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a b s t r a c t

To deal with complex problems, structuring them through graphical representations and analyzing causal
influences can aid in illuminating complex issues, systems, or concepts. The DEMATEL method is a meth-
odology which can confirm interdependence among variables and aid in the development of a chart to
reflect interrelationships between variables, and can be used for researching and solving complicated
and intertwined problem groups. The end product of the DEMATEL process is a visual representation—
the impact-relations map—by which respondents organize their own actions in the world. In order to
obtain a suitable impact-relations map, an appropriate threshold value is needed to obtain adequate
information for further analysis and decision-making. In the existing literature, the threshold value has
been determined through interviews with respondents or judged by the researcher. In most cases, it is
hard and time-consuming to aggregate the respondents and make a consistent decision. In addition, in
order to avoid subjective judgments, a theoretical method to select the threshold value is necessary. In
this paper, we propose a method based on the entropy approach, the maximum mean de-entropy algo-
rithm, to achieve this purpose. Using a real case to find the interrelationships between the services of a
Semiconductor Intellectual Property Mall as an example, we will compare the results obtained from the
respondents and from our method, and show that the impact-relations maps from these two methods
could be the same.

� 2009 Elsevier Ltd. All rights reserved.

1. Introduction

The DEMATEL (Decision-Making Trial and Evaluation Labora-
tory) method, developed by the Science and Human Affairs Pro-
gram of the Battelle Memorial Institute of Geneva between 1972
and 1976, was used to research and solve complicated and inter-
twined problem groups (Fontela & Gabus, 1974, 1976). DEMATEL
was developed in the hope that pioneering the appropriate use of
scientific research methods could improve the understanding of a
specific problematique, a cluster of intertwined problems, and con-
tribute to the identification of workable solutions through a hierar-
chical structure. The DEMATEL method is based on graph theory,
enabling us to plan and solve problems visually, so that we may di-
vide the relevant factors into cause and effect groups in order to

better understand causal relationships. The methodology can con-
firm interdependence among variables and aid in the development
of a directed graph to reflect the interrelationships between
variables.

The applicability of the DEMATEL method is widespread, rang-
ing from analyzing world problematique decision-making to
industrial planning (Chiu, Chen, Shyu, & Tzeng, 2006; Hori & Shi-
mizu, 1999; Huang, Shyu, & Tzeng, 2007; Tzeng, Chiang, & Li,
2006). The most important property of the DEMATEL method used
in the multi-criteria decision-making (MCDM) field is to construct
interrelations between criteria. After the interrelations between
criteria were determined, the results derived from the DEMATEL
method could be used for fuzzy integrals to measure the super-
additive effectiveness value or for the Analytic Network Process
method (ANP) (Liou, Yen, & Tzeng, 2008; Saaty, 1996; Tsai & Chou,
2009) to measure dependence and feedback relationships between
certain criteria. When the DEMATEL method is used as part of a hy-
brid MCDM model, the results of the DEMATEL will influence the
final decision.
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There are four steps in the DEMATEL method: (1) calculate the
average matrix, (2) calculate the normalized initial direct-influence
matrix, (3) derive thetotal relation matrix, and (4) set a threshold
value and obtain the impact-relations map (in Fig. 1, we divided
Step 4 into two steps). In Step 4, an appropriate threshold value
is necessary to obtain a suitable impact-relations map as well as
adequate information for further analysis and decision-making.
The traditional method followed to set a threshold value is con-
ducting discussions with experts. The researcher sets an adequate
threshold value and then outlines an impact-relations map to dis-
cuss whether the impact-relations map is suitable for the structure
of the problematique. If not, the threshold value is replaced by an-
other value, and another impact-relations map is obtained until
there is a consistent opinion among the majority. Sometimes, after
the researcher obtains the input data for Step 1 using question-
naires, it is difficult to choose a consistent threshold value, espe-
cially if there are too many experts to aggregate at the same
time. When the factors of the problem are many, the work involved
in obtaining a consistent threshold value becomes more complex.
In order to obtain a reasonable threshold value with respect to dif-
ficulty in the discussions with experts, the researcher may choose
the value subjectively. The results of the threshold values may dif-
fer among different researchers.

In contrast to the traditional method, which confronts the loop
from a ‘‘set a threshold value” to obtain ‘‘the needed impact-rela-
tions map”, as shown in Fig. 1, we propose the maximum mean
de-entropy (MMDE) algorithm to obtain a threshold value for
delineating the impact-relations map. This algorithm based on
the entropy approach can be used to derive a set of dispatch-nodes,
the factors which strongly dispatch influences to others, and a set
of receive-nodes, which are easily influenced by another factor.
According to these two sets, a unique threshold value can be ob-
tained for the impact-relations map.

In the numerical example, a real case is used to discover and
illustrate the key services needed to attract Semiconductor Intel-
lectual Property Mall (SIP) users and SIP providers to an SIP Mall.
Research in the current study enabled the derivation of the interre-
lated services and their structural interrelationships using the
DEMATEL method, where the threshold value is selected through
discussions with experts. By using the proposed MMDE algorithm
to choose the threshold value, both impact-relations maps from
the traditional method and the algorithm we propose are the same,
although the procedures are different.

The rest of this paper is organized as follows: Section 2 briefly
describes the DEMATEL method. The steps of the maximum mean
de-entropy algorithm will be described, explained, and discussed
in Section 3. In Section 4, a numerical example, a real case where
the goal is to find out the interrelated services that should be pro-
vided by a semiconductor intellectual properties mall and the
structural interrelationship between them, is shown in order to ex-
plain the proposed algorithm and discuss the results. Finally, in
Section 5, we draw conclusions.

2. DEMATEL method

The end product of the DEMATEL process—the impact-relations
map—is a visual representation of the mind by which the respon-
dent organizes his or her own action in the world. This organiza-
tional process must occur for the respondent to keep internally
coherent and to reach his or her personal goals. The steps of the
DEMATEL method (Tzeng et al., 2006) are described as follows:

Step 1: Find the average matrix.Suppose there are h experts
available to solve a complex problem and there are nfac-
tors to be considered. The scores given by each expert
give us a n � n non-negative answer matrix Xk, with
1 6 k 6 h. Thus X1,X2, . . . ,Xh are the answer matrices for
each of the h experts, and each element of Xk is an integer
denoted by xk

ij. The diagonal elements of each answer
matrix Xk are all set to zero. We can then compute the
n � n average matrix Aby averaging the h experts’ score
matrices. The (i, j) element of matrix A is denoted by aij,

aij ¼
1
h

Xh

k¼1

xk
ij: ð1Þ

In application, respondents were asked to indicate the di-
rect-influence that they believe each factor exerts on each
of the others according to an integer scale ranging from 0
to 4. A high score from a respondent indicates a belief that
greater improvement in i is required to improve j. From
any group of direct matrices of respondents, it is possible
to derive an average matrix A.

Step 2: Calculate the normalized initial direct-relation
matrix.We then create a matrix D by using a simple
matrix operation on A. Suppose we create matrix D and
D = s � A where

s ¼ Min
1

max16i6n
Pn

j¼1 aij

�� �� ; 1
max16j6n

Pn
i¼1 aij

�� ��
" #

: ð2Þ

Matrix D is called the normalized initial direct-relation ma-
trix. The (i, j) element dij denotes the direct-influence from
factor xi to factor xj. Suppose di denotes the row sum of the
ith row of matrix D.

di� ¼
Xn

j¼1

dij: ð3Þ

The di shows the sum of influence directly exerted from
factor xi to the other factors. Suppose dj denotes the col-
umn sum of the jth column of matrix D.

d�j ¼
Xn

i¼1

dij: ð4Þ

Then dj shows the sum of influence that factor xj received
from the other factors. We can normalize di and dj as

wiðdÞ ¼
di�Pn
i¼1di�

; ð5Þ

v jðdÞ ¼
d�jPn
j¼1d�j

: ð6Þ

Matrix D shows the initial influence which a factor exerts
and receives from another. Each element of matrix D por-
trays a contextual relationship among the elements of the
system and can be converted into a visible structural mod-
el—an impact-relations map—of the system with respect to
that relationship. For example, as shown in Fig. 2, the
respondents are requested to indicate only direct links.
In the directed graph represented in Fig. 2, factor i directly
affects only factors j and k; while indirectly, it also affects
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Fig. 1. The steps of the DEMATEL method.
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