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Abstract
Modelling of a decision-maker’s preferences in multi-criteria decision
analysis is performed using weights that reflect the relative importance of the
given decision criteria. The determination of accurate values of the weights is
therefore of considerable importance. Numerous means and methods are used
for this purpose, such as: the entropy method (i.e., the method of objective
weights), the Simos method, the SWARA method, the ANP or AHP methods,
and many others. This paper analyses the DEMATEL method, frequently
used to identify cause-and-effect relationships. Nowadays, it is often used in
multi-criteria decision analyses. In the opinion of some authors, DEMATEL
may be useful also to determine the weights of criteria. However, the approach presented by these authors has certain drawbacks. The present paper
proposes a different approach to the weighting procedure using DEMATEL.
Using numerical examples, it also presents weights determined by this
method and compared to those obtained using the AHP method.
Keywords: DEMATEL method, multi-criteria decision analysis, weights of criteria.

1

Introduction

Weighting of criteria plays a key role in solving multi-criteria decision problems.
As is known, the preferences of the decision-maker related to individual criteria
have the form of weights expressing the relative significance of the criteria. In
certain circumstances, it is possible to determine weights using the entropy
method, as presented, i.a., in papers by Shannon and Weaver (1963) or Ignasiak
(2001). The entropy method constitutes a reasonably objective means of defining
*
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weights, which allows for estimation of the importance of the analysed criteria
on the basis of ratings discrepancies of analysed variants with respect to each
criterion. Therefore, such methods of weighting are classified in the literature as
objective weighting methods (Deng et al., 2000). In general, however, we have
to deal with the situation when the some of the criteria are preferred by the decision-maker more than others. Therefore, the entropy method is of little use for
criteria weighting.
In such cases, the most profitable method seems that suggested by Simos (1990).
It involves determining criteria weights based on the opinion of the group of
people using two card sets of the same size (Simos, 1990; Figueira and Roy,
2002). The Simos method has found numerous applications and received positive feedback in solving real-life decision problems.
It should be emphasised that other weighting methods are also known; for
example, the SWARA (Step-wise Weight Assessment Ratio Analysis) method
(Keršuliene et al., 2010; Zolfani et al., 2013) which allows for the inclusion of
experts, lawyers or disputed parties’ opinions regarding the significance ratio of
the attributes in determining rational decisions.
Still other procedures of weighting criteria are described in the literature, e.g.,
in the following papers: Solymosi and Dombi (1986); Edwards and Barron
(1994); Barron and Barret (1996); Roy and Mousseau (1996); Wang and Zionts
(2006); De Almeida et al. (2016).
Another frequently used means of determining weights of criteria is the AHP
method (Saaty, 1980), which is a relatively common tool for solving multicriteria decision problems. It uses a hierarchical structure of the decision problem and is implemented in order to:
 indicate the relative significance of criteria (e.g. global preferences, i.e. criteria weights),
 indicate the ratings of decision-making alternatives relative to individual criteria variants (the so-called local preferences).
In the AHP method, preferences on each level of analysis are indicated by
means of a pairwise comparison matrix (matrix P) of the factors specified at this
level. Pairwise comparison is conducted using Saaty’s relative scale of ranks
(Saaty, 1980). The ability to indicate the importance of the decision criteria is
a substantial benefit of AHP, and the weights determined by its means are used
in multi-criteria decision analyses using other methods.
For the determination of the weights, the ANP method has been also proposed. Relevant applications have been described elsewhere (Lin et al., 2010;
Kabak et al., 2012). Chiu et al. (2013) proposed to use the DEMATEL-based
ANP method for this purpose.
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The DEMATEL method was developed in the 1970s with a view to solving
complex problems in the identification of cause-effect relationships (Gabus and
Fontela, 1972; Fontela and Gabus, 1974). With time, this method has been well
adapted for use in multi-criteria decision making. A description of the DEMATEL method can be found elsewhere (e.g. Dytczak, 2010; Michnik, 2013;
Tzeng and Huang, 2011).
Some authors discuss the use of DEMATEL to determine the significance of
the criteria (e.g. Shieh et al., 2010; Wu and Tsai, 2011; Hsu et al., 2013). Hsu et
al. (2013) described using the DEMATEL approach to recognize influential criteria of carbon management in the green supply chain for improving the overall
performance of suppliers. Shieh et al. (2010) applied DEMATEL to hospital
management by evaluating the importance of criteria and constructing causal relationships among the criteria. Wu and Tsai (2011) discussed the application of
DEMATEL to evaluate the importance of criteria in the auto spare parts industry.
In the DEMATEL method, similarly to the AHP/ANP method, structural relationships occur between the analyzed elements. It is a premise for the use of
DEMATEL in the weighting of criteria. Some authors have discussed the use of
DEMATEL in the weighting process (e.g. Dalalah et al., 2011; Baykasoglu et al.,
2013; Patil and Kant, 2014). In some cases, their approach may lead to incorrect
results (this will be explained in section 3). Here we propose a new approach to
the calculation of criteria weights using DEMATEL and which is different from
the procedures used in the papers above. In the next section, a general description of DEMATEL is presented. The subsequent sections deal with the use of
DEMATEL in multi-criteria decision analysis, as well as in calculating criteria
weights. Furthermore, using numerical examples, a comparison of weights resulting from DEMATEL and AHP has been conducted.

2

Description of the DEMATEL method

As mentioned earlier, the DEMATEL method was elaborated as a procedure for
solving problems of identifying cause-and-effect relationships. For modelling
problems, DEMATEL uses a direct-influence graph, which expresses the mutual
influence of the analysed objects in terms of cause-and-effect relationships (Gabus and Fontela, 1972; Dytczak, 2010; Michnik, 2013; Tzeng and Huang, 2011).
Each node of the graph represents an analysed object, whereas an arc between
two nodes indicates the direction and intensity of influence relations (Figure 1).
The intensity of the influence is defined by values assigned to the given arc. To
express the influence of the i-th object on the j-th object, an N-degree scale is
used, where: 0 – no influence, 1 – medium influence, …, N – maximum influ-
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ence. Gabus and Fontela (1972) adopted a 4-degree scale. Currently, the most
frequently used are: the original 4-degree scale and a 3-degree scale, but other
scales, e.g., a 5-degree scale or even an 8-degree scale are also encountered.
Using the direct influence graph, the direct-influence matrix is created, which
is a square matrix whose size is equal to the number of the objects. Its rows correspond to the objects appearing in the comparison as first. The elements on the
main diagonal are zeros, while elements bij(i ≠ j) different to zero reflect the impact of the i-th object on the j-th object:

 0 b1, 2
b
0
2 ,1
B
 ... ...

bn ,1 bn , 2

... b1,n 
... b2,n 
.
... ... 

... 0 

(1)

Figure 1. Direct-influence graph in the DEMATEL method

It should be noted that both AHP and DEMATEL are based on the accurate
initial matrix, which reflects the relationships between the analysed elements.
However, in AHP, the starting point is the pairwise comparison of all elements
from each individual level of the structure. As a result, the initial pairwise comparison matrix in the original multiplicative version of AHP does not contain zeros. By contrast, the initial direct influence matrix in DEMATEL does contain
zeros. Apart from the main diagonal, zeros can occur also outside the diagonal,
if the corresponding objects do not exert sufficient influence on the others.

DEMATEL as a Weighting Method in… 157

Matrix (1) is normalised, by dividing each element by the maximum value of
the row sum:

ˆ 
B

1
 n

max   bi , j 
i
 j 1 

B

(2)

B.

(3)

or by the maximum value of the column sum:

Bˆ 

1
 n

max   bi , j 
j
 i1


The normalisation of matrix B can be performed using the greater of these
two sums, which is one of the possible ways of normalisation. The direct influence matrix may also require a more complex normalisation to obtain convergent powers of the matrix in Eq. (5). Here, we use the normalisation recommended by the authors of the DEMATEL method.
From the normalised direct-influence matrix B̂ we calculate the totalinfluence matrix (T), which covers direct and indirect influences B̂ :
ˆ  B
ˆ.
TB
(4)
The total-influence matrix is described by the equation:





ˆ B
ˆ2 B
ˆ 3  ...  B
ˆ I B
ˆ 1 ,
TB

(5)

where I is the n  n unit matrix.
Matrix T allows to express a relation between the considered objects, covering both direct and indirect influences. For this purpose, appropriate indicators
are used, defined as importance indicator (t+) and relation indicator (t). They are
determined using sums and differences of the row and column sums of matrix T
corresponding to the i-th object:
n

n

j 1

j 1

n

n

j 1

j 1

t i    t i , j   t j ,i ,

t i    t i , j   t j ,i .

(6)
(7)

The importance indicator expresses the role of the object in determining the
relation structure between the objects, while the relation indicator expresses the
general character of the object, understood as the total influence of this object on
all the remaining ones. A positive value of the relation indicator confirms that
the given object constitutes the cause, whereas a negative value proves the effect
character of the object. The absolute value of the indicator defines the intensity
of the effect nature of the object.
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DEMATEL can be used as a method of multi-criteria decision making, if the
analysed objects represent alternative solutions of the decision problem. Suggestions to use DEMATEL in multi-criteria decision making have been proposed
and described in numerous papers (e.g. Chen and Tzeng, 2011; Chen et al.,
2010; Lee et al., 2013; Lin and Wu, 2008; Liou, 2007; Shen et al., 2011; Tamura
and Akazawa, 2005a, 2005b, 2006; Tzeng et al., 2007; Wu and Lee, 2007; Yang
and Tzeng, 2011).

3

The determination of weights using the DEMATEL method

In the papers Baykasoglu et al. (2013) and Dalalah et al. (2011), the
DEMATEL method is used also to determine weights of criteria using the following dependencies:



i  ti   ti 



2 1/ 2

2

.

(8)

The values i can be normalised as follows:

Wi 

i

n

 i

,

(9)

i 1

where Wi are the final criteria weights to be used in the decision-making process.
This is not an accurate approach, since by using the above equations the same
weight is assigned to any two criteria i and j, i  j, for which ti  t j but

ti  t j (whereby t j  0 ).
Here, a different approach is proposed for determining the criteria weights
using DEMATEL, which does not have this drawback. We assume that the indicators ti and ti are determined from Eqs. (6) and (7) using the total-influence
matrix that results from the direct-influence graph, reflecting the relative importance of the criteria. Since the role and level of the objects’ influence are proportional to the value of importance and relation indicators, it is suggested, as one
of the possibilities, that the weights be determined as proportional to the average
value (taverage) of the appropriate pair of indicators ti and ti (Kobryń, 2014).
From Eqs. (6) and (7), we obtain:

tiaverage 





n
1  
ti  ti   ti , j .
2
j 1

(10)
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To calculate the normalised weights (

w

i

 1 ), the following equation can

be used:

wi 

tiaverage
n

t
i 1

.

(11)

average
i

However, it should be noted that if any criterion is totally dominated by other criteria, the corresponding ratings of this criterion resulting from the direct-influence
graph are equal to 0. This creates substantial difficulties, since as a result, the corresponding row in the direct-influence matrix consists of zeros only. Therefore, as
seen from Eq. (5), the corresponding row of the total-influence matrix T will also
consist of zeros. From Eqs. (6), (7) and (10), we see that in this case tiaverage = 0, and
therefore – in accordance with Eq. (11) – we have wi = 0. But this would mean that
the given criteria exert practically no influence on results of the analysis.
It may be worth mentioning here that a very popular weighting procedure is
the AHP method. However, it should be noted that when a given criterion is
dominated by another criterion, the calculation procedure of AHP leads to the
assignment of a positive and relatively small weight to this criterion (see numerical examples in the next section).
It is significant that all the criteria should have an adequate influence on the
final result of the analysis. Criteria whose weights are zeros cannot occur in the
set of criteria. Therefore, when comparing criteria and determining their weights
using the DEMATEL method, it is necessary to correct the weight values calculated from Eq. (11).
We propose to increase the weights using the same value :

wicorrected  wi  

(12)

and then to re-normalise them using the following equation:

winormalized 

wicorrected
n

w
i 1

corrected
i

.

(13)

The key issue is to determine the correction value . Obviously, the influence
of the correction on the final weights should be examined.
It seems that the final decision should belong to the decision-maker. Since
the main goal is to correct the weight whose initial value is zero, the correction
value  should be as small as possible. The present author suggests setting   ,
where  is the smallest non-zero weight of the remaining criteria:
  min wi if wi  0 .
(14)
i
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4

Numerical examples

This section presents numerical examples that illustrate the proposed procedure.
In addition, the weights calculated using the DEMATEL method were compared
with the weights calculated using the very popular AHP method.
Example 1 – determining weights of criteria using the DEMATEL method
Assume that the objects i = 1, 2, …, 5 in Figure 1 correspond to the given decision criteria, and that their weights are determined using the suggested procedure. The direct-influence graph from Figure 1 corresponds to the following direct-influence matrix:
0 1 0 0 1 
1 0 0 0 2 


(15)
B   2 2 0 0 3 .


 3 2 0 0 3
1 0 0 0 0
Therefore, the following total-influence matrix T is obtained from Eq. (5):

0.036437
0.161943

T  0.348178

0.477733
0.129555

0.161943 
0.275304 
(16)
0.491903  .

0.512146 
0.020243 
According to Eqs. (6), (7), (10) and (11), the relevant weights are obtained
from matrix T (Table 1).
0.129555
0.020243
0.293522
0.309717
0.016194

0
0
0
0
0

0
0
0
0
0

Table 1: Determination of criteria weights using DEMATEL
Criterion

Importance ( ti )

Relation ( ti )

Weight (wi)

1
2
3
4
5

1.4818
1.2267
1.1336
1.2996
1.6275

-0.8259
-0.3117
1.1336
1.2996
-1.2955
Sum of weights =

0.097
0.135
0.335
0.384
0.049
1.000

Example 2 – comparison of weights determined using the AHP
and DEMATEL methods
Case 2.1: In determining the interdependencies between the criteria, it is important that the relevant ratings be coherent. The coherence of the ratings means
that the following conditions are satisfied: i,j,k=1,2,…,m pi,j pj,k = pi,k, where pi,j,
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pj,k and pi,k are elements of the pairwise comparison matrix. In practice, those
conditions are rarely satisfied by the complete given set of criteria. As it is
known, an integral component of the method is the ratings coherence algorithm
resulting from the pairwise comparison matrix. There is no such possibility,
however, in the DEMATEL method. For that reason, to compare the weights determined using the AHP and DEMATEL methods, we will rely on the ratings
assumed for the calculation purposes in the AHP method.
In the case of DEMATEL, the weights are calculated as proposed here, i.e.
using Eqs. (10) through (14). Additionally, for comparison, the weights will be
calculated using Eqs. (8) and (9).
Assume the following pairwise comparison AHP matrix:
9 9 5
3 
 1
1 / 9 1 3 1 / 5 1 / 9


(17)
P  1 / 9 1 / 3 1 1 / 5 1 / 9 .


1 / 5 5 5 1 1 / 3
1 / 3 9 9 3
1 
The following vector of weights is calculated using AHP:
w T  0.505 0.047 0.030 0.132 0.286 .
(18)
Following consistency check results are obtained for calculations using AHP:
max = 5.3691, CR = 0.083. The use of the ratings from matrix P in DEMATEL
requires the agreement of measurement scales used in both methods. Assuming
N = 8 in DEMATEL, we can use the scales from Table 2 (Dytczak, 2010).
Table 2: Agreement of measurement scales used in AHP and DEMATEL
Scale level in AHP
1
2
3
4
5
6
7
8
9

Scale level in DEMATEL (N = 8)
0
1
2
3
4
5
6
7
8

Source: Dytczak (2010).

Additionally, note a lack of feedback for criteria in DEMATEL. For comparison, the following reciprocity rule applies in AHP:

p j ,i  1 / pi , j

(19)
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If feedback does not occur, as for example between criteria 1 and 2 in Figure 1,
the corresponding elements of the direct-influence matrix B are zeros. As a result, it can be assumed that matrix P in AHP corresponds to the following matrix
B in DEMATEL:
0 8 8 4 2 
0 0 2 0 0 


(20)
B  0 0 0 0 0  .


0 4 4 0 0 
0 8 8 2 0
From matrix B, the following total-influence matrix T is obtained:

0 0.431255 0.470460 0.190083 0.090909 
0

0
0.090909
0
0


.
T  0
0
0
0
0


0
0
0 0.181818 0.198347

0 0.380165 0.414726 0.090909

0

(21)

Since criterion 3 is dominated by the remaining criteria (the third row of B is
filled with zeros), the third row of T is also filled with zeros. Therefore, the
weight of the third criterion determined from Eq. (10) is w3 = 0. For that reason,
a correction of all weights is necessary, as shown in Table 3 (since  is small,
we set  =  = 0.0358).
We can see that the weights determined using the two methods usually exhibit high compatibility; the greatest difference of their values occurs for criterion 3 and is equal to w = 0.08.
Table 3: Determining weights of criteria using DEMATEL with correction (case 2.1)
Criterion

Importance
( ti )

Relation
( ti )

Weight
(wi)

1
2
3
4
5

1.1827
1.0841
1.1744
0.6612
0.9767

1.1827
-0.9023
-1.1744
0.0992
0.7949
Sum =

0.4657
0.0358
0.0000
0.1497
0.3488
1.0000

Corrected
weight
(wicorrected)
0.5015
0.0716
0.0358
0.1855
0.3846
1.1790

Normalized
weight
(winormalizaed)
0.425
0.061
0.031
0.157
0.326
1.000

Case 2.2: Analogous calculations will now be conducted for a different set of
initial data. We assume now that the following pairwise comparison matrix is
used in the AHP method:
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1
9

P  9

7
5

1 / 9 1 / 9 1 / 7 1 / 5
1
2
5
5 
1/ 2 1
2
3 .

1 / 5 1 / 2 1 1 / 2
1/ 5 1/ 3 2
1 
From matrix P, the following weight vector is obtained:

(22)

w T  0.029 0.468 0.260 0.114 0.129 .

(23)

Following consistency check results are obtained for calculations using the
AHP method: max = 5.2743, CR = 0.062.
Matrix P in (22) corresponds in the DEMATEL method to the following matrix B:

0
8

B  8

6
4

0
0
0
0
0

0
1
0
0
0

0
4
1
0
1

0
4
2 .

0
0

(24)

We obtain the following total-influence matrix T:

0

0.644556

T  0.521474

 0.352941
0.256055

0
0
0
0

0 0.058824 0.253002 0.242215 
0
0
0.065744 0.117647  .

0
0
0
0


0
0
0.058824
0

(25)

In this case, criterion 1 is dominated by the remaining criteria (the first rows
of B and T consist of zeros). Consequently, the weight of the first criterion (w1)
determined from Eq. (9) is equal to 0 (Table 4). It is therefore necessary to correct all weights. Since  > 0.1, we set  = 0.5  = 0.0612.
Table 4: Determining weights of criteria using DEMATEL with correction (case 2.2)
Criterion

Importance
( ti )

Relation
( ti )

Weight
(wi)

1
2
3
4
5

1.7750
1.1986
0.7637
0.7305
0.6747

-1.7750
1.1986
0.6460
-0.0246
-0.0450
Sum =

0.0000
0.4661
0.2741
0.1373
0.1225
1.0000

Corrected
weight
(wicorrected)
0.0612
0.5274
0.3354
0.1985
0.1837
1.3062

Normalized
weight
(winormalizaed)
0.047
0.404
0.257
0.152
0.140
1.000
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Also in this case, the weights obtained by the two methods exhibit high compatibility (Table 5). As can be seen, the greatest difference between weight values occurs for criterion 2 (w = 0.064) and is even smaller than in case 2.1.
Table 5: The weights obtained by AHP and DEMATEL

0.505
0.047
0.030
0.132
0.286

Weights by DEMATEL
approach outlined in the papers
Baykasoglu et al., (2013); Dalalah et al. (2011)
0.251
0.211
0.249
0.100
0.189

proposed
approach
0.425
0.061
0.031
0.157
0.326

0.029
0.468
0.260
0.114
0.129

0.380
0.256
0.151
0.111
0.102

0.047
0.404
0.257
0.152
0.140

Case

Criterion

Weights
by AHP

2.1

1
2
3
4
5

2.2

1
2
3
4
5

Weights obtained using the proposed approach have been compared also to
those obtained using the DEMATEL method as presented in other papers
(Baykasoglu et al., 2013; Dalalah et al., 2011). Compared to them, the proposed
procedure results in a much higher compatibility of weights with the results obtained by the AHP method.

5

Conclusions

Various methods for obtaining criteria weights are known, such as: the entropy
method, the Simos method, the AHP or ANP method, the SWARA method, and
many others.
Some authors propose to use for this purpose also the DEMATEL method.
This is a popular method, which enables an analysis of cause-and-effect relationships. The potential of this method has also been noted in the context of determining weights of criteria (e.g. Baykasoglu et al., 2013; Dalalah et al., 2011;
Hsu et al., 2013; Patil and Kant, 2014; Shieh et al., 2010; Wu and Tsai, 2011).
Some of the procedures proposed there, however, have certain drawbacks.
In this paper, a new approach for determining weights of criteria using the
DEMATEL method has been presented and verified using numerical examples.
Moreover, the obtained weights have been compared to those obtained using
other methods, namely AHP and DEMATEL, but following an approach pre-
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sented elsewhere in the literature (e.g. Baykasoglu et al., 2013; Dalalah et al.,
2011). The numerical examples presented here show that the weights determined
using the proposed approach exhibit high compatibility with weights determined
using the commonly used AHP method.
An implementation of the proposed approach to selected multiple criteria
problems may be the next stage of our research. It is a useful method which can
be applied to various problems.
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