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ARTICLE DETAILS ABSTRACT
p The exponential growth of web usage has generated huge amounts of user interaction data,
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which offers valuable insights into consumer behavior and market trends. As online
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shopping continues to grow, e-commerce strategies have increasingly adopted modern
technologies, such as big data analytics and machine learning. Predictive analysis of
Key words:

customer reviews using big data from web usage is becoming a key element in shaping
online marketing tactics. This research presents a linear regression-based approach for
predicting sales using big data from web usage. A clear connection exists between customer
review ratings and product sales. We extracted the key feature review ratings from the
product review sections on e-commerce sites. This article presents a sales prediction model
using linear regression to support e-commerce marketing using customer review data from
web usage big data sources. The proposed model allows forecasting initial sales and repeat
purchases via review analysis. The linear regression model was trained and evaluated on
real-world e-commerce review rating data, demonstrating its effectiveness in capturing
correlations between sales growth and review ratings
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1. Introduction

Customers’ purchasing habits have shifted toward e-commerce as a result of recent technological advancements, faster
delivery, and better review systems in Internet technology, which is an ideal platform for the socialization of e-commerce
applications [1, 2]. Big data from web usage can help competitive e-commerce businesses improve their analytical decision
making and intelligence strategies so that effective demand and sales prediction and supply chain management can be
designed [3]. The customers review analysis improves the performance of product sales prediction and it is the potential
step in the e-commerce business. The review section of ecommerce platforms contains Big Data with a huge volume of
customer-contributed comments, including feedback, reviews, experiences, and ratings regarding products that can be
analyzed for sales prediction [4, 5]. Large, globally popular e-commerce platforms such as Amazon, eBay, Alibaba,
Walmart, Shopify, and others are constantly launching initiatives to increase sales through customer experience, feedback,
and reviews [6, 7]. In e-commerce, customers cannot touch, feel, and interact physically with the products, so they have
concerns and doubts about the features, functions, and qualities of the products. Therefore, reviews and ratings of
products play a potential role in online shopping [8-10]. Nowadays, it is crucial for the e-commerce industry to analyze a
large number of credible product reviews in the form of Big Data from web usage so that customers can make purchasing
decisions based on review ratings [11].

As an illustrative method to promote the customers’ trust in products, the online review, rating, suggestion, and feedback
system has become a potential and distinguished department in e-commerce [12, 13]. E-commerce industries want
customers to be satisfied with their purchases, to have as few returns as possible, and to repurchase as frequently as
possible, so they try to provide online platforms that maximize product certainty for customers while balancing the
demand-supply ratio [14]. Product review ratings have appeared as potential information sources that influence pre-
purchase aspects of the products. The review analysis assists social media and community to improve perceptions of
online business [15, 16]. Review rating represents a valuable potential path to success for firms by analyzing customers’
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behaviors, attitudes, habits, and experiences with the products they used in real time and planning marketing strategies,
manufacturing, distribution, and overall supply chain management accordingly [17].
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Fig. 1. Detailed Review and Comment based Product Analysis

The products can be analyzed based on some particular factors (Figure 1) that are based on the detailed reviews and
comments by the customers, including:

« Client: Based on the reviews and comments, the target clients can be identified for the target market in ecommerce.

« Size: For proper supply chain management, the products’ portability and convenience can be predicted.

« Function: Review analysis can improve a product’s function, workings, and performance.

e Cost: In the competitive e-commerce market, cost is a critical factor. Analyzing the cost-related discussion and review is
always beneficial for product sales at an optimized price.

e Manufacture: The materials used in product manufacturing are always identified by the customers after utilizing them.
The manufacturing materials are associated with the quality of the products.

e Aesthetics: The aesthetics (looks, colors, themes) is importance factor that extremely reviewed by the customers.

« Safety: Safety features and risk factors are the crux of discussion in social media, and reviews are important to improve
product quality.

A potential customer deciphers between credible and non credible reviews, and finds out helpful and useful information
regarding the products that are to be purchased. The customer created information and opinions about products in the
review section of an e-commerce platform are the pathway for other customers, and they are more valuable and beneficial
than retailers’ or sellers’ descriptions or information [18].

The rest of this article is structured as follows: The importance of review ratings given by customers about products on an
e-commerce platform is presented in section II. section III discusses the related work about sales prediction using web
usage big data analytics of product reviews. The overview of the proposed linear regression-based model and the
illustrative computation are given in section IV. section V reports the simulation results of the proposed method, which
represent sales prediction. Finally, the conclusion and future directions of this research work are presented in section VI.

2. Importance Of Review Rating In E-Commerce

The most effective way to minimize customers’ concerns about the quality of a product is through review ratings that
influence the majority of customers in their online shopping [19]. If credibility is considered, then the review rating of the
product plays a critical role for e-commerce industries, and the popular brand name of the product does not matter. More
than 90% of online customers read the product’s review before deciding to purchase, so review-rating is a significant
factor in e-commerce [20-22]. Almost all the online e-commerce platforms facilitate a review section for products that
permits the customers to provide feedback, share their experiences, and write reviews. There are possibilities of fake
review also, false reviews can be a issue for online shoppers, as the growth of digital marketplaces has led to a rise in
misleading feedback aimed at attracting or deterring potential buyers [23]. The review ratings help other customers to get
clear details about the particular products before purchasing them. They can make their own decision about whether it is
worth shopping for or not [24].

There are several reasons for the importance of review ratings in e-commerce businesses; the Figure 2 depicts these major
factors as follows:

e Trust Building: The review rating builds trust in the product, and customers first look for reviews before putting it in
their online shopping cart. Positive reviews influence customers’ purchasing decisions because they place their trust in the
product and its brand.

« Better Perception of Product: Customers’ reviews for the products help others form perceptions or deep insights about
the product’s performance, flaws, benefits, and much more.
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« Product Issue Rectification: The issues related to products can be rectified using reviews. For a popular branded product,
if many customers are identifying and pointing out similar types of issues, then the manufacturer can rectify the defect to
resolve that issue. Customers’ reviews and feedback assist the manufacturer in detecting flaws in the products and
providing improvements.

« Social/Community Proof: The product reviews or testimonials from social networking sites are beneficial to promoting
the brand, which can attract many potential customers and grow sales.

I'rust Better Perception
Building of Product

Product Issue Importance of Social
Rectification Review Rating Community Proofl

Conversion Less Passibility of

Boasting Product Return

Fig. 2. Importance of Review Rating on Products in E-Commerce

¢ Conversion Boosting: Positive reviews by customers can enhance the product conversion rate effectively. The positive
remarks given by the customers encourage many other customers to purchase or repurchase that product.

* Less Possibility of Product Return: Products with positive reviews, feedback, and ratings may face fewer returns because
they have a large number of satisfied customers. After reading positive reviews, customers will be confident enough in the
product’s quality to purchase it.

3. Related Work

With the progression of Internet technologies, the habits of customers have changed. Online marketing and sales are very
common today and create a vast amount of data. Various researchers have proposed their methods to predict business
strategies using web usage big data analytics.

Wang et al. [25] suggested a big data analytical method for the transformation of customers’ record and data from several
sources into valuable information. The purchasing patterns of the customers can be predicted using segmented customer
records so that business strategies can be developed for appropriate marketing.

Hallikainen et al. [26] used big data analytics to manage business-to-business (B2B) customers’ relations and verified the
significance of big data analysis on the performance of customers relations and the emergence of sales using industrial
datasets. They investigated the impact of analytics culture on firm moderation. They found that big data analysis
considerably increased sales growth.

Zheng and Huang [27] examined data from the “Baidu Index” and the “360 Index” from January to October 2015 and
discovered a link between fresh energy vehicle sales and the network’s search index. Their outcomes present better sales
forecasting using network search indexing as compared to without indexing. In a real-world scenario,

Zhu et al. [28] proposed “Gated Recurrent Units neural network with Reinforcement Learning (GRURL)” for improving the
accuracy of car sale forecasting. Their proposed model integrates reinforcement learning with “Gated Recurrent Units
(GRU)” to optimize the parameters of network update in accordance with dynamic input data. Based on the previous data,
they applied a model to predict car sales in Yancheng City, China, and compared it with conventional deep learning
techniques.

Koochakpour and Tarokh [29] applied the profit from neural network capabilities to the “adaptive neuro fuzzy inference
system (ANFIS)” and “particle swarm optimization (PSO)”. This model uses both of these abilities and features to optimize
each component of the system so that it generates more accurate outcomes.

Lingxian et al. [30] proposed an integrated framework using a neural network and K-mean for the prediction of online
retail sales. They first used K-mean clustering as an unsupervised learning technique for the classification of UK retail data
and then used it as an auxiliary attribute to predict the model. Secondly, they used an innovative time sequence model
named “Long Short Term Memory” for the future prediction of online retail sales.

Aguilar-Palacios et al. [31] proposed a novel predictive model inspired by the know-how of commercial business analysts
and forecasters that would undertake the issues for the prediction of sales on a day-by-day basis. They used k-NN
technique, which generates interpretative and easily modifiable predictions. They integrated the feature selection with
prediction, accomplished by the cost function, which is reduced with a “non-negative least squares (NNLS)” solver. This
technique is supported by online learning, so the forecasting of sales is measured with the current available data, so it
avoids retraining the model.
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Hajek and Abedin [32] proposed “profit function maximizing inventory back-order prediction system” with the help of Big
Data analytics. Four basic steps are followed in their proposed approach: first, an improved variant of “clustering-based
under-sampling (CBUS)” technique is accomplished, which uses the k-means method for balancing inventory back-order
cases. Second, the profit-based classification measurement is determined, which estimates the profits and costs of
inventory back-order. Then, the training phase is started using machine learning algorithms using cluster specific
classifiers or balanced training datasets to increase data subset accuracy. Finally, a search process based on a genetic
algorithm is applied for optimization of the profitability measurement.

Kumari et al. [33] proposed a model for accurately predicting sales of the outlet’s items using a two-level statistical
method that minimizes the value of the mean absolute error up to 39.17%. The performance of the two-level statistical
method is proven to be better as compared to single predictive methods, and it contributes higher predictions to the Big
Mart dataset.

4. Proposed Method

The review ratings of a particular product are based on the feedback and opinions of the consumers. Due to the
importance of the review rating, many e-commerce industries maintain a review department on their system to permit
customer reviews, feedback, ratings, and experiences of the product they purchased online. There is a linear relationship
between rating and sales of the products, so review ratings help the customers form a certain opinion of the particular
product before purchasing it, and finally, the business model can be developed for the products. Table I represents the
review ratings of products by the customers on the e-commerce platform and their impact on business. The review rating
of the product determines the significance level, customers’ views on the product, business impact, and product
recommendation with repurchasing probability. The five-star-rated products are excellent, highly recommended, and
demanded products, and their repurchasing probability is greater than 80%. Similarly, the four-star-rated products are
also considered awesome, demanded, and highly recommended. Three-star-rated products are considered good, whereas
two- and one-star-rated products are of poor quality and have little market impact.

Table 1. Review Rating Of Products By The Customers In E-Commerce

Review Hating Custormers’ View on Product | Significant Level | Business Impact wecemumpnntion’
Repuchasing Probability

% % % % % | Excellent Product Highly Demanded | Highly Recommended Product | > 0.8

% % % % or | Awcsome Product Demanded Highly Recommended Product | 0.5 = 0.8

* % % ©r % | Good Product Demanded Average Market Impact 0.2 -0.5

* % 1r ¥r ¥r | Poor Quality Product Least Demanded Poor Market Impact 0.05 < 0.2

* 1 1 1r fr | Worst Quality Product Ignored Poor Market Impact < 0.05

For analyzing the online business model, the customers’ review analysis is an essential step. There is a linear relationship
between the customer’s product rating and the product’s repurchasing probability. The system model of this relation can
be expressed in mathematical equations based on Linear Regression. For the total number of reviews n, the mean value for
customer review rating of the product Rrev and product sales Sp can be calculated as
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Finally the prediction model as presented in Equation 4, where sales are predicted based on the review rating of products
by the customers as

FIJ =m [E] +c i4)

where c is the constant that represents vertical intercept in the linear relationship.

In this proposed model, initially the customers’ reviews and their corresponding sales records are given as the training
datasets to the Linear Regression model because product sales highly depend on the review ratings of products given by
the customers. The proposed sales prediction model is shown in Figure 3. The previous values (testing datasets) of review
rating and sales of products are provided to the Linear Regression model, which then creates a prediction model. Using
this model, sales can be predicted based on their corresponding review ratings, as higher-rated products are best suited
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for resale in an online e-commerce system. The higherrated products have a higher resale probability as compared to the
lower-rated products.
Presions Reeord

{Training Data) ( Test Data)

Review Ratings Revent Review
of Product. by Hatings of
the Custormers Produets
Y
Product Sales il Limear - Predietion
and Resales "1 Regression - Model
¥
Sales
Prediction
of Products

Fig. 3. Proposed Model for Sales Prediction

5. Result Analysis

The simulations were carried out using the Python programming language with PySpark (an effective framework for Big
Data) in the Linux operating system. The Big Data required for Linear Regression in this article is based on review ratings
of products and its corresponding sales is acquired from Kaggle (https://www.kaggle.com) containing datasets of e-
commerce customers review and rating. The Big Data required for Linear Regression in this article is based on review
ratings of products and their corresponding sales and was acquired from Kaggle (https://www.kaggle.com), which
contains datasets of e-commerce customers’ reviews and ratings. Figure 4 shows a heatmap of review-rating-based
product sales, as well as a confusion matrix visualization of review rating and product sales. The review ratings were taken
from 1 to 5, with an interval of 0.5.

Heatmap of Rewiew Rullng_ based Sale=s

1060
0.89 l
0.89

Reswimwe Rating

Fig. 4. Heatmap of Review-Rating based Sales

The Figure 5 represents the result of a linear regression model for sales prediction, where the red line represents the best
fit regression line (the least error line). Based on the review rating of the product, sales predictions can be estimated using
this model.

Limear Hegressiom Model bor Sales Prediction

L

Heview Rating by Costoamers

Fig. 5. Linear Regression Model for Sales Prediction

6. Conclusion and Future Direction

Many markets and businesses are based on online shopping (ecommerce), and customer satisfaction is the key to business
success. Customers who are satisfied leave positive reviews, which can help increase product sales. This article presents a
Linear Regression analysis-based model to predict product sales using its review ratings. The other factors, such as
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customer sentiments, discussion in social media, and fake reviews, also impact e-commercebased product sales. Deep
learning and natural language processing techniques can also be used to extract deep insights from Big Data. R
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