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Abstract: This paper; evaluates and compares the heterogeneous balance-
variation order pair of any two decision-making trial and evaluation laboratory
(DEMATEL) theories, in which one has a larger balance and a smaller variation.
In contrast, the other one has a smaller balance and a larger variation. With this
said, the first author proposed a useful integrated validity index to evaluate any
DEMATEL theory presence by combining Liu's balanced coefficient and Liu's
variation coefficient. Applying this new validity index, three DEMATELS kinds
with a same direct relational matrix are compared that are: the traditional,
shrinkage, and balance. Furthermore, conducted is a simple validity experiment
Results. show that the balance DEMATEL has the best performance. And that,
the shrinkage coefficient's performance is better than that of the traditional
DEMATEL.
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1. Introduction

From 1972 to 1979, the decision Making Trial and Evaluation Laboratory (DEMATEL)
was developed by the Science and Human Affairs Program of the Battelle Memorial Institute
of Geneva [1]. DEMATEL can be used to resolve complex and difficult problems globally,
and has been widely used as one of the best tools to solve the cause and effect relationship of
various evaluation factors [1-4]. Buta DEMATEL's indirect relation is always far greater than
its direct relation, Especially, as the indirect relation matrix does not normalize as that of the
direct relational matrix. Hence, the traditional DEMADEL is unfair and inaccurate [5-6]. Thus,
two improved DEMATELS were proposed: the shrinkage, and balanced. Provided were both,
the balanced and variation coefficients. The balanced coefficient can be used to evaluate the
balance degree between both the DEMATEL's indirect influences and direct influences. If
such influences are balanced, the variation coefficient can be used to evaluate the DEMATE
relation prominence matrix's variation degree. We know that the traditional DEMATEL
always has a smaller balance coefficient and a larger variation coefficient. Since the indirect
influence is larger. Hence, we want to obtain both larger balance and larger variation
coefficients. However, how to evaluate the heterogeneous balance-variation order pair of any
two DEMATEL theories; in which one has a smaller balance and a larger variation. In contrast,
the other one has a larger balance and a smaller variation -hence a critical issue. In this paper,
the first author proposed a useful integrated validity index to evaluate any DEMATEL theory
by combining Liu's balanced coefficient and Liu's variation coefficient. Particularly as the
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balance degree is more important than the variation one. When combining the balance
coefficient and variation coefficient in the new validity index, we must give the larger
weighted score to the balance coefficient than that of variation coefficient. Fortunately, as the
balance coefficient is already more sensitive than the variation one. Hence, their average is
possible to be computed.

This paper is organized as follows.- Section 2 introduces the traditional DEMATEL.
Section 3 introduces two improved DEMATELSs: the shrinkage and balanced ones. Section 4
describes both Liu's balanced and variation coefficients, along with the proposed validity
index. Section 5 describes by applying our validity index, the Experiment for comparing the
three DEMATELSs kinds. Section 6 concludes the paper with suggestions and what could
possibly be expected in the future.

2. The traditional DEMATEL

Definition 1. The traditional DEMATEL
The procedure of the traditional DEMATEL method is briefly introduced below: [1-4]

2.1 Calculate the initial direct relation matrix Q

N experts are asked to evaluate the degree of direct influence between two factors based
on a pair-wise comparison. The degree to which the expert e perceived factor i effects on
factor j is denoted as

qi(jE)’ e=12,...,N, qi(je) = {0,1,2,3,4} , J =1,2,...n
For each expert e, an individual direct relation matrix is constructed as

Qe :|:qi(jE):|an , e:1,2,--, N1 q|(|e) :0! I :1,2,...,n (2)

We can obtain their average direct relation matrix, called the initial direct relation matrix
Q as follows:

1)

1 1
Q:[qij]nxn:WZ_;Qy Q; ZNZ;QU 0, J=12,..,n .

2.2 Calculate the direct relation matrix A

=

A=[a], =270 2 m{Zqu} “

8;=0,i=12..n, 0<a;<Li#jij=12..n, 0<)a,)a<Lij=12..n

i21 ol

®)

2.3 Calculate the indirect relation matrix B and the total relation matrix T
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Based on Markov chain theory, we have lim AX=0,,,, (6)
n—0oo
The indirect relation matrix
_ T 2, A3 KT_ a2(1_ A\t
B=[b;] =lm A+ A+ A= A (1-A) -
The total relation matrix
T - [t“ :'nxn - A+ B - |:<an + blj ):|nxn (8)

2.4 Calculate both the relation degree and the prominence degree of each factor

r :Zn:tij, C :Zn:tki, i=12,..n
j=1 k=1 (9)

The value of y; indicates the total dispatch is direct and indirect effects, the effect of factor
i on the other factors, and the value of ¢; which indicates the total receive from both the direct
and indirect effects, and the effects factor i has on the other factors.

The relation degree of factor i is denoted as

X =r—c, 1=L2..,n (10)
The prominence degree of factor i is denoted as
y,=r+c, i=12,..,n (11)

Relation prominence matrix is denoted as
n
(Xi’ Yi )i:l (12)

2.5 Set the threshold value (a)

For eliminating some minor effects elements in matrix T to find the impact-relations map,
Yang et al. [3] has suggested the threshold value below:

1 n n
Ay = —ZZZ%—
n" == (13)
Lia and Tzeng [4] suggested a more information threshold value,cc,, , based on their
maximum mean de-entropy (MMDE) algorithm.

2.6 Build a cause and effect relationship diagram

If t;; >oc, ort;; >y, then factor i is a net dispatch node of factor j, and factor j is a net
receive node of factor i, and is denoted as

(63) = (%3 0 (%0 %0) = (3., (14)

The graph of(x;, y;)i~, including the net direct edges can present a cause and effect
relationship diagram.
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3. The improved DEMATELS

Two improved DEMATELS: the shrinkage DEMATEL and the balanced DEMATEL are
briefly introduced below: [5-6]

3.1 The shrinkage DEMATEL

Our previous paper [2] pointed out that the indirect relation of a traditional DEMATEL
is always far greater than its direct relation. This relation is unbalanced and unfair, because
the indirect relation matrix is not as normalized as the direct relation matrix.

For overcoming this drawback, an external shrinkage coefficient of the indirect relation
matrix, d, was provided to construct a better indirect relation matrix, and a generalized
DEMATEL theory is obtained below:

Definition 2. The shrinkage DEMATEL [5]
LetA = [a;;] and B =[b;] _aredefined as Definition 1. The indirect relation matrix

with shrinkage coefficient d
d -1 1
B, {bﬂ )Ln =dA*(1-dA) ", d €|:2,1:|

The total relation matrix with shrinkage coefficient d

T,=[t"] -A+B,- [(aij +bi§d))}, de [%1} "

The Relation-Prominence of the DEMATEL (A, B,;) with shrinkage coefficient d is
defined as

()@ V@OV (@ @ @ @)
R(A,Bd)—(xi +Yi )i=l_(r' GG )i=1 (17)

(15)

where

(2SO, D =12,
j=1 k=1 (18)
If d=1, the new DEMATEL(A4, By) is just the traditional DEMATEL(A4, B). If d=0.5,

ma [ 36, 57 b7 <1

then =i.i=n ,
and the new DEMATEL(A4, B,) is feasible, since its indirect relation influence is no
longer greater than its direct relation influence.

3.2 The balanced DEMATEL L

Definition 3. The balanced DEMATEL [6]
LetA =[a;] andB=[b;] _are defined as Definition 1.

H= max {Z?:l by > by }

The normalized indirect relation matrix, By is defined by

(19)
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By =8 ], =sB=[(u0))], (20)
Normalized total relation matrix is defined as
Tw=[6"],, = ArBy =[(a+um)] | (21)
The Relation-Prominence of the DEMATEL (A, By) is defined as
—(x™) (N) _ (N) (N) 4 a(N)
R(A! BN) _( ) y| )i: (rl r +C )_1 (22)
where
(N) N7 (N (V) (N)
i ZJ 1t'J » G Z| 1t (23)

4. The validity index of DEMATELS

Liu's balanced coefficient, Liu's variation coefficient and the proposed validity index may
be briefly introduced as follows.

4.1 Liu's balanced coefficient,

Definition 4. The balanced coefficient [6]
LetA = [aij]nxn ,B= [bij] and u = max {¥7_, b;; X1, b;;} be defined as above;

1<i,jsn
therefore the balanced coefficient is defmed as follows
2
B(A \/_

1+ﬂ 0<p(AB)<1 (24)

Note that
u=1<= pB(AB)=1 u=1l< (A B)<1 (25)
4.2 Liu's variation coefficient

Definition 5. The variation coefficient [5-6]
Let A=[ay] . B=[by] _.pu= max (T} b;TlL by} T=][t;] =A+B,

1<i,jsn

rizzn:tij, cizzn:tki, i=12,..,n and (x.,¥;)  =(r—c.r+c)  are defined as
=L k=1

i=1

above.
Then Liu's variation coefficient of the Relation prominence matrix of (A, B) is defined as:
o, (AB)=1- L
i 2 2
1+5\/Z\/(xi %) + (v -%.)
= (26)
where
- 1
Xd_HZJl i :_Zle'

(27)
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4.3 Liu's validity coefficient,

Definition 6. The variation coefficient [5-6]
If A=[a;;] _ ., isthedirect relation matrix, B = [b;;] __is the indirect relation matrix,
nxn nxn
B (A B) is Liu's balance coefficient and o, (A, B) is the variation coefficient, then the
variation coefficient is defined as

vL(A,B)=%[ﬁL(A,B)+GL(A'B)] (28)

5. Experiment

An experiment for Comparing three DEMATELSs, by using the validity index is
conducted as follows:

Suppose 10 experts are asked to evaluate the degree of the direct influence between two
factors based on pair-wise comparison. The degree to which the expert e perceived factor i
effects on factor j is denoted as

qi(,-e)’e=12’--’10_ 0 €{0,1,2,34} j j=1234

(29)
For each expert e, an individual direct relation matrix is constructed as
= Ke)] =12,.10, q =0,i=12,34
Qe |:q|J nxn’ el RN ' q" 1 9 &y (30)
then we can obtain the initial direct relation matrix Q as follows:
1 10 1 10 € - -
= ij = ’ i~ i L =1121314
Q=[a) ], =12 Q W =120 1] an
The direct relation matrix A:
4 4
A=la;| , =2"Q A= max {Zqij,zqu}
X <i, j<4 = Py (32)
0 0.36 0.32 0.32
A [a ] ~10.32 0 0.34 0.30
L7Wdea 1034 030 0 0.30
0.28 0.28 0.30 0 (33)

5.1 DATA for traditional DEMATEL

The indirect relation matrix, total relation matrix, relation-prominence matrix, balance
coefficient, variation coefficient and validity index are listed as follows.
The indirect relation matrix B:
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3.9448 3.8483 3.9290 3.7995
L |3.7483 3.8237 3.7991 3.6907

B=[b]  =A(1-A)"=
4t 3.6807 3.6963 3.8253 3.6331
3.4499 3.4478 3.4963 3.4508

(34)
The maximum row and column value of indirect relation matrix:
n n n n
u=max {3 b, 7 b, =1552150 max {37 &, Y4 =1 o
The balance coefficient is
. (AB) = 2H _ ¢ 4760
1+ u (36)
The total relation matrix T:
3.9448 4.2083 4.2490 4.1195
T —[t ] _ 4.0683 3.8237 4.1391 3.9907
- LWldea 1 40207 3.9963 3.8253 3.9331
3.7299 3.7278 3.7963 3.4508 (37)
The Relation-Prominence matrix of (A, B):
0.7579 32.2851
n 0.2658 31.7781
R(AB)=(x.y,) _ =
i=1 —0.2344 31.7850
—0.7893 30.1989 (39)
The variation coefficient of R(A,B) is: o (A, B)=0.9015 (39)
The validity index of (A,B) is: V, (A, B)=0.6892 (40)

5.2 DATA shrinkage DEMATEL with shrinkage coefficient 0.5

The indirect relation matrix, the total relation matrix, the relation-prominence matrix with
shrinkage coefficient 0.5, the balance coefficient, the variation coefficient and the validity
index are listed as follows:

The indirect relation matrix with the shrinkage coefficient of 0.5:

0.2538 0.1993 0.2144 0.2047

B 0.2012 0.2450 0.2002 0.2012

°®°10.1916  0.2020 0.2450  0.1971
0.1882 0.1879 0.1872 0.2182 (41)

The maximum row and column value of indirect relation matrix with the shrinkage 0.5:
Lys = Max {Z?ﬂbfjc’f’) S bi§°-5>} ~0.8721<1 (42)

1<i, j<n
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The balance coefficient is:

B(A Bys) = i—"”“ —0.9977

/’lo.S (43)
The total relation matrix with the shrinkage coefficient 0.5:
0.2538 0.5593 0.5344 0.5247
~10.5212 0.2450 0.5402 0.5012
®510.5316  0.5020  0.2450  0.4971
0.4682 0.4679 0.4872 0.2182 (44)
The Relation-Prominence matrix of (A, By ):
0.0973 3.6469
n 0.0334 3.5818
R /\,B _ X(QS)' (05) _
(A.Bys) ( ) )i:1 -0.0311 3.5824
—0.0996 3.3826 (45)
The variation coefficient of R(A, B,,): o, (A Bys)=0.7653 (46)
The validity index of (A, By ):
V, (A B,s)=0.8815>V, (A B)=0.6892 47)

5.3 DATA of the balanced DEMATEL

The indirect normalized relation matrix, the total normalized relation matrix, the
normalized relation-prominence matrix, the balance coefficient, the variation coefficient and
the validity index are listed as follows:

The normalized indirect relation matrix:

0.2541
B — 4B 0.2415
N 0.2371

0.2223

0.2479
0.2464
0.2381
0.2221

0.2531
0.2448
0.2464
0.2253

0.2448
0.2378
0.2341
0.2223

(48)
The maximum row and column value of the normalized indirect relation matrix:

— " KN " KN
Hn = maX{ijlbii I }—1

I<i, j<n

(49)
The balance coefficient is: B(AB,)= 2_\/”'“ =1 (50)
1+

N
The normalized Relation-Prominence matrix of (A, B, ) is:
0.1050 3.8950
0.0358 3.8249
-0.0338 3.8254
-0.1070 3.6109

RP, = (%", ny))i”:1 -

(51)
The variation coefficient of R(A, By ) is:
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o (ABy)=0.7717 > o (A By;)=0.7653 (52

The validity index of (A, By ) is:
V, (A By )=0.8859 >V, (A, B,,)=0.8815>V, (A B)=0.6892 (53)

The results of all of the validity indexes show that the balanced DEMATEL has the best
performance, and the performance of the shrinkage DEMATEL with the shrinkage coefficient
0.5 is better than that of the traditional DEMATEL.

6. Conclusion

This paper; evaluates and compares the heterogeneous balance-variation order pair of any
two DEMATEL theories, in which one has a larger balance and a smaller variation. In contrast,
the other one has a smaller balance and a larger variation. With this said, the first author
proposed a useful integrated validity index to evaluate any DEMATEL theory presence by
the average of Liu's balanced coefficient and Liu's variation coefficient. Using this new
validity index, three DEMATELSs kinds with a same direct relational matrix are compared
including the traditional, shrinkage, and balance. Furthermore, conducted is a simple validity
experiment Results. show that the balance DEMATEL has the best performance. And that,
the shrinkage coefficient's performance is better than that of the traditional DEMATEL.
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