
 
International Journal of Web Based Communities
 
ISSN online: 1741-8216 - ISSN print: 1477-8394
https://www.inderscience.com/ijwbc

 
A deep mining method for consumer behaviour data of e-
commerce users based on clustering and deep learning
 
Jing Li
 
DOI: 10.1504/IJWBC.2023.10048320
 
Article History:
Received: 04 June 2021
Accepted: 25 November 2021
Published online: 20 January 2023

Powered by TCPDF (www.tcpdf.org)

Copyright © 2023 Inderscience Enterprises Ltd.

https://www.inderscience.com/jhome.php?jcode=ijwbc
https://dx.doi.org/10.1504/IJWBC.2023.10048320
http://www.tcpdf.org


   

  

   

   
 

   

   

 

   

   2 Int. J. Web Based Communities, Vol. 19, No. 1, 2023    
 

   Copyright © 2023 Inderscience Enterprises Ltd. 
 
 

   

   
 

   

   

 

   

       
 

A deep mining method for consumer behaviour data 
of e-commerce users based on clustering and deep 
learning 

Jing Li 
Puyang Vocational and Technical College, 
Puyang 457000, Henan, China 
Email: jingli@36haojie.com 

Abstract: The data mining accuracy of e-commerce users’ consumption 
behaviour is low and the data clustering effect is poor, so a deep mining 
method of e-commerce users’ consumption behaviour data based on clustering 
and deep learning is proposed. The consumption behaviour data are divided 
into simple type, deterministic type, habitual row type and preference type 
through the user’s web browsing log, and the features of the consumption 
behaviour data are extracted. The centroid and class spacing of behaviour 
characteristic data are obtained according to the actual distance between the 
behaviour characteristic data points. The behaviour data deep mining model is 
built based on the small wave neural network and the deep learning algorithm, 
and the optimal solution of the model is thus obtained by the gradient descent 
method, so as to realise the deep mining of the consumption behaviour data. 
The results show that the accuracy of the proposed method is up to 97%. 
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1 Introduction 

With the continuous and in-depth development of electronic information technology,  
e-commerce and other online enterprises suddenly emerged. The competition among 
various e-commerce enterprises is increasingly fierce (Li, 2020). With the white-hot 
development of competition, the consumption behaviour of its potential users has also 
changed greatly. E-commerce users make comparisons among massive e-commerce 
products and then make targeted choices based on their cost performance. The 
consumption behaviour of e-commerce users is an important factor affecting the  
long-term development of e-commerce enterprises (Arain et al., 2020). Therefore, the 
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consumption behaviour of e-commerce users becomes an intangible asset in the 
competition of e-commerce enterprises. The economic profits of e-commerce enterprises 
can be effectively improved by understanding the consumption behaviour of e-commerce 
users and adjusting the development trend of e-commerce enterprises according to their 
consumption habits. Therefore, the analysis of data about e-commerce users’ 
consumption behaviour is the key for e-commerce enterprises to remain invincible 
(Porretta et al., 2018). Therefore, researchers in this field have mined the data of users’ 
consumption behaviour and made some achievements. 

Wang et al. (2020) proposed a clustering-based method for mining e-commerce users’ 
consumption privacy behaviour. This method first determines the privacy of consumer 
behaviour data from electricity users, then the user consumption behaviour of web log 
data preprocessing, with the help of related algorithm to determine the user data about 
consumer behaviour, the similar degree between then according to the related algorithm 
in clustering algorithm rules set mining, implementation of user behaviour data mining. 
This method is highly efficient in data mining, but is no effective in classifying the 
relevant behaviour data, with the problem of low mining accuracy. Zuo et al. (2019) 
proposed to design a data mining model of multi-attribute behaviour of network 
consumers based on the prospect theory. In this model, the current development status of 
e-commerce is firstly analysed, and the purchasing process of e-commerce users is 
effectively analysed with the help of the prospect theory and fuzzy multi-attribute 
decision-making method. On this basis, the value function, weight function and prospect 
function are improved, and the user behaviour data are used to make decisions through 
these functions, and the e-commerce network word-of-mouth data are quantified to 
complete the design of the mining model of e-commerce users’ consumption behaviour. 
This method is good for analysing the consumption process of e-commerce users, but it 
takes little account of the consumption behaviour data of consumers and has low data 
mining accuracy. Zhang et al. (2020) proposed the research on the data mining method of 
user consumption behaviour based on multi-dimensional behaviour analysis. This method 
converges the browsing data of e-commerce users to form a multi-dimensional data 
sequence. With the help of unsupervised feature selection, features in the above sequence 
are extracted. Then, similarity network is constructed based on similar feature data, and 
user behaviour data are divided and clustered to complete data mining. This method has a 
good clustering effect on user behaviour data, but is relatively complex in operation 
process and is low in work efficiency. 

In order to solve the shortcomings of the existing methods, this paper proposes a new 
method for in-depth data mining of e-commerce users’ consumption behaviour. The 
technical route of this method research is as follows: 

Step 1 Divide the consumption behaviour data of e-commerce users into simple data, 
deterministic data, habit data and preference data through users’ web browsing 
logs; map the data of users’ consumption behaviour into different dimensional 
Spaces, and extract the data features of e-commerce users’ consumption 
behaviour with the help of decision function. 

Step 2 Determine the behaviour data through association rules algorithm for association 
rules, and determine the same correlation degree between user behaviour data 
with the aid of included angle cosine method; On this basis, determine the 
characteristics of data similarity, obtain behavioural characteristics data between 
the centroid and class spacing according to the behaviour characteristics of the 
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actual distance between data points, complete electricity user consumption 
behaviour characteristics of the data clustering. 

Step 3 Build a deep mining model of e-commerce users’ consumption behaviour data 
through the medium and small wave neural network of deep learning algorithm, 
and use gradient descent method to solve the optimal solution of consumption 
behaviour data mining after mining, so as to realise the deep mining of  
e-commerce users’ consumption behaviour data. 

2 Pre-processing of consumer behaviour data of e-commerce users 

2.1 Feature extraction of consumer behaviour data 

E-commerce consumer behaviour mainly refers to the consumer who often consumes on 
the network. This type of behaviour that the user completes the purchase behaviour 
through the analysis of e-commerce products, acquisition and decision-making is 
consumer behaviour. The consumer behaviour of e-commerce users includes: purchased 
goods, purchase purpose, purchase address and structure decision (Yang, 2020).  
Every decision-making behaviour of e-commerce users has different nodes. The  
decision-making process and purchase behaviour of e-commerce users’ consumption 
behaviour are shown in Figure 1. 

Figure 1 Consumption of e-commerce users 

 

The process of the formation of e-commerce user consumption behaviour is analysed in 
detail in Figure 1. By analysing the occurrence of user purchase behaviour, we master the 
user’s consumption behaviour. It plays an important role in guiding the sustainable 
development of e-commerce enterprises to determine their potential needs according to 
the process of decision-making and purchase. Therefore, before mining the consumer 
behaviour data of e-commerce users, the data is collected effectively. 

Consumer behaviour data of e-commerce users generally exist in the form of internet 
logs. As long as e-commerce users log in to relevant shopping websites, there will be 
behaviour traces, which mainly exist in the form of logs. According to the user’s web 
browsing log, the user’s consumption behaviour is divided into simple type, certain type, 
habitual type and preference type. Therefore, the extraction of consumer behaviour data 
of e-commerce users is mainly realised through the collection of log data (Hu et al., 
2020). 
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2.2 Pretreatment of consumer behaviour data characteristics 

In the data acquisition of consumer behaviour log, kernel function is used to collect user 
behaviour data. The consumer behaviour data of e-commerce users are mapped by kernel 
function and reflected in the space with higher dimension, so that the user consumption 
behaviour log data can be divided linearly in space. On this basis, different dimensions of 
e-commerce user consumption behaviour data are obtained. 

H was set to represent a subset of Pn consumer behaviour dataset, then the mapping of 
e-commerce user consumption behaviour data H to a fixed space can be expressed as: 

{
( )

nH P H Y
F

h F h
∈ → ∈

° =  → °
 (1) 

where ℉ represents the result value of consumer behaviour data mapping of e-commerce 
users, and Y represents fixed space. 

On this basis, the set of behaviour data after mapping the consumption behaviour of 
e-commerce users is set as follows: 

{ }1 2, , ..., mR r r r=  (2) 

where rm represents the composition of consumer behaviour data of e-commerce users. 
According to the above determined dataset of e-commerce user consumption 

behaviour, with the help of the decision function in the kernel function, the characteristics 
of e-commerce user consumption behaviour data are as follows: 

( ) nz x h R H= ∈ →  (3) 

where z(x) represents the final collection of consumer behaviour data for e-commerce 
users. 

In the data collection of consumer behaviour of e-commerce users, this paper first 
analyses the essence of consumer behaviour data, maps the consumer behaviour data to 
different dimensional spaces, and uses the decision function in the kernel function to 
complete the final data collection (Qian et al., 2020). 

Assuming that the dataset of consumer behaviour of e-commerce users is: 

( )1 2 3, , , ..., nH h h h h=  (4) 

where hn ⊑ H(n = 1,2…) represents the collection of consumer behaviour items for  
e-commerce users. At this time, the set of e-commerce user consumption behaviour data 
association rules is set. 

The behaviour data H and H′ items in the above dataset are inversely proportional to 
all the behaviour dataset items, and set to: 

( ) ( ):sup
 

H h h H GH H
G
′ ′∪′→ =    (5) 

The association rules that contain only H in the behaviour data H and H′ in formula (5) 
are determined as follows: 
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( ) : ' ''   
| : ' |

H h h H Gcon H H
H H G
∪→ =  

  (6) 

According to the association rules between the consumption behaviour data, the 
relationship between the two data in the same set is determined to help remove 
interference data from the data mining of consumption behaviour (Zhao, 2020), and to 
determine according to the angle cosine method. That is: 

1 2 1 2
2 2 2 2

1 2 1 2
cosa a a b b

a a b b
+=

+ +
 (7) 

Because the consumption behaviour data of e-commerce users change rapidly, there are 
some limitations in judging by the association rules between their data (Li, 2020; Fang  
et al., 2020). There are many cross-cutting behaviours in the consumer behaviour, as 
shown in Figure 2: 

Figure 2 There are many kinds of cross behaviours in the consumer behaviour 

 

According to Figure 2, it is necessary to associate multi-dimensional data and determine 
the differences in consumption behaviours of different e-commerce users. Therefore, 
deeper mining of the differences in consumption behaviours of different users is needed. 

3 Implementation of deep mining of consumer behaviour data of  
e-commerce users based on clustering and deep learning 

According to the above data, it is difficult to control the consumption behaviour of  
e-commerce users because the consumption behaviour of users is more changeable. 
Therefore, in order to realise the deep mining of the consumer behaviour data of  
e-commerce users, the acquired behaviour characteristics are effectively clustered. Before 
clustering the characteristics of e-commerce user consumption behaviour data (Yao and 
Luan, 2019), the user’s consumption behaviour is roughly divided into values, as shown 
in Figure 3. 

In the analysis of consumer behaviour data of e-commerce users, the value analysis of 
users is very important. As long as we master the value concept of consumer groups, we 
can effectively stimulate the potential consumption behaviour of customers. Therefore, 
this paper uses clustering algorithm to cluster the data characteristics of e-commerce 
users’ consumption behaviour effectively. Because there are some interference factors in 
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the obtained feature data, it is first processed to reduce the interference degree of feature 
data clustering. With the help of logical regression method, the processing formula is: 

1( )
1 x

c x
Q−

=
+

 (8) 

where Q represents the dependent variable in the data characteristics of e-commerce 
users’ consumption behaviour. 

Figure 3 Consumer value types of e-commerce users 

 

Because the dependent variables in the characteristics of consumer behaviour data of  
e-commerce users will change with the influence of external interference factors, such as 
commodity price, promotion and other activities, it is necessary to further determine them 
before carrying out effective clustering is realised by formula (9), that is: 

1( ( ) 0) 1
1 kx d

q c x
Q− +

= = −
+

 (9) 

where k represents the consumer behaviour of e-commerce users, d represents the bias 
value. 

Based on the above data, the clustering algorithm is used to cluster the consumer 
behaviour characteristics effectively. Clustering algorithm is an unsupervised method. Its 
realisation idea is to carry on the multivariate statistics to the research object, and classify 
by the similarity degree between the sample data. The result of clustering makes each 
cluster have similar data. 

Therefore, in this paper, the similarity between feature data is determined effectively. 
If the actual distance between the characteristic data points of e-commerce users’ 
consumption behaviour reflects the similarity between the two data, and the characteristic 
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data space S is set as the real vector space of the n dimension Sn, the similarity of  
e-commerce user consumption behaviour data can be expressed as follows: 

1 2( , ,.. )n T
i i i iC c c c=  (10) 

1 2( , ,.. )n T
i i i iD d d d=  (11) 

At this point, the distance between the data characteristics of e-commerce users’ 
consumption behaviour in formula (6) and formula (11) can be expressed as follows: 

( )1
( , ) | |

in L L
L i i i iL

Y C D c d
=

= −  (12) 

After determining the distance between the similar data of the consumer behaviour data 
of e-commerce users, it is necessary to cluster the similar data with the high degree of 
similarity according to the determined data centroid, in which, the centroid between the 
characteristics of consumer behaviour data of e-commerce users is expressed as: 

2
, | |i j i j i iv v v c d= − − −  (13) 

According to the determined centroid, the user consumption behaviour data features can 
be obtained by class spacing distance, as shown in Figure 4. 

Figure 4 Data of user’s 

 

On this basis, the data of similar features obtained are divided: 

1

1

[ ]

[ ]

n i
ii

k n i
i

V c l d
s

V c l
=

=

=
=

=




 (14) 

In the feature clustering of e-commerce user consumption behaviour data, the similarity 
between e-commerce user consumption behaviour characteristic data points is determined 
according to the actual distance between e-commerce user consumption behaviour 
characteristic data points. The centroid and class spacing between e-commerce user 
consumption behaviour characteristic data are determined to lay the foundation for 
further mining. 
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Based on the above clustering of e-commerce users’ consumption behaviour 
characteristics, the same feature data after clustering are analysed in depth. This paper 
uses deep learning algorithm, including a variety of artificial intelligence algorithms. The 
deep learning algorithm of wavelet neural network is used to build an e-commerce user 
consumption behaviour data depth mining model, and the gradient descent method is 
adopted to obtain the optimal solution of consumer behaviour data mining to realise the 
deep mining of e-commerce user consumption behaviour data. The algorithm is to 
determine the relationship between the data in a large number of the same feature dataset, 
mine the purchase behaviour of e-commerce users, predict the consumption behaviour of 
users, and thus provide a certain basis for the future sales management of e-commerce 
enterprises. In this paper, with the help of deep learning algorithm, the wavelet neural 
network is used to build an e-commerce user consumption behaviour data depth mining 
model, and the gradient descent method is adopted to obtain the optimal solution of 
mining consumer behaviour data to achieve e-commerce user consumption behaviour 
data depth mining. 

According to the cross data of consumer behaviour characteristics of e-commerce 
users obtained above, prediction is made by wavelet neural network (Xia et al., 2020; 
Wang et al., 2019). According to the different levels of the method, the user consumption 
behaviour is predicted at a certain time. First, the cross data of consumer behaviour 
characteristics of e-commerce users are input into the wavelet neural network, and the 
initial difference values obtained by input layer processing are as follows: 

21
, 2

n
j k ji k N

U R U T l k−= ∈
= < > + −   (15) 

where U and k represents different sequences of cross data input on the consumption 
behaviour characteristics of e-commerce users, respectively. Based on this, the 
preliminary prediction value is introduced into the wavelet basis function f for further 
processing, namely: 

[ ]( )sgn  j jf f f t= −  (16) 

where f represents the time value of the iteration of the wavelet basis function. 
Finally, the deep mining model of consumer behaviour data of e-commerce users is 

constructed, on which the differences of consumer behaviour data of e-commerce users 
are excavated, that is: 

1( )
n

i
i

bf
W i Q

f
==

 
 
 
 

  (17) 

where H(i) represents the final output value of the excavated differential feature data. 
In order to further improve the accuracy of mining, this paper uses the gradient 

descent method to solve the optimal solution of the deep mining model of consumer 
behaviour data of e-commerce users. The results are as follows: 

( )( )   e k γq x
p

−=  (18) 

where e(k) represents the consumer behaviour data of the original ecommerce user, γ 
represents the mean of the original value and p standards difference representing the 
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characteristics of differential data. The data mining process of consumer behaviour of  
e-commerce users is shown in Figure 5. 

Figure 5 Data mining for consumer behaviour 

 

According to the above clustering user consumption behaviour data, the depth mining 
model of e-commerce user consumption behaviour data is constructed by the wavelet 
neural network of depth learning algorithm, and the optimal solution of mining 
consumption behaviour data after mining is obtained by gradient descent method. The 
depth mining of consumer behaviour data is realised. 
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4 Experimental analysis 

4.1 Experimental scheme 

According to the above design method, in order to verify the effectiveness of the method, 
it is analysed experimentally. The experiment selected 40 employees, including 15 male 
employees and 35 female employees. The data were collected and placed on the 
MATLAB platform. The system of data processing and analysis in the experiment was 
Windows 10 system, and the memory was 16 GB, with SPSS software to obtain data. The 
detailed parameter design in the experiment is shown in Table 1: 
Table 1 Detailed experimental parameters 

Parameter Data 
Online shopping frequency/week 10 
Login time 7:00–8:00,17:00以后 
Page length/min > = 5 
Purchase rate/% > 60 
Sample data/GB 2 
Number of times of behavioural data mining 100 

4.2 Experimental indicators 

On the basis of the above experimental environment and parameter design, the 
experiment is carried out in a comparative way, and the methods of this paper, Zuo et al. 
(2019) and Zhang et al. (2020) are analysed, and the accuracy of mining and the error of 
data clustering are taken as the experimental indexes. Among them, the precision 
calculation formula of mining is: 

100%i

all

ZZ
z

= ×  （19） 

where Zi represents the amount of consumer behaviour data mining, zall represents the 
total amount of consumer behaviour data mining for e-commerce users. 

4.3 Analysis of experimental results 

4.3.1 Precision analysis of consumer behaviour data of e-commerce users 
The accuracy of deep mining of consumer behaviour data is a direct index to reflect the 
effectiveness of mining algorithm. To this end, the experimental analysis of this method, 
Zuo et al. (2019) method and Zhang et al. (2020) method are adopted to sample  
e-commerce user consumption behaviour data, and the mining accuracy results are shown 
in Figure 6: 

Analysis of the experimental results in Figure 6 shows that as the number of iterations 
changes, there are some differences in the accuracy of data mining of sample e-commerce 
users’ consumption behaviour among the method proposed in this paper and methods of 
Zuo et al. (2019) and Zhang et al. (2020). Among them, When the number of iterations is 
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60, the mining accuracy of the proposed method, the Zuo et al. (2019) method, and the 
Zhang et al. (2020) method are about 95%, 75%, and about 89%, respectively. When the 
number of iterations is 100, The mining accuracy of the three methods is about 96%, 85% 
and 83%, respectively. In contrast, the mining accuracy of the proposed method is always 
more than 90%, higher than that of the other two methods. This is due to the proposed 
method can effectively collect the consumer behaviour data of e-commerce users, and 
can build a mining model with the help of deep learning algorithm, so can deliver a 
higher efficacy. 

Figure 6 Comparison of data depth mining accuracy of e-commerce users’ consumption 
behaviour 

 

4.3.2 Clustering error of consumer behaviour data of e-commerce users 
In the process of deep mining of consumer behaviour data, clustering of consumer 
behaviour data is an important factor affecting its mining performance. Therefore, the 
error of this method, Zuo et al. (2019) method and Zhang et al. (2020) method on the data 
clustering of sample e-commerce users’ consumption behaviour is analysed 
experimentally. The results are shown in Figure 7: 

Analysis of the data in Figure 6 shows that as the number of iterations changes, there 
are some differences in the error of clustering data of consumer behaviour of e-commerce 
users among the method proposed in this paper and methods of Zuo et al. (2019) and 
Zhang et al. (2020). When the number of iterations is 40, the error of clustering data of 
user consumption behaviour of the method proposed in this paper, the Zuo et al. (2019) 
method and the Zuo et al. (2019) method is 2.2%, about 3.5%, and about 3.5%, 
respectively; When the number of iterations is 60, the error of clustering data of user 
consumption behaviour of the three methods is 2.6%, about 3.1%, and about 5.8%, 
respectively; When the number of iterations is 100, the error of clustering data of user 
consumption behaviour of the three method is 2.7%, about 3.3%, and about 3.1%, 
respectively. The lower clustering error of the proposed method verifies its effectiveness. 
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Figure 7 Clustering error analysis of consumer behaviour data of e-commerce users 

 

5 Conclusions 

In order to improve the sales quality of e-commerce users, a deep mining method based 
on clustering and deep learning is proposed. According to the actual distance between the 
behaviour feature data points, the similarity of the feature data is determined, the centroid 
and class spacing between the behaviour feature data are obtained, and the e-commerce 
user consumption behaviour data feature clustering is completed; Through the deep 
learning algorithm and wavelet neural network, an e-commerce user consumption 
behaviour data depth mining model is built, and the gradient descent method is used to 
solve the optimal solution of mining consumer behaviour data to realise the deep mining 
of e-commerce user consumption behaviour data. This method has the following 
advantages 

1 The accuracy of the proposed method is about 97%, which has a certain degree of 
credibility 

2 The proposed method has advantageous low clustering error for consumer behaviour 
data of e-commerce users. 
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