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Abstract 

The crucial challenge of online shopping is to study 

and analyze the behavior of the buyers. The success 

of business is to know the requirement of the 

customer and providing the good offers in the right 

time. The development of the Internet usage is 

enormous. Therefore changes in the people mind 

leads to traditional buying behavior to online 

purchase. The younger generation focusses more on 

online shopping. It increases the online sales 

drastically every year. The focus of this study is to 

propose the novel Tuned Decision Tree Predictive 

model to analyze the customer behavior in online 

shopping. The proposed model Tuned Decision Tree 

Predictive model gives the accurate result and 

therefore prediction quality is certainly improved. 

The performance of proposed model is compared 

and validated with several online shopping data sets. 

In this work novel tuned decision tree predictive 

model is proposed and evaluated to analyze and 

rightly predict the customer behavior and therefore 

to optimize the Business outcome. 
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1.  Introduction 
In early days, the online shopping is used to buy the 

limited items by the customers. The life-style of the 

people is not allowing them to spend time to buy the 

required items through traditional shopping. Owing 

to their busy schedule, most of them like online 

shopping to purchase the items like electronic items, 

furniture, books and dress are purchased using 

online shopping mode. The online shopping 

becomes very competitive today because of the 

involvement of multiple vendors in the business. 

Many vendors involved in the online shopping and 

they are spending lot of money to improve their 

online business to understand the customer online 

shopping behaviour. The item is available in 

multiple sites with different cost. To find the best 

offered cost of the item, people use to visit multiple 

vendor sites, and they will decide to buy the item 

with low-cost and good service. To improve online 

shopping, the online owners shown interest to find 

potential buyers based upon their transaction history 

and the number of time the web page is visited by 

the customer. The customer purchase behaviour is 

analysed based upon many factors such as the 

number of web page clicks, duration of the session 

and number of clicks per session. 

 

2. Related Work 
Agrawal et al. (1993) studied and described that in 

the recent past the exploratory analysis, in particular, 

of large sets of market basket data has become the 

topic of pertinent research due to number of 

publications and survey in market basket analysis. 

Peter Spiller and Gerald Lohse (1997) presented, a 

classification of on-line retail stores based on the 

convenience sample of 137 Internet retail stores. 

 

Cluster and factor analysis identified five distinct 

web catalogue interface categories, which provide a 

better understanding of the strategies pursued in 

Internet-based marketing. According to Russell and 

Petersen (2000), market basket analysis focuses 

upon the decision process by which a consumer 

selects items from a given set of product categories 

on the same shopping trip. It aims at the 

identification of interrelations between choices of 

different products purchased in a specific retail store 

such as a supermarket. The targeted advertising is 

one of the important research domains in online 

shopping where the retailers used to promote the 

business by providing the good offers to the 

customer to improve their business. However, they 

are finding very difficulties to understand the data 

and current technology and the recent development 

of data analytics. Identifying excellent customer and 

offering valid promotions to them will do by 

developing good prediction model using data 

science methods. 

 

This work focuses on proposing the novel data 

science model such as tuned decision tree predictive 

model to analyse customer behaviour in the online 

shopping. Syed Riaz Ahmed (2004) discussed the 

data mining applications in the online shopping and 

its advantage and disadvantage on customer 

segmentation analysis. In retail business, the data 

mining is a powerful tool for increasing customer 

satisfaction, and provides best, safe and useful 

products at reasonable and economical prices. Wang 
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and Hong (2006) described that the changes in 

customer behaviour results in unpredictable 

customer profitability and cause inefficient and 

ineffective marketing planning. So the authors 

describe a customer profitability management 

system by using data mining techniques to achieve 

marketing goals. 

 

Wang and Wang (2006) explained that the 

purchasing sequence was important to understand 

the behaviour of the customer. The discussion also 

specifies the importance of data mining in the field 

of online product stores. Doran Patrick (2007) 

describes that the Business Intelligence (BI) systems 

have an important role to play in assisting retail 

management in the Irish grocery retail sector. The 

research presents the findings from the survey of the 

usage of BI systems currently within the Irish 

grocery retail sector. The findings indicate that retail 

managements are not getting the information and 

reports to make effective decisions and thus 

information architecture was developed for different 

end user perspective and has numerous applications 

to retailers. 

 

Buckinx et al. (2007) enriched the customer 

database with a prediction of customer’s behavioural 

loyalty so as to develop it for target marketing. 

Horng-Jinh et al. (2007) discussed cluster analysis 

and association rule mining model to identify the 

interesting customers based upon their purchasing 

history. Sung (2007), proposed a segment-based 

knowledge inference method that is used to find and 

derive the patterns like individual transition paths 

and to know the net path on which the customer is 

likely to move. 

 

Product perspective’s patterns of the retailers were 

discussed using integrated data mining methods (Yu 

and Wang, 2008). In the first stage the authors use 

K-means algorithm to classify the customers and 

products according to their demographic data to 

predict their return patterns. In the second stage, they 

have performed the association mining process 

across customer, product, and marketing strategy 

dimensions. 

 

Hsieh and Chu (2009) proposed behavioural scoring 

model to understand the behaviour of credit card 

customers in a bank. The repayment behaviour was 

discussed using a self-organizing neural network to 

identify groups of customers. The bank customers 

are categorized into three important groups and 

analysed by customer’s feature attributes using an 

Apriori association rule indicator that further 

facilitates marketing strategy development. Shu-

Hsien et al. (2008) develop a relational database and 

proposed Apriori algorithm and K-means as 

methodologies for association rule and cluster 

analysis for data mining, which is then implemented 

to mine customer knowledge from household 

customers. Knowledge extraction by data mining 

results is illustrated as knowledge patterns/rules and 

clusters in order to propose suggestions and 

solutions to the case firm for product line and brand 

extensions and knowledge management. 

 

Nagi et al. (2009) provided a comprehensive review 

of literature related to the data mining methods to 

CRM published in academic journals between 2000 

and 2006. The papers were categorized on CRM 

dimensions and seven data mining functions 

(Association, Classification, Clustering, 

Forecasting, Regression, Sequence Discovery and 

Visualization) and the findings of their paper 

indicate that the research area of customer retention 

received more recent attention where most of these 

are related to one-to-one marketing and loyalty 

programs. Furthermore, the classification and 

association models were found to be the two most 

commonly used models for data mining in CRM. 

Fang and Lee (2009) have collected 565 valid 

responses in the questionnaire distributed and then 

using two-step cluster analysis; four distinct food-

related consumer life style segments were identified, 

and the segments differ in their attitude and 

behaviour towards food consumption. Further the 

profiles of the segments are achieved by observing 

the socio-demographic characteristics of typical 

segment members. Sheu et al. (2009) contributed to 

integrate data mining and experiential marketing to 

segment online game customers. The authors first 

located and modified the important influential 

factors and then by applying the techniques of 

decision tree data mining, they have explored the 

potential relationship between these factors and 

customer loyalty. 

 

Irko et al. (2009) describe that the customer 

segmentation is typically done by applying some 

form of cluster analysis to obtain a set of segments 

to which future customers are assigned to. The 

authors have presented a system for customer 

segmentation that accounts for the dynamics of 

today’s market. The proposed system provides 

detailed knowledge about how customer behaviour 

evolves over time. 

 

 Romdhane et al. (2010) describe that data mining is 

a new emerging discipline that aims at extracting 

knowledge from data using several techniques. Data 

mining proved to be useful in business where 

transactional data turned out to be a mine of 

information about customer purchase habits. 

Therefore, developing customer models is an 

important step for targeted marketing. 

 

 Mazumdar (2010) discussed the use of data mining 

techniques like vector quantization based clustering 

algorithm for meaningful segregation of the various 
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customers based upon their RFM value and 

‘Apriori’ based Association rule mining algorithm to 

find out relationships and patterns among the 

purchases made by the customers over several 

transactions. Venkatesan et al (2015) discussed the 

usage of Delaunay diagram for building good 

predictive model for data analysis. 

 

3. Proposed Model: Customer Behaviour 

Predictive Model 

3.1 Customer Behaviour Analysis 
Among all the different Internet usages, online 

business has become one of the most popular and 

important activities. There are various types of 

businesses, for example, consumer to consumer, 

business to business, and business to consumer. 

There are also new trends in online shopping 

business coming up frequently such as group 

purchase. The online transaction value continues to 

grow over years. Marketers personalize 

communication, offers and content to differentiate 

from the other competitors and to make customers 

feel unique and special. This strategy encourages 

customers to spend more time and money on the 

Internet. Companies rely on various analytical 

methods to understand the consumer behaviour and 

to increase their sales. The goal of any marketer is to 

offer customers with products and services they 

need, and they look for. To do that, they need 

specific details about customers in general, and 

sometimes it needs in-depth particularities about 

their behaviour. All levels within the organization 

must develop a coherent and clear view of the 

customer as they engage across the business.  

 

Web analytics provided invaluable insights about 

the behaviour of visitors and consumers. The aim of 

the proposed model is to understand customer 

behaviour using the predictive data analytics model. 

The result shows that through the use of analytics, a 

company can predict the future consumer behaviour 

and tailor specific messages and promotions sent to 

each individual. 

 

3.2 Predictive Models 
The combination of classification and prediction 

models contributes toward the development of 

predictive analytics. The trends of online shopping 

and customer behaviour are analysed using 

predictive models. Customer analytics enables 

marketers to predict future performance sales on 

specific predefined variables and increases the 

potential of the business online. Rapid decision 

making will increase in speed and effectiveness in 

the future as tools and information become more 

easily accessible. 

 

  

Customer analytics and data visualization are 

becoming mainstream in the business online, 

providing tools to remain competitive. Most 

businesses online experience better customer 

satisfaction and retention, as well as an increased 

ability to complete targeted marketing and to create 

additional sales opportunities with existing 

customers. 
 

Figure 1. Customer Behaviour Predictive Model 

  

The figure 1 shows the steps involved in the customer 

behaviour predictive. The customer web log data will be 

considered as input for the process. The important 

features will be extracted using feature selection method 

like rough set. The predictive model is built on the 

selected feature to extract the customer behaviour 

patterns to improve the business. 

 

3.3 Tuned Decision Tree Prediction Model 
Data mining classification approach is used to predict 

the class label by using training data set. Classification 

approaches are categorized into Decision Tree, Back 

propagation Neural Network. Support Vector Machine 

(SVM) Rule based Classification and Bayesian 

Classification. Decision Tree (DT) approach is used to 

analyse the data in the form decision rules. The recursive 

splitting method is used to build the tree. It has root 

node, internal nodes, and leaf nodes. The root node 

consists of the input data. An internal node has many 

branches and is related to a decision. A leaf node 

presents the output of a supplied input vector.The aim of 

building DT is to discover the number of decision rules 

that are used to process the pattern's outcome from a set 

of input variable DT was one of the mostly used 

prediction models to analyse the real-time data set.The 

existences of complex relationship between variables 

are easily modelled using decision tree approach. Its 

main advantage is handling presence of continuous and 

categorical attributes in data sets. The drawback of the 

model was it won't generate the reliable patterns for the 

case of noisy and missing data. In general, decision tree 

classifiers have good accuracy..  
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During the tree construction attribute selection 

measures are used to select the attribute that best 

partitions the tuples into distinct classes. Popular 

measures of attribute selections are information 

gain, gain ratio and gini index. The highest 

information gain attribute is selected as the splitting 

attribute.  

Info( D) 

 

n 

p log 

 

p 

 

 

z 

 

 

i 

 i  i  

         

 v D      

Info A ( D ) 
  j  

Info ( D) 
 

 
D 

  

j  1 

      

        

The term D J acts as the weight of the jth partition. 

InfoA (D) is the expected information required to 

classify a tuple from D based on the partitioning by 

attribute A. The partition purity is good if the 

expected information is smaller. In the proposed 

tuned decision tree, the splitting measure 

information gain is tuned by introducing bias 

parameters which is used to give importance of the 

attribute in the prediction process to the information 

gain of the attribute is modified as follows: 
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Gain (A) tells us how much would be gained by 

branching on A. it is the expected reduction in the 

information requirement caused by knowing the 

value of A. The splitting attribute is selected based 

upon the attribute which has the highest information 

gain. It helps to partition the data and generate good 

decision rule patterns. The tuned decision tree 

prediction algorithm: 

 

Algorithm : Tuned Decision Tree Prediction 
 

Input : Customer behavior dataset CTD; 

Attribute A; Bias ba 

 

Output: Tuned Decision Tree TDTree 

 

Step1: if CTD is NULL 

then return 

failure 

 

end if 

Step 2: if A is NULL then 

 

return TDTree as a single node with 

most frequent class label in CTD 

end if 

Step 3:if |A| =1 then 

 

return TDTree as single 

node S end if 

 

Step 4: Set 

TDTree={} Step 

5: for a A do 

 

Step 6: Set Info(a,CTD) =0, 

and SplitInfo(a,CTD) = 0 

 

Step 7: Compute 

Entrophy(a) Step 8: for v 

values ( a, CTD) do 

 

 Step 9: Set CTDa , v as the subset of  

CTD with attribute a   v      

 Step 10:          

   CTD        

Info( a, CTD ) 

 a , v 

Entropy ( a )*b 

  

     

   CTD   v a   

     a       

 Step 11:          

     CTD CTD   

SplitInfo ( a , CTD ) 

  a , v 

log 

a , v 

*b 

 

     

     CTD CTD a  

       a  a   

 end for          

Step 12:           

Gain( a, CTD)   Entrophy ( a )   Info( a, CTD)    

Step 13:           

GainRatio ( a , CTD) 

Gain ( a , CTD)      

SplitInfo ( a , CTD) 

    

      

end for           

Step 14: Set abest    arg max{GainRatio( a, CTD)}    

Step15: attach abest into TDTree       

Step16: for 

v   values ( a  CTD ) do     

 best,         

Step17:Tuned Decision Tree( 

T    

a , v )    

 

End for 

Step17: return 

TDTree 
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Tune classification assigns different importance 

degrees to different customer behaviour data. In this 

paper, the bias is assigned to the different behaviour 

factors in order to represent the relative importance 

of each factor. 

 

4. Experiment and Result Analysis 
Millions of consumers visit e-commerce sites, but 

only few thousands visitors may buy the products. 

The main aim of this study is to analyse the customer 

buying behaviour using various factors like product 

delivery time, price on the item and time duration to 

be used by the customer in the web page as shown 

in table 1. The customer behaviour prediction model 

patterns always depends on customer activity in the 

website such as the number of clicks, session period 

and etc. Using the tuned decision tree prediction 

model, the customer buying response is predicted 

using the vendor service, and it is presented in Fig. 

2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Customer buying response based on 

the vendor service 

The customer behaviour prediction model helps the 

retailer to optimize the marketing strategy based 

upon the customer interest at the right time.  

 

The price of the item plays major role in the 

prediction of customer buying behaviour analysis as 

shown in figure 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Customer buying behaviour based 

on vendor and price 

In this work, the tuned decision tree prediction 

model is proposed to analyse the customer buying 

behaviour. The number of prediction models are 

existing on the market. The figure 4 shows that, the 

proposed prediction model accuracy better than the 

existing prediction model. The tuned decision tree 

prediction model is developed using R 

programming, and the performance with the model 

are tested with synthetic customer behaviour data. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Figure 4. Performance of Tuned Decision Tree  
Prediction Model. 

Table 1. Sample Vendor and Price Data 

  VENDOR  

PRIC FLIPCA EBA AMAZO SNAP 

E RT Y N DEAL 

20 19 20 19 18 

25 24 25 25 23 

30 29 30 30 28 

40 39 40 40 38 

45 42 43 44 42 

50 49 50 50 47 

55 54 54 54 52 

 

Table 2. Customer Buying Response 

Summarized data 
 

Service by Customer Buying 

Vendor Response 

DELIVERY  

ON CASH 56 

GOOD  

PACKING 49 

DELIVERY  

ON TIME 45 

LOW  

PRICE 60 
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Behavioural knowledge on whether and in what way 

consumers buy distinct products online will impact 

the marketing strategy, buying procedures and 

design of online or e-retailers dispensing products 

and services through the Internet. Discriminating 

against product and customer segments with specific 

high or low likelihood to purchase online might 

decide whether retailers amplify their present 

allotment channels to supply online product 

information and / or shopping services to their 

customers.  

 

5. Conclusion 
Every company needs to stay competitive by using 

analytics for understanding their customers.  They 

need to adjust the content, design and advertisement 

to better serve their target personas. The capacity to 

identify the wealthy customers in their purchasing is 

deeply affected by the perceptions acquired the 

moment before the buying decision is made. Hence 

to escalate a predictive decision making solution 

close to a specific product or services would be 

greatly effective to rise ROI, conversion and 

customer happiness. In this work novel tuned 

decision tree predictive model is proposed to 

analyse the customer behaviour to improve the 

business. The performance of the proposed model is 

compared with existing predictive model and 

validated with the real-time data set 
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