. By combining Natural Language Processing (NLP),
machine learning models, and thematic analysis, the research highlights key drivers of customer satisfaction and dissatisfaction across six major product
categories.

The findings confirm that sentiment analysis, especially when adapted to multilingual and culturally specific contexts, offers deeper insights than
traditional metrics like star ratings. Notably, the study revealed that customer concerns vary significantly across product categories—ranging from issues
of product freshness in Grocery to sizing inconsistencies in Fashion—and that verified purchase reviews tend to be more positive and trustworthy.

The integration of Aspect-Based Sentiment Analysis (ABSA) further enabled granular evaluation of product features, empowering businesses with
actionable intelligence to enhance their offerings and customer experience.
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6.2 Recommendations

Based on the analysis, the following recommendations are proposed for various stakeholders in the Indian e-commerce ecosystem:
For Amazon India:
e  Enhance Review Moderation Algorithms: Improve algorithms to highlight helpful, verified, and detailed reviews, especially those
containing aspect-specific information.
e  Promote Verified Reviews: Encourage verified buyers to leave feedback through incentives and visibility boosts, reinforcing consumer trust.
For E-commerce Sellers:
e Improve Communication on Value Propositions: Clearly articulate product benefits, quality assurance, and pricing justifications to address
the dominant theme of value consciousness.
e  Refine Sizing and Product Descriptions: Especially in the Fashion category, provide detailed and standardized sizing guides and real
customer photos to minimize returns and dissatisfaction.
For Platform Designers and Developers:
e  Enable ABSA-Driven Search Filters: Allow users to sort or filter reviews based on sentiment toward specific product aspects (e.g., “battery
life” or “fit”), enhancing decision-making.
e  Expand Multilingual Support: Integrate NLP capabilities for regional languages and code-mixed content to accommodate India’s linguistic
diversity and improve accessibility.

6.3 Future Work

While this study offers foundational insights, several areas remain open for further exploration:

®  Cross-Platform Comparative Studies: Extend sentiment analysis to platforms such as Flipkart, Meesho, and niche marketplaces to
understand broader consumer behaviour across the Indian digital landscape.

e  Multimodal Sentiment Analysis: Incorporate analysis of video and audio reviews to capture more nuanced expressions of sentiment,
particularly for aesthetic or experiential products.

e  Sarcasm and lrony Detection: Develop advanced models to identify and correctly interpret sarcasm, which is often missed by conventional
classifiers, especially in code-mixed Indian English.

e  Real-Time Monitoring Systems: Build sentiment dashboards for live monitoring of customer feedback, enabling businesses to respond
swiftly to emerging concerns or trends.
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