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Abstract- E- shopping most preferably called as Online shopping has become a trend-setter in today’s business sector
especially during this medical pandemic (COVID- 19). Due to the fear of this life sucking disease, most of the people
around the world have changed their lifestyle from physical shopping to online shopping. People find it easy to surf the
products that they are looking for in the shopping site and use their Net-banking (or) Google Pay linked with their bank
account to make the payment. But thinking from the vendor’s point of view, the job is not so easy as we think. The vendor
has to keep records and analyze the action of every customer opening the site. Based on the database that holds the
activity of every user in the site, the vendor has to provide product suggestions for the customers when they visit the site
next time. A classification algorithm named Adaptive kNN is implemented to provide the relevant recommendations to
the customer so that they find it easy to complete their shopping as quickly as possible. The paper is reported in a
comparative manner of two algorithms namely Random Forest and Adaptive kNN. Alongside, ensemble techniques were
also used to evaluate the performance measure of both the algorithms. For the dataset that we applied, the proposed
algorithm shines out with an accuracy of about 91.87% in the line of customer intention prediction
Keywords – E- shopping, Online Business, Product Recommendation, Accuracy, Classification, Ensemble Techniques.

I. INTRODUCTION
Having a look at the past, internet was not much popular among people. But now, in today’s techno world, internet
and smart phone has become a basic need in human life to survive. From going browsing centers to seeing the whole
world in our single hand via smart phones, internet has given our lives a rapid change over. Especially in the concept
of Online shopping, people find it comfort to purchase all the products sitting at one place than roaming the whole
city to get the best products. Online shopping has technically arisen from the word Business to Consumer
communication. The use of smartphones and the internet has become a mandatory need in one’s life to survive. The
increase in use of internet has eventually given way to many online businesses. People either go for browsers or
smart phones to surf the products they need and make their payments either with debit card or Net banking services.
The visit to online shopping sites has almost raised to about 22 billion in June 2020 from 16.07 billion visits in
January 2020 [1]. As of 2020, online shopping sites has the biggest share of online purchases across the world and
Amazon stands the leading online retail website [2].
Convenience in using the site, bulk number of products, easy exchange of items if damaged or misplaced, and the
reviews given for each product that is purchased stand behind the success of online shopping [13]. How the
customer feels while using the site is very much important for increasing online sales. If the customer is not
comfortable in accessing the site, then it greatly affects the marketing of that particular online shopping site.
Predicting the purchase intention of the buyers is quite challenging because there will be no individual conversation
between the vendor and the buyer [3]. To improve marketing and sales, understanding the customer’s behavior and
providing relevant suggestions is much more important. These product recommendations can be done efficiently by

Volume XIII, Issue 6, 2021

Page No: 852

Journal of Xi'an University of Architecture & Technology

ISSN No : 1006-7930

examining the purchase history of each customer as well as the database containing the action of each customer
while using the site.
The vendor maintains the database of every customer visiting the site. The database contains the record of the pages
that the customer has just made window shopping, the pages where the purchase was made, the pages whose links
are copied by the customers to share with others, and the products that the buyer adds to the shopping bag. The
Purchase history database includes [12] the product’s unique ID, name, quantity, reviews of that particular product,
mode and time of payment, shipping charges, and the delivery date.
In the field of machine learning and data mining, purchase prediction with the help of empirical data of buyers has
become an emerging area of research.

Figure 1. The flow of online shopping

In this paper, experimentation is done with the help of a classification algorithm alongside an ensemble approach to
boost up prediction accuracy.
The upcoming topics of this paper is organized as Literature Survey in Section 2, Proposed methodology in Section
3, Experimentation in Section 4, Result Analysis and Conclusion in Section 5 and 6.
II. RELATED WORK
Humphrey Sheil et.al proposed a twin tasking approach of user classification and content ranking in e-commerce
done using a non-restrictive dataset. Gradient Boosted Machine (GBM) is a straightforward idea to train as it
ceaselessly extends an ensemble of classification and regression trees (CART) to foster judgment on unseen data [5].
New trees are continually added throughout the training to stronger the objective function and for correcting the
flaws made by the initial trees. The features are calculated and are saved in LIBSVM (label: value) format which is
used by GBM to mould a forest of CART trees. In all the experiments done, GBM performed compatibly well that
the outcome attained depends greatly on feature engineering than algorithm improvements.
Aida Mustapha conducted experiments to help the businesses in understanding their customers much better so that
marketing can be increased [6]. Naive Bayes algorithm was implied to categorize the customers based on the
variables in the dataset. The case study was carried on java based open-source software named RapidMiner and the
datasets are downloaded from UCI Repository. It has been encountered that during data preparation, interpretation
and evaluation of the model, the analysis is quite time consuming and crucial.
Jitendra Kumar Jaiswal used Random forest algorithm to analyze the selection of feature subset [7]. The work is
implemented using R language with Borusta and randomForest packages. The dataset used is taken from UCI
Machine Learning Repository (Chronic_kidney_disease data). The packages used depends on wrapper algorithms
and top-down technique is implemented to evaluate the feature. Though the random forest algorithm performs well
on classification basis, it consumes huge time for larger datasets.
Fatemah Safara analyzed two approaches for predicting the consumer behavior namely statistical approach and
machine learning approach [9]. Correlation among features is evaluated in statistical approach whereas in machine
learning technique, a predictive model is constructed. The dataset used for both the approaches is taken from
DigiKala online shopping site. Weka 3.8.1 software is used for machine learning way of classification and Python
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Anaconda for correlation analysis. However, the prediction models are constructed without the features that gets
affected from COVID- 19.
K. Maheswari discussed about SVM method of classifying the customer behavior that uses multi-dimensional
hyperplane. The experiment was done using an inventory dataset with six attributes in R software with e1071
package. The customers are clustered based on their frequency in visiting the site, number of items purchased,
product id and so on... After applying SVM classifier [8] to the dataset, the result is generated using the histogram
graph. More in- depth analysis of the algorithm and comparison with other methods would have made this study
much precise.
Michael Shekasta came up with the Purchase Intent Session- bAsed algorithm to know the buying intention of
customers who has not made any purchase before. The algorithm performs well [4] on imbalanced datasets and also
has better performance. A proprietary dataset containing events and item catalogue is taken into account that
provides recommendations for both registered and guest users. The approach is super effective when goes in
combination with classic user- item recommendation systems but less effective in case of small datasets.

II. PROPOSED ALGORITHM
The study is designed in a way to analyze and compare the prediction accuracy of two classic classification
technique. First and foremost, the pre-processing of data must be done to use the dataset. Pre- processing of data is
the common step that was carried out in both the algorithms. Removing unwanted and missed data, replacing data
into standard format is the process of data pre-processing. The remaining steps mentioned in Fig.2 are explained in
the algorithms below.

Figure 2. Study Framework

3.1 Random Forest Algorithm –
Random Forest algorithm involves a collection of trees that finally produces a correlated decision tree based on
prediction. Each tree in the Random Forest is considered to be an ensemble model [10]. Every tree produces a result
and the final output is brought up by the voting technique. Since all the trees join as a group and produce the final
result, the efficiency of Random Forest is based on the strength of each tree and the correlation between them [11].
Number of attributes a node has and the total number of trees stands the basic parameters of this algorithm. Overall
rating of Random Forest algorithm can be evaluated by considering the accuracy rate. Working of Random Forest can
be split up as two phase- Creating Random Forest by combining N trees and then calculating predictions for each tree
[14]. Working steps in Random Forest algorithm is as follows:
Step 1: From the training set, select the data points and build a decision tree for each data point.
Step 2: Repeat step 1 for all the data points.
Step 3: Find predictions for each tree and update the tree with new data.
3.2. Adaptive kNN Algorithm –
In oftentimes, kNN algorithm is applied for text categorization. The algorithm depends on standard vector space
framework. Even distribution of training samples among different classes is the assumption of classic kNN
algorithm. Text similarity is first evaluated using which the text to be tested is determined. k texts which are similar
to the text that needs to be classified is identified and then compared with the training data. Though kNN algorithm
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is quite simple and the implementation process is also easy, the selection of k and the similarity measure decides the
success of the algorithm. An improved kNN algorithm named Adaptive kNN is proposed that has the focus on
identifying the suitable k value to get a possible class label for each test sample. To increase the expected accuracy
rate, Adaptive kNN dynamically choses k for each point. To tell this in theoretical manner, the value of k must be
identified for each point so that expected accuracy would be exp_acc(p,k)= max{exp_acc(p,k) | k € Range}.
Initially, the values of opt_k and max_acc is initialized so that during first iteration, they can be rewritten with the
corresponding values. For a point p, k value with highest expected accuracy rate for the corresponding iteration is
stored in opt_k variable and the value of highest expected accuracy is stored in max_acc variable. For every ‘k’
value, the candidate accuracy rate is computed and compared with the highest expected accuracy rate that was
obtained during previous iteration. The algorithm repeats this process till k € Range and at the final iteration, the k
value will be assigned with highest expected accuracy. The final phase of the algorithm would be applying the
obtained highest k value to the classic kNN algorithm and as a result, an appropriate class will be assigned.
IV. DATASET AND EXPERIMENTATION

In our experiment, purchase history of a supermarket has been taken as the dataset. The dataset was collected for
nearly 3 months period that consists of nearly 1000 records of the users who has made their purchase through online
and the summary of the dataset is shown in Fig 3. Each row in the data file describes the session data of one customer.
The dataset involves invoice ID, Branch name, City, Type of Customer, Gender, Product category, Price per unit,
Quantity, Tax of 5%, Total amount, Date and time of purchase, Payment method and Rating and Gross income. The
dataset has to be pre-processed first to replace all the categorical values with numeric values. Data filtering and data
tagging is the process involved in data pre-processing stage. Data filtering is done to filter out the cases that are
needed to perform the calculation from the entire dataset. In data tagging, unwanted, missed and uneven data are
removed and the similar data are sorted out and grouped with a name tag.

Figure 3. Summary of the dataset

Classification algorithms are then applied on the dataset to predict the performance of each algorithm and that is the
reason of pre-processing the dataset in the first step. To train the classification models, 85% of the total data points is
taken into account and for calculating the performance of the models, 15% of the data points is taken. The
experiments were carried out on a machine that has Intel Core i3 processor with 8GB RAM. MATLAB software with
Java Programming Language is used to implement this study. For each of the model, evaluation metrics involving
accuracy, precision and recall have been calculated for comparison. Test datafile is the dataset that is used for
evaluating the performance. Data in the test datafile should be properly labeled because those labels will be compared
with the labels that are predicted from classification.
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Different classification algorithms and ensemble techniques have been applied to the data and the performance of
each approach is eventually analyzed. Accuracy, Precision, Recall stands the basic evaluation metric of analyzing the
performance of any classification algorithm. The following content gives the explanation about each of the evaluation
metrics.
For a given input data, the binary classifier generates either Yes/ No and 1/0 as the output. Prediction of “Yes” and
“1” is considered to be positive while “No” and “0” is considered to be negative. Four outcomes generated as the
result of binary classification is used to form the confusion matrix.
1) Test cases that are positive at the base and are correctly evaluated as positive is said to be the True Positive rate.
2) Test cases that are negative at the base and are shown as positive during classification is the False Positive rate.
3) Test cases that are negative at the base and are correctly identified as negative is said to be the True Negative rate.
4) Test cases that are actually positive and are evaluated as negative during classification is the False Negative rate.
To determine how well the algorithm predicts the data points correctly out of all the data points, accuracy stands
one of the best methods. Adding true predictions of the dataset and dividing it by the total dataset gives the accuracy
percentage of the classification. 1- ERR i.e., 1- Error Rate is another way of evaluating accuracy. Fig 4 pictures the
accuracy rate for both the algorithms.

Accuracy= Sum of true predictions / Sum of input predictions

(1)

Dividing the true predictions of positive classes to the sum of all the predictions of the positive class gives the
precision value of the algorithm.

Precision= True Positive predictions / Sum of true and false positive predictions

(2)

Among all the actually positive cases, how many of them were correctly predicted as true predictions gives the
value of Recall.

Recall= True Positive predictions / Sum of actual positive cases

(3)

V. RESULT
Performance indicators has been calculated for the two classification algorithms namely Random Forest and Adaptive
kNN which is pictured in the below figures. Results are generated for the individual classifiers and also for their
ensembles like bagging. The classification results for consumer behavior are pictured in the Fig 4.

Figure 4. Result of individual classifiers
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Among the two classifiers analyzed, Adaptive kNN stands the highest in terms of accuracy and also for other
evaluation metrics like recall and precision. In the Bagging concept of supervised learning, the learners are trained in
parallel in order to enhance the accuracy of weak classifiers which is shown in Fig 5. In the Figures 5, 6 and 7, Blue
color line indicates the level of Adaptive kNN and red line indicates the level of Random Forest algorithm.

Figure 5. Accuracy level after Bagging

Precision and Recall results of the two classification algorithms are depicted in the Fig 6 and 7. On the whole,
Adaptive kNN ensembled with Bagging gives the best prediction results.

Figure 6. Precision level after Bagging
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Figure 7. Recall level after Bagging

VI. CONCLUSION
In this paper, two different classification algorithms have been analyzed to identify the performance by using the
session data of the customers in a supermarket. The main focus of the work is to predict the purchase intention of the
clients visiting the site and evaluating their accuracy in percentage. From the experiments carried out so far,
Adaptive kNN with Bagging stands the best in predicting the intension and also with the accuracy level of 91.87%.
The next plan of the work will be using a very large dataset and also finding another efficient algorithm to get
combined with Adaptive kNN to increase the accuracy level than that is achieved now.
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