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Abstract 
Decision-making in e-commerce depends greatly on big data. E-commerce companies use big data analytics to 

process large amounts of customer and business information. Advanced analytical tools help organizations 

understand customer preferences and buying behavior. Big data also supports pricing optimization, inventory 

control, security management and supply chain management. It improves fraud detection and enhances marketing 

performance for businesses. 

Companies using big data can make faster and more accurate decisions than traditional businesses. Personalized 

shopping and better engagement help improve customer satisfaction and loyalty. However, challenges such as 

data privacy, cyber security risks, and high implementation costs still exist. The shortage of skilled data 

professionals also affects successful adoption of big data systems. Despite these limitations, big data provides 

strong competitive advantages and long-term business growth. Future developments in AI and machine learning 

will further expand the role of big data in e-commerce. 
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I. Introduction 
Rapid development of internet and digital trade has greatly changed business operations and competition. 

In particular, e-commerce companies now generate and collect vast amounts of both structured and unstructured 

data almost continuously from a wide range of sources, including customer interactions, purchasing activities, 

online search behavior, and engagement on social media platforms (McAfee & Brynjolfsson, 2012). This large 

and constantly growing pool of information is widely referred to as big data, and it plays a central role in shaping 

business strategies today. 

Big data is typically described using the five V’s: volume, velocity, variety, veracity, and value, which 

together explain its scale, speed, complexity, reliability, and usefulness (Mayer-Schönberger & Cukier, 2013). In 

the highly competitive e-commerce environment, organizations increasingly depend on data-driven decision 

making to understand customer needs more deeply, enhance user experiences, and improve overall business 

performance (Davenport & Harris, 2007). 

 

II. Concept of Big Data in E-Commerce 
Big data refers to extremely large and complex datasets that cannot be efficiently processed or managed 

using traditional database systems or conventional data processing tools (Chen, Chiang, & Storey, 2012). In the 

context of e-commerce, such data is continuously generated from multiple interconnected sources, including 

customer purchase histories, cart behavior, reviews, website browsing behavior data, search engine queries, 

mobile application usage, social media interactions, and detailed product reviews and ratings. It also includes that 

data that is generated by external sources such as competitor prices, searching trends, and pricing 

analysis/behaviors.  

When these diverse data sources are integrated and analyzed together, organizations are able to uncover 

deeper and more meaningful insights into market trends, customer preferences, and evolving buying behaviors 

(George, Haas, & Pentland, 2014). This holistic understanding allows businesses to make more informed and 

strategic decisions. Such decisions and planning of strategy is not so easy to filter or implement manually by 

human being. Day by day a huge amount to technologies, tools, applications are entering in the e-commerce 

market for the solution of this issue. Furthermore, modern technologies such as artificial intelligence, cloud 

computing, machine learning, and predictive analytics play a crucial role in processing this vast amount of 

information efficiently, enabling companies to extract actionable insights and apply them effectively in real-world 

business operations (Provost & Fawcett, 2013). 

 

 



Big Data Analysis in E-Commerce Industry: The Role of AI, Machine Learning, and NLP in .. 

DOI: 10.9790/0661-2704018893                                    www.iosrjournals.org                                          Page | 89 

III. Applications of Big Data in E-Commerce Decision Making 
3.1 Customer Behavior Analysis 

One of the most important applications of big data is understanding customer behavior. E-commerce companies 

collect information about customer preferences, browsing patterns, and purchasing habits (Wamba et al., 2015). 

Businesses use this data to understand customer interests, predict what they may buy next, group customers by 

age and behavior, and improve engagement using purchase history, browsing habits, location, and pricing. 

For example:  Online retailers analyze browsing history to recommend products that customers are more likely to 

purchase (Davenport & Harris, 2007). 

 

3.2 Personalized Products and Services Recommendation Systems 

Recommendation systems are widely used in e-commerce platforms such as Amazon, Flipkart, Myntra, and 

Netflix etc. These systems analyze customer data, including previous purchases and search history, to provide 

personalized suggestions (Provost & Fawcett, 2013). 

Benefits of recommendation systems include increased customer satisfaction, Analyze past Purchases, Higher 

sales conversion rates, and improved customer loyalty, enhance shopping experience also. 

Machine learning algorithms play a major role in improving recommendation accuracy (Chen et al., 2012). 

 

3.3 Strategies of Dynamic Pricing 

Big data enables businesses to implement dynamic pricing models where product prices change according to 

demand, competition, customer behavior, and market conditions (McAfee & Brynjolfsson, 2012). 

Dynamic pricing helps companies in real time using big data analytics: 

• For Maximize profits  

• Respond quickly to market changes  

• Improve competitiveness  

• Optimize sales performance  

Airlines, hotel booking platforms, and online retailers frequently use this strategy (George et al., 2014). 

 

3.4 Supply Chain and Inventory Management 

Big data analytics improves supply chain efficiency by helping organizations forecast demand and manage 

inventory levels (Wamba et al., 2015). 

Companies use historical sales data and predictive analytics data to: 

• Lower inventory costs  

• Avoid stock shortages  

• Improve logistics Processes  

• Make delivery routes more efficient 

• Better supply chain management improves customer satisfaction and overall performance. 

 

3.5 Fraud Detection and Security 

Cyber security and online fraud are major concerns in e-commerce. Big data analytics helps businesses identify 

suspicious activities and prevent fraudulent transactions (Chen et al., 2012). 

Machine learning systems can: 

• Track unusual payment activity  

• Monitoring Real time transactions 

• Identify suspicious Activity 

• Reduce Financial Losses 

These systems improve trust between customers and e-commerce businesses. 

 

3.6 Marketing and Advertising Optimization 

Big data allows organizations to develop targeted marketing strategies based on customer interests and online 

behavior (Davenport & Harris, 2007). 

Businesses Study: 

• Social media activity  

• Review ad campaigns 

• Customer feedback  

• Online Searching trends  

This information helps companies create personalized advertisements that improve conversion rates and return 

on investment (Provost & Fawcett, 2013). 

 



Big Data Analysis in E-Commerce Industry: The Role of AI, Machine Learning, and NLP in .. 

DOI: 10.9790/0661-2704018893                                    www.iosrjournals.org                                          Page | 90 

3.7 Future Trend Identification 

Big data helps companies to detect the trending products by its search queries. It is also helpful in launching 

new trending products with required features. 

 

IV. Benefits of Big Data in E-Commerce Decision Making 
Big data provides several advantages to e-commerce organizations: 

• Know your Customers Better 

Big data helps e-commerce companies analyze customer preferences, buying habits, browsing history, and 

feedback. This helps e-commerce businesses to understand customer needs and improve their products and 

services.  

• Create Personalize Shopping Experiences –Companies can use customer data to provide personalized product 

recommendations, targeted advertisements, and customized offers, which improve customer satisfaction and 

loyalty.  

• Make Smarter, Faster decision-making –It gives real-time information that helps businesses make better 

planning and management decisions. It allows business to make faster and accurate decisions based on real time 

information rather than traditional methods. 

• Make Your Business run Smoother It improves processes like inventory, logistics, and marketing to reduce 

waste and increase performance. By studying sales trends and customer demand, businesses can manage stock 

better, avoid shortages, and make supply chains more efficient. 

• Better competitive advantage – It helps organizations stay updated with trends.  

• Improved pricing strategies- Big data helps companies study market trends, competitor pricing, and customer 

demand to set competitive and profitable prices.  

• More profit and income – Using marketing and better customer engagement lead to increased sales and profits.  

• Better demand estimation – It predicts future customer demand using historical and real-time data analysis. 

• More effective marketing- Businesses can analyze customer responses to marketing campaigns and create more 

effective advertising strategies, leading to higher sales and better return on investment.  

• Stronger fraud and risk security - It identifies abnormal activities to prevent fraud and reduce risk. 

• Fraud Detection and Security- E-commerce companies use big data tools to detect unusual activity, stop online 

fraud, and strengthen cybersecurity. 

• Predicting Market Trends - Big data helps companies predict what customers will want in the future and 

understand market trends, so they can plan better and stay competitive. 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                   

V. Evaluation of AI/ML/NLP big data applications compared to traditional e-commerce 

systems: 
 

5.1 A Brief comparison between AI embedded e-commerce system and traditional e-commerce system: 

Aspect 
AI, Machine Learning & NLP in Big 

Data E-commerce 
Traditional E-commerce System 

Decision Making AI and analytics-driven Mostly manual and rule-based 

Customer Experience 
Customized recommendations and 
experiences 

Almost common experience for all 
customers 

Data Processing 
Real-time processing of massive datasets 

with efficiency 
Limited ability to process large data 

Product Recommendations 
Personalized product recommendations 
based on customer data 

Simple recommendations based on basic 
categories or sales 

Customer Support 

AI chatbots and virtual assistants provide 

24/7 and 365 days support for all 

customers 

Human-based support with limited 

availability based on organization 

Search Functionality 
Natural language-based intelligent search 

experience 
Exists only keyword-based search 

Marketing Strategies Personalized marketing Broad and less personalized marketing 

Fraud Detection 
Machine learning detects unusual activities 
instantly 

Manual monitoring with slower detection 

Inventory Management Accurate demand forecasting Traditional stock management methods 

Response Time Fast real-time responses and automation Slower processing and decision-making 

Scalability 
Scalable through cloud computing and big 
data tools 

Difficult to scale with growing data 

Customer Insights Deep insights from customer behavior data Limited insights from basic reports 

Automation Level 
High automation in operations and 

decision-making 
Low automation; more human intervention 

Cost Efficiency Expensive to start, efficient later 
Lower initial cost but higher manual 
operational costs 

Competitive Advantage Customer-centric innovation Less adaptable to changing market trends 
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5.2 An analysis and reports of problems face in traditional e-commerce system or Non-AI Embedded 

System: 

• Decision Speed: Manual checks may take minutes to hours, whereas AI performs behavioral analysis 

and makes approval decisions within seconds. A study reveals that AI-driven e-commerce reduces decisions 

latency by 17-25% compared to non-AI setups.  

AI-driven e-commerce platforms heavily outperform non-AI setups, processing decisions up to \(1,000\times\) 

faster and reducing time-to-purchase by 47%. By condensing months of research into real-time algorithms, AI 

transforms retail operations across customer engagement, supply chain optimization, and dynamic pricing. [1] 
 

• Adaptability: Traditional rule-based systems are static and require manual updates for any change, 

whereas AI systems automatically adapt to new and unseen fraud patterns, improving security over time. 

 

• Customer Experience:  Traditional e-commerce system can cause unnecessary payment rejections that 

may cause lost sales and customer’s trust. Without trust it is not easy to get new customer and to follow-up the 

existing customers. Traditional systems without AI make selection and analysis less convenient for customers. 

Customer found better with AI-driven e-commerce in product discovery, personalization, customer support, 

dynamic pricing filtering and in decision friction category.  

In 2024–25, customer experience (CX) reports in India indicate traditional, non-AI e-commerce platforms 

struggle with lower conversion rates. These legacy sites suffer from search fatigue, lack of vernacular support, 

and frustration with automated chatbots. Conversely, 65% of Indian consumers now prefer AI-driven quick 

commerce and hyper-personalization [2] 

 

• Payment Failure and Checkout issues: Payment failure issues and checkout issues also make irritate 

to a customer. After facing such type of issues they do not want to use this pattern for e-commerce not in decision 

making process. 

 The “2025 Visa Global ecommerce Payment Report” and industry data reveal that payment failures represent a 

massive leakage in the e-commerce funnel. Almost industry could mostly cover up the leakage through the AI 

Driven e-commerce platforms.[3] 

 

• Security and fraud risks: Such issues reduce trust and make customers feel unsafe.   

In 2024–25, cybercriminals caused over ₹22,000 crore in losses from digital scams, heavily impacting legacy e-

commerce systems that rely on basic rule-based security rather than adaptive AI. [4] 

 

VI. Challenges of Big Data Implementation 
6.1 Data Privacy and Security 

E-commerce platforms collect large amounts of customer data, including transactional, personal and payment 

information. Protecting this data from cyberattacks and unauthorized access is a major challenge. 

Collecting and storing customer information creates privacy concerns. Businesses must comply with regulations 

such as the General Data Protection Regulation (GDPR) to protect customer data (Mayer-Schönberger & Cukier, 

2013). 

 

6.2 High Implementation Costs 

Big data technologies require investment in hardware infrastructure, cloud computing services, data storage 

systems, and skilled professionals (George et al., 2014). 

Small businesses may struggle with these financial requirements. 

 

6.3 Data Quality Issues 

Poor-quality or inaccurate data can lead to incorrect analysis and poor decision making. Organizations must ensure 

data accuracy, consistency, and reliability (Chen et al., 2012). 

 

6.4 Lack of Skilled Professionals 

Successful implementation of big data systems requires experts in data science, artificial intelligence, machine 

learning, and business analytics (Provost & Fawcett, 2013). 

Many organizations face shortages of qualified professionals in these fields the issue may occur in filterization 

and categorization of existing data. 
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6.5 Managing Large Amount of Data 

E-commerce businesses generate massive amounts of structured and unstructured data from websites, 

transactions, apps, social media platforms, e-commerce platforms, and service websites. That causes difficult in 

managing and storing this large amount of data. 

 

6.6 Face problems in integration with multiple sources of data 

Data often comes from different platforms such as systems, social media, payment gateways, banking systems, 

e-commerce platforms and inventory systems. The issue may arise to integrate the data gets from different data 

sources. 

 

VII. Future Trends in Big Data and E-Commerce 
The future of big data in e-commerce is strongly connected with advancements in artificial intelligence and 

automation technologies (Wamba et al., 2015). 

Future developments may include: 

• Real-time predictive analytics : 

Real-time predictive analytics uses AI, machine learning, and live data to quickly predict future results. Businesses 

use it to study customer behavior, sales trends, and operations so they can make faster decisions. 

For an example an e-commerce platform predicts which products a customer is likely to buy and recommends 

them immediately. 

• AI-powered chatbots : 

 AI-powered chatbots are virtual assistants that interact with users using natural language processing 

(NLP) and machine learning. For example banking chatbots help users check balances, transfer money, 

transactions details or solve account issues automatically. 

• Internet of Things (IoT) integration :  

 IoT integration connects physical devices (sensors, machines, smart devices) to the internet so they can 

collect and exchange data. In trending smart homes use IoT devices like smart lights, thermostats, and security 

cameras controlled through mobile apps. 

• Automated customer support systems : 

 Automated customer support systems use AI, chatbots, and workflow automation to handle customer 

service tasks without human intervention. For example, automated ticketing systems sort customer complaints 

and send them to the right department automatically 

• Advanced personalization techniques : 

 Advanced personalization uses AI and customer data to deliver customized experiences, products, and 

content to individual users. We can see this personalization in streaming platforms that suggest movies and shows 

based on a user’s watch history and preferences.  

These innovations will continue to improve customer experiences and business efficiency. 

 

VIII. Conclusion 
Big data has become an essential component of decision making in the e-commerce industry. 

Organizations use big data analytics to understand customer behavior, optimize pricing strategies, improve supply 

chain operations, detect fraud, and enhance marketing effectiveness (McAfee & Brynjolfsson, 2012). 

Although challenges such as data privacy, implementation costs, and shortage of skilled professionals 

remain, the advantages of big data outweigh the limitations. Companies that successfully adopt big data 

technologies can improve customer satisfaction, increase profitability, and achieve long-term competitive 

advantage (Davenport & Harris, 2007). 

As digital technologies continue to evolve, big data will play an even greater role in shaping the future of 

e-commerce decision making. Currently latest and trending technologies working on AI, machine learning, NLP 

etc. can fulfill the requirement of e-commerce industry. Every decision based on big data analytics, customer 

related data, transactions data, review data, preference purchasing data, trending data, security, safely data access 

are such fields where AI, machine learning, NLP and other trending any very useful tools and can provide us the 

exact and trust worthy outcome.  
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