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Abstract  

This paper constructed a dynamic and ob-
jective model of E-commerce website 
quality management. The key quality fac-
tors, quality characters and sub-characters 
from the user’s perspective were dis-
cussed firstly, they formed the inherent 
causality relationship. Applying the 
Bayesian Network, the E-commerce web-
site quality management model was 
shaped. The presented model can be uti-
lized in two ways. The forward reasoning 
applied on the Bayesian Network could 
evaluate the E-commerce website quality. 
The backward reasoning could be utilized 
on quality diagnosis, quality improve-
ment. Several examples were illustrated 
in this paper, and the advantages and dis-
advantages were discussed in the end. 

Keywords: Quality Management, E-
Commerce, Bayesin Network, Dynamic 

1. Introduction 

E-Commerce is a booming operation pat-
tern of enterprises. The com.cn domain 
named in China has already reached 
173649 by December 31st, 2004 [1]. E-
commerce is stepping into development 
peak era. The quality of E-commerce sys-
tems has become an issue concerned by 
both E-commerce operators and custom-
ers. Enterprises make every effort to im-
prove the quality of products and services 

and meet the customers’ requirements. 
The competition superiority and commer-
cial benefits can be gained by constantly 
enhancing the quality of E-commerce 
systems. 

The purpose of this paper is to estab-
lish an E-commerce system management 
model based on Bayesian network to as-
sist E-commerce operators, developers, 
customers and researchers in evaluating 
and managing the E-commerce systems’ 
quality. 

2. Theoretical Basis 

2.1. The quality management of E-
commerce website 

In the E-commerce environment, custom-
ers’ requirements on the quality of prod-
ucts and services have increased. The 
customer-centered service quality admin-
istration has become the emphasis of 
quality administration in the whole enter-
prise. The final goal of E-commerce is 
not only to sell products (tangible or not) 
to end users but convey the value and 
make the customers satisfied. 

The E-commerce website quality has 
direct influence on the systems’ success 
[2,3]. Most current research work on E-
commerce websites quality is groping 
ones that validate the conclusion by the 
data gathered from the end user question-
naires. For example, Loiacono present 
WebQualTM model and believed the web-
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site quality can be represented in twelve 
dimensions [4]. Aladwani & Palvia 
measured the customer-recognized web-
site quality and put forward the three di-
mensions of website quality, content 
quality, website content and website re-
presentation [5]. Barnes & Vidgen had 
established WebQual website quality test 
tools to evaluate the quality of informa-
tion-intense webs [6]. Ranganathan & 
Ganapathy argued that the key attributes 
of B2C E-commerce websites included 
information content, design, secrecy and 
other dimensions [7]. Lin& Lu test the e-
newspaper websites in the usability and 
reliability of the students’ perception [8]. 
These works separately put forward some 
quality evaluating dimensions and vali-
date their effectiveness and reliability 
through experiments. However, a com-
mon problem is that a dynamic quality 
management model of E-commerce web-
sites has not been established. 

The main contribution of this paper is 
to propose a dynamic and objective mod-
el of E-commerce website quality man-
agement based on Bayesian networks. 
This model can evaluate the website qual-
ity and moreover constantly improve the 
website quality.  

The final goal of E-commerce systems 
is to satisfy customers. The E-commerce 
websites’ quality includes service quality; 
interface quality, technical system quality 
and so on. Therefore, in this paper, the 
SERVQUAL quality framework [9] and 
quality dimensions in related works 
[4,5,6,7,8] are integrated to establish the 
website quality evaluating indexes sys-
tems. Based on the quality perceived by 
end-users, five different quality factors of 
E-commerce website quality are formed. 
Every factor can be divided into different 
quality attributes and even detailed quali-
ty sub-attributes that can be measured di-
rectly. 

 
2.2.  Bayesian Net 

A Bayesian network is a directed acyclic 
graph with probability explanation[10]. 
The nodes in the graph represent random 
variables while directed edges represent 
the relationship of these nodes. Condi-
tional Probability Table (CPT) quantita-
tively describes the dependency between 
parent and child nodes [11, 12]. 

The modeling process based on Baye-
sian Networks can be divided into three 
phases as follows. 

Phase1 Determine and establish the 
variables and explanations related to 
models.  

A) Set the model’s goal, that is set the 
explanation of related issue.  

B) Set the related possible observation 
values and determines the sub sets used to 
establish the mode. 

C) Compose these observation values 
into variables that can cover all states. 

Phase2  Establish a directed cyclic 
graph that has the consistent conditional 
independency. 

According to probability formulas, we 
have 
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The variable set , -nCCC ,,, 21 � is cor-
responding to the parent 
nodes, -anaa ppp ,,, 21 � .  

Therefore, when the Bayesian net-
works topology structure building up, we 

sort the variables nXXX ,,, 21 �   to 
certain order find the variable set 

� �nii ,,2,1 ��C  that satisfies formula 
2.In the application of Bayesian 
networks it is common that real world 
problem determine the causality relation-
ship, while causality relationship usually 
has the consistent conditional indepen-
dency. So an arrowed arch can be drawn 
from cause variable to effect variable in 
order to apparently represent the causal 
relationship among variables. 

Phase3 Assign the probability distri-
butions )/( aii pxp . In the discrete situa-

tion, every variable ix  that has parent 
nodes need to be assigned its probability 
distribution. 

In solving many real world problems, 
we need to reason from approximate and 
incomplete knowledge and information. 
While A Bayesian network is a probabili-
ty reasoning technology, based on proba-
bility theory, it deals with uncertainties 
generated by describing the conditional 
dependency between knowledge compo-
sitions. It provides a viewable approach 
presenting knowledge in graphs.  

3. E-Commerce Website Quality 
Model 

The Bayesian network model contains 
two presumptions, the non-circle pre-
sumption (we suppose that the network 
topology does not have circles) and the 
static state presumption (the lag time be-
tween the cause nodes and the effect 
nodes is not considered)[10]. In building 
E-commerce website quality model, the 
circle structures can be avoided by rea-

sonable selection of nodes in Bayesian. In 
this paper, the nodes selected when estab-
lishing the model are time independent, 
so the problem of time lagging does not 
exist. The presumption of static states is 
satisfied.  

 
3.1.  Set the BN nodes 

The overall Quality of the E-commerce 
website systems is set as the modeling 
goal and thus becomes the central nodes 
of the network. 

According to the literature study, the 
overall quality of the E-commerce web-
site based on the quality perceived by the 
end-users is represented by five quality 
factors: tangibility factor, reliability fac-
tor, response factor, security factor and 
guarantee factor and empathy factor. 
Every quality factor can also have several 
quality attributes and each quality 
attribute can have sub-attributes. This 
quality sub-attribute�quality 
attribute�quality factor�overall quality 
model naturally represents the causal re-
lationship among these variables and sa-
tisfies the consistent conditional indepen-
dency. Therefore, the established Baye-
sian Network topology structure for E-
commerce website quality administration 
is shown in figure 1. 

 
3.2. Set the apriority probability and 

CPT 

After establishing the Bayesian Network 
topology structure, we need to determine 
the value of every node in the network 
structure and the CPT of the variables 
represented by non-root nodes. The de-
pendency relationship among variables 
needs to be quantified. 

In ISO9000: 2000 the quality is de-
fined as follows. ‘Quality is the degree to 
which a group inherent attributes meet 
the requirements’. “Degree” can be 
measured by “good and poor”. So we de-
fine three possible states for every quality 
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factor, quality attribute: Good (G), Aver-
age (A), and Poor (P). This is also the 

evidence of every child-node. 

 

 
 

Fig.1: E-commerce website quality management model structure. 
 
The priority probability comes from 

the users. The users only need simply an-
swer “yes” or “no” whether this E-
commerce website have such quality sub-
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attributes. This can too much extent re-
duce the subjectivity of the evaluating.  

For each child-node that has parent-
nodes, the discrete conditional probability 
distribution represented by CPT denotes 
the quantitative dependency between this 
child-node and its parent nodes. In this 
paper, the values of CPT are assigned by 
the specialists. 

 
3.3. The dynamic characteristic of the 

model 

The quality administration model estab-
lished above have the dynamic characte-
ristics. This is because of the nodes’ CPT. 
The initialized CPT value is set by spe-
cialists according to their knowledge and 
experiences. This model can continuously 
improve the submitted results through 
case learning. Based on systematical ex-
act data collection, CPT enables the mod-
el to provide exact evaluation results.  

4. Quality Management of E-
commerce Website 

4.1. Quality evaluation 

The E-commerce website quality model 
can conduct forward reasoning and also 
backward reasoning.. Forward reasoning 
is a top-down computing which get the 
probability of results based on some 
known evidence using Bayesian Net-
works. For quality administration, it is the 
process of evaluating the quality of E-
commerce website systems [13]. 

For example, quality attribute ‘Securi-
ty’ has two parent nodes, also called two 
quality sub-attributes, ’ Safe transaction’ 
and ‘Safe deliver’. If 42 percent users in 
the questionnaire believe that the eva-
luated website has the quality sub-
attribute ‘Safe transaction’ and 87 per-
cents believe that the evaluated website 
has the quality sub-attribute ‘Safe deliver’, 
shown in figure 2, then based on the CPT 
of ‘Security’ node we can get that the 

probability that the website quality 
attribute ‘Security’ can be evaluated as 
‘good’ is 57 percent, ‘average’ 21% and 
‘poor’ 22%.  

 

 
 
Fig. 2:  Quality management. 
 

After the quality attributes evaluation 
is done, the quality factor evaluation can 
also be conducted in the same reasoning 
process. Consequently, the overall quality 
can finally be evaluated. 

The E-commerce website quality 
Bayesian network model can assist the 
website developers to evaluate the impor-
tance of quality attributes and quality fac-
tors, and also the mutual influences be-
tween parent codes and child codes. For 
example, if the developers want to eva-
luate how some extent sub-attributes, 
such as ‘Provide what promised’, ‘No er-
ror inf.’, and ‘Up-to-date inf.’, influence 
the quality attribute ‘Reliability’, then 
they can assign different evident values in 
order to get different ‘Reliability’ results. 
As it is shown in figure 3, these different 
outcomes can help designers to decide 
which sub-attribute influences ‘reliabili-
ty’ more. 

It is notable that even in case that the 
evidence is not enough, the Bayesian 
network can still conduct reasoning by 
recovering datasets, and approximate 
computing, etc. But precision of quality 
evaluation is higher with more evidence 
in the model. 
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Fig. 3: Another sample. 
 
4.2. Quality diagnosis 

The backward reasoning of Bayesian 
networks is to deduce the cause from the 
effects. It is a kind of bottom-up reason-
ing and also called diagnosis reasoning. 
Given the results, based on the Bayesian 
network, the backward reasoning educes 
the probability of the cause. 

Suppose that in the diagnosis process 
the evidence is e , then the edge probabil-
ity of any node A can be calculated as 
below. 
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For example, given that ‘navigation’ of 

an E-commerce website is ‘good’ and the 
probability of other related sub-attributes 
is small, it can be calculated through the 
model that ‘easiness to locate’ has the 
probability more than 85% to be ‘good’.  

Similarly, given that the ‘overall quali-
ty’ of an E-commerce website is ‘good’ 
and the quality factor ‘reliability’ is 
‘good’, by backward reasoning, we can 
get that the probability distribution of 
quality attribute ’provide newest 
attributes’ is ’good’ 80%, ‘average’ 16%, 
‘poor’ 4%. Therefore, in the backward 

reasoning, assigning the evidence value 
of child node can provide probability val-
ue of its related parent nodes. The devel-
opers of E-commerce utilize these to 
conduct quality diagnosis, continuous 
quality improvement and reasonable re-
source distribution. 

5. Conclusion 

This paper establishes E-commerce web-
site quality administration model based 
on Bayesian network. This model is ob-
jective and dynamic. Compared with oth-
er research approaches, this model not 
only can evaluate the website quality but 
also can conduct quality diagnosis and 
continuous improvement. 

The establishment of Bayesian network 
topology model in this paper is based on 
previous research works. The function 
dependency relationships between va-
riables (CPT) are set by specialists, which 
is a point that needs improvement in this 
paper. 

The Bayesian Network also has the 
learning functionality, dynamically build 
up the networks from real cases. If case 
data is enough, Bayesian learning can au-
tomatically build the most suitable Baye-
sian networks to these real case data. The 
CPT of every child node can be deter-
mined by case training after the special-
ists have build up the network topology 
structure. It is also one of the future re-
search works. 
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