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Abstract—In the configuration procedure of QFD �Quality 
Function Deployment�, the importance rating of customer 
requirements as one of the important input parameters is 
very significant to the determination of the technical charac-
teristics and even to the optimum decision to the whole 
quality of house as well as the following step of allocation 
decision-making. In this paper, firstly the drawbacks of the 
existing methods of determining the importance rating of 
customer requirements are analyzed. Then with the influ-
ence of customer requirement interdependence and market 
competitive evaluations sufficiently considered, DEMATEL 
is introduced  to deal with self-correlations between custom-
er requirements and Entropy is used to dispose the market 
competitive evaluations to  modify the fundamental im-
portance ratings of the customer requirements, thus a more 
objective comprehensive fundamental importance rating of 
the customer requirements can be gained. Finally, one 
example is given to verify the effectiveness of the presented 
method. 

Index Terms—DEMATEL, entropy, importance rating of 
customer requirements 

I. INTRODUCTION 
With the development of manufacturing globalization 

& networking and information technology ， higher 
customer satisfaction, lower cost and shorter product 
development cycle has become key to gain a competitive 
advantage. Quality Function Deployment (QFD) as a 
structured user-driven, systematic product development 
and quality assurance method is gained more and more 
concerns [1]. Numerous facts show that, the correct 
implementation of QFD can effectively help the enterpris-
es to improve product quality and customer satisfaction, 
reduce cost and shorten  product life cycle [2]. 

QFD generally includes two basic processes, i.e. the 
extraction of customer requirements and the waterfall-type 
decomposition process of customer requirements [3]. 
Among them, the importance of customers' requirements 
is an important input in the building process of house of 
quality (HoQ). It plays an important role to determine the 
technical characteristics and the optimum of the house of 
quality and subsequent stages of the allocation decision-
making; it is also very important to the characteristics of 
the products and parts and continued production control. 
Based on importance rating, manufacturers can design and 
develop products purposefully to make customer satisfied 
in order to gain a competitive advantage [4][5]. Therefore, 
in the process of building product planning HoQ, it is one 
of the key works to access to customer requirements and 
importance ratings [6]. 

Firstly, a general procedure of determining the im-
portance of customer requirements in the product planning 
HoQ is analyzed and the deficiencies of the existed 
methods are pointed out. Then considering the influence 
of customer requirement correlations and market competi-
tive evaluations to the customer requirements, a correc-
tional method based on the fundamental importance of 
customer requirements is presented. Finally, application 
study is given to illustrate the presented method. 

II. DETERMINATION OF IMPORTANCE RATING OF 
CUSTOMER REQUIREMENTS IN PRODUCT PLANNING HOQ 

The importance rating of customer requirements in the 
product planning is the fundamental input for the house of 
quality. Generally, its determination refers to the follow-
ing steps [7]. 

(1) Determining the m customer requirements for the 
given product by kinds of surveying methods, it can be 
written as ),,( 1 mCACACA = . 

(2) Obtaining the fundamental importance rating of the 
obtained customer requirements by AHP or other meth-
ods: ),,( 1 m

ooo www = . 
(3) Making competitive evaluation among the similar 

products in the market. Here, 1C  represents for the 
considered enterprise, while kCC ,,2   for the competi-
tive enterprises. With market survey for customer re-
quirements carried out， the market competitive assess-
ment matrix can be obtained as 
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Based on Z， information for modifying the im-
portance rating of customer requirements can be obtained 
based on market competitive evaluations: 

),( 1 m
sss www = . 

(4) By integrating with the fundamental importance 
rating of customer requirements ow  and the modifying  

market based on the competitive evaluations sw , the final 
importance ratings of customer requirements can be 
obtained as so wwf ×= or seog wwwwf += , ,0≥gw  
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0≥ew ， 1=+ ge ww , mj ,,1= . While using the 
linear synthesis to obtain the final importance ratings of 
customer requirements, wg and we separately represent for 
the compromised weight of the fundamental importance 
rating of customer requirements and the market competi-
tive evaluations modification. 

Among them, the fundamental importance rating of 
customer requirements is usually obtained by surveying or 
AHP or ANP and other integrated methods [5-8]. For the 
market competition assessment information, in the majori-
ty of studies the concept of ‘sale point’ were subjectively 
introduced to modify the fundamental importance rating 
of customer requirements, in this way information of the 
fundamental importance rating of customer requirements 
were double-counted, therefore, they can not reflect the 
impact of the competitive assessment on the importance of 
customer requirements. At the same time, in the process of 
building house of quality, the influence of technical 
characteristics correlations is taken in fully considerations 
while the influence of customer requirement correlations 
is insufficient. In fact, while customers express their 
requirements, different requirements often influence each 
other. With a CD player, for example, with the develop-
ment of the society, customer’s requirement on security is 
becoming much higher. Security of a CD player will have 
positive effect on its compatibility, so they are positively 
correlated. While high security requires higher cost, which 
will result in a high price, so security and price are of 
negative correlation. The correlation among the require-
ments will make a requirement with lower basic im-
portance need be given more attention, improving the 
requirement will indirectly improve other requirements. In 
the same way, for a requirement with higher basic im-
portance, with the correlation considered, its importance 
will become lower. Thus, to obtain a more accurate 
customer requirement importance, the correlation among 
the requirements should be taken into consideration. To 
obtain more accurate information of importance rating of 
customer requirements, in this paper， the influence of 
customer requirement correlations and market competitive 
evaluations to correct the fundamental importance rating 
of customer requirements are synthetically considered. 

III. MODIFYING THE FUNDAMENTAL IMPORTANCE 
RATING OF CUSTOMER REQUIREMENTS WITH 

CONSIDERATION OF CUSTOMER REQUIREMENT 
CORRELATIONS 

The decision making trial and evaluation laboratory 
(DEMATEL) is a useful methodology to visualize the 
structure of complicated causal relationships [9][10]. 
Unlike the traditional techniques such as analytic hierar-
chy process with the assumption that elements are inde-
pendent, this method, one of the structural modeling 
techniques, can identify the interdependence among the 
elements of a system through a causal diagram, which is 
shown in the Fig.1. It uses graph theory and matrix tool  
for system analysis and can modify the corresponding 
factors’ weights according to the inter-influence among 
the factors. In the method, through the various factors’ 
logical relationship and the direct impact matrix, how one 
factor affects another and how one factor is affected by 
another can be obtained.  

 
Figure 1.  Mutual influence of a directed graph 

The DEMATEL method can be summarized in the fol-
lowing steps: 
① Determine the impact factors of the system. 
② Analyze the relationship among the factors, con-

struct directed graphs and indicate the strength of the 
relationship between the factors by numbers. Evaluate the 
direct influence between any two factors by an integer 
score ranging from 0, 1, 2, and 3, representing ‘no influ-
ence’, ‘low influence’, ‘medium influence’, and ‘high 
influence’, respectively. 
③ Express the above contents into matrix form which 

is called direct impact matrix Y=[yij]N×N, the notation of yij 
indicates the degree to which the respondent believes 
factor i affects factor j. For i=j, the diagonal elements are 
set to zero. 
④ Standardize the direct impact matrix Y, and the 

standardized impact matrix X will be obtained. 
⑤ Based on the standardized impact matrix X, the 

overall impact matrix T can be obtained, namely cross- 
reinforcement matrix from the following formula. 

nnijtTXIXT ×
− =−= )()( 1                      (1) 

Where tij represents for direct and indirect affecting 
degree of the factor i and j. 

As mentioned above, in product planning HoQ, the 
different customer requirements usually affects each other, 
moreover, the intensity of impact may be different. In 
DEMATEL, the causal diagram uses digraphs rather than 
directionless graphs to portray the basic concept of con-
textual relationships and the strengths of influence among 
the elements. Thus it can well interpret the interaction 
relationship among the customer requirements. In this 
paper, firstly the causal diagram of customer requirements 
is obtained through the DEMATEL, then it is analyzed, 
the cross-reinforcement matrix T can be obtained, finally 
the fundamental importance rating of customer require-
ments are modified. 

IV. MODIFYING THE FUNDAMENTAL IMPORTANCE 
RATING OF CUSTOMER REQUIREMENTS WITH 

CONSIDERATION OF MARKET COMPETITIVE EVALUATION 
In information theory, entropy indicates the amount of 

information obtained from a group of uncertain things. For 
the amount of information contained in a discrete proba-
bility distribution, the greater the distribution changes the 
more abundant information it contains [11][12]. Shannon 
defines this information entropy for measuring the amount 
of information as: 
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Where,
)ln(

1
kk =ϕ , it can be seen that the bigger 

),,( 1 kppE   is, the less information kpp ,,1 contains. 
In QFD, competitive assessment refers to a satisfaction 

evaluation for similar products of different manufacturers 
on the market from the perspective of the customers to 
reflect the strengths and weaknesses of existing product as 
well as improvement needed to be done in emergency. 
According to the assessment of market competition for 
customer requirements, if the customer’s assessment is 
consistent, it means the product homogeneity is compara-
tively strong for the given customer requirement, which 
implies that improvement of the requirement will likely 
significantly improve customer’s satisfaction. Thus the 
customer's requirement can be given a higher attention. If 
the customer’s assessment of competing products re-
quirements more dispersed, it indicates that the market 
requirement for products has obvious heterogeneity. It is 
difficulty to enhance customer's satisfaction by improving 
the requirement. Therefore, a lower attention should be 
taken into consideration. 

The above analysis shows that the concept of entropy is 
very consistent with the extracted information through the 
market competitive evaluation of customer requirements, 
therefore in this article introduces the concept of entropy 
to get the importance rating of customer requirements 
correction through dealing with the information of market 
competitive evaluation.  

V. FINAL DETERMINATION OF CUSTOMER 
REQUIREMENTS IMPORTANCE RATINGS 

Firstly, DEMATEL method is used to analyze the in-
terdependence among the customer requirements and the 
obtained cross-reinforcements matrix is used to modify 
the basic importance of customer requirements. Then 
based on the concept of entropy, market competitive 
evaluations are dealt to modify the importance rating of 
customer requirements, finally the final importance ratings 
can be obtained. The corresponding steps are as follows: 
① Determine the interaction digraph of customer re-

quirements and establish a direct influence matrix Y and 
standardized matrix X. 
② According to formula (1) to get the total impact ma-

trix T of customer requirements. 
③ Take the total impact matrix T as a cross- reinforce-

ment matrix. Modify the importance rating of CRs, i.e. 
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④ For customer needs CAj, the results of the market 

competitive evaluations is jkj zz ,,1 , let ∑
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taking jjiji zzp /= as a discrete probability distribution 

sub-sample of k manufacturers about CAj , thus the eval-
uation information entropy about CAj can be defined 
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� Calculate the final importance ratings of the custom-
er requirements fj  

j
S

j
Tj wwf )1( αα −+=                           (6) 

α is the scale factor, it reflects the tradeoffs between 
interdependence among the customer requirements and 
the market competitive evaluation, its value can be deter-
mined  according to the actual situation of the product 
development, usually α can be equal to 0.5. 

VI. APPLICATION STUDY 
Being known 8 customer requirements of CD player: 

== ),,( 81 CACACA   (High definition, nice sound, easy 
to use, portability, stylish, safe and reliable, compatibility, 
affordable), the fundamental importance rating of custom-
er requirements is ),,( 81

ooo www = = (0.4, 0.2, 0.8, 0.74, 
0.34, 0.8, 0.54, 0.8). DEMATEL method is used to ana-
lyze the interdependence among the customer require-
ments, which is shown in the Fig.2. 

 
Figure 2.  Interaction digraph of customer requirements 

� Quantify the interaction digraph of customer re-
quirements and establish a direct influence matrix Y and 
standardized matrix X. 
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② According to formula (1) to get the total impact ma-

trix T of customer requirements. 
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� The comprehensive impact matrix as a cross-

reinforcement matrix, use formula (2) to get the effect 
weighting of customer requirements (0.1273, 0.0846, 
0.1771, 0.1116, 0.0622, 0.1749, 0.0312, 0.1792) 

� Using entropy to analyze the market competitive 
evaluations of the 5 factories. The market competitive 
evaluations matrix according to the 8 requirements is: 
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Using formula (4), (5) obtains the competitive evalua-
tions information entropy and normalization: (0.1257, 
0.1274, 0.1215, 0.1261, 0.1263, 0.1255, 0.1224, 0.1252) 
⑤ Using formula (6), taking α=0.5, then in the final 

importance ratings of the customer requirements are : 
(0.1265, 0.1060, 0.1493, 0.1189, 0.0943, 0.1502, 0.0768, 
0.1522) 
⑥ Rank the customer requirements according to the 

importance rating from high to low: CA8, CA6, CA3, 
CA1, CA4, CA2, CA5, CA7. 

In this application, the initial importance orders of CAs 
are: CA3，CA6，CA8，CA4，CA7，CA1，CA5，CA2, 
while with the interdependence among the CAs and 
market competition analysis considered, the importance 
orders are: CA8, CA6, CA3, CA1, CA4, CA2, CA5, CA7, 
which shows that obvious changes occur in the ordering.. 

VII. CONCLUSION 
In this paper, based on the basic customer requirements 

importance, with influence of correlation among the CAs 

and market competition analysis on the final importance 
of the CAs considered, DEMATEL and entropy are 
introduced to deal with the corresponding information to 
updated the customer requirements importance, and the 
modified importance are aggregated to obtain the final 
importance ratios, which makes determination of the 
customer requirement importance more objective and 
reasonable. The application study shows that with the 
correlations among the CAs considered, the importance 
ratios of the CAs are updated, and the corresponding 
importance ordering change obviously. 
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