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Abstract. Many risk factors are dependent on each other and taking this into account can be helpful
in managing appropriate decisions. The poor evaluation of these factors will impose high costs in many
real applications especially for a supply chain. There are different methods for risk evaluating and their
effects for ranking them. For instant, in fuzzy DEMATEL method, the experts’ linguistic opinions and
preferences on the agent effects are used as the input. The important point is how these opinions are
aggregated to produce less computational error. In this regard, this paper proposes a new method based
on statistical inferences for a fuzzy DEMATEL approach for evaluating the factors of a supply chain.
This method was applied to a case study and the results showed that the proposed method was better
than other methods for integrating the experts’ opinions in a supply chain. However, this method was
proposed for the evaluation of supply chain factors, it can be applied to other systems as well.

Mathematics Subject Classification. 62A86, 91G70.
Received July 6, 2020. Accepted July 21, 2021.

1. Introduction
Many factors such as international competitors, demanding customers and rapid technological change profoundly impact the markets. Therefore, successful competition in this environment requires reducing operational
costs and enlarging profit margins. For most industrial firms, the purchasing of raw material and component
parts from suppliers constitutes a major expense. Hence, among the various strategic activities involved in
the supply chain management, the purchase decision has profound impacts on the overall system [34]. When
supply chain is faced with risk events, selecting the right suppliers becomes more essential than ever for the
business. Several factors such as unquantifiable information, incomplete information, unobtainable information
and partial ignorance cause the imprecision in decision making. Since conventional MADM methods cannot
effectively handle problems with such imprecise information, therefore fuzzy multiple attribute decision-making
methods have been developed owing to the imprecision in assessing the relative importance of attributes and the
performance ratings of alternatives with respect to attributes [10]. Decision-Making Trial and Evaluation Laboratory (DEMATEL) is a widely used method to analyze and visualize the structure of complex systems through
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matrices and digraphs. The method typically requires dealing with substantial uncertainties and subjectivities
inherent in the judgment process. A review of the literature shows that several extensions of DEMATEL have
been suggested so far dealing with a variety of sources of uncertainty. However, the uncertainty originating
from the human doubt that might arise in the assignment of membership degrees during the assessments is
partly or entirely ignored in these studies [1]. The decision-making trial and evaluation laboratory (DEMATEL) method is a hot issue in industrial engineering field for it can help determine critical factors in complex
system. Although lots of efforts have been spent on improving the DEMATEL, they are just the extensions
from the subjective perspective but lack of the objective perspective [7]. However, the crisp values sometimes
cannot reflect human thinking comprehensively [35]. To address this problem, the -maker’s DMs preferences
were measured using fuzzy membership degrees [41]. However, in general, the estimation of experts’ opinions
using exact numerical values, especially in terms of uncertainty, is highly challenging. This is because decision
making results are severely dependent upon inaccurate and ambiguous subjective judgments. This factor has
led to the need to fuzzy logic DEMATEL. As a result, in DEMATEL, type-2 fuzzy linguistic variables are used,
and this can facilitate decision-making under environmental uncertainty conditions [8]. The literature shows
that in reflecting the linguistic preferences fuzzy numbers are more powerful than crisp numbers. However, it
is not clear that which method can make less computational error in aggregating the experts’ opinions. In this
paper, a mathematical and statistical based method is proposed such that we have a more suitable method for
aggregating the experts’ opinions and preferences in fuzzy DEMATEL method.
In this paper, first the literature on supply chain, DEMATEL method, the theory of fuzzy systems, and Fuzzy
DEMATEL are investigated. Then in the following, the research method and proposed method for transforming
the experts’ opinions in fuzzy DEMATEL method has been explained. Moreover, the proposed method is applied
to a case study. The paper is concluded in last section.

2. Subject literature
From the literature, the following can be referred to:

2.1. Supply chain and its influential and influenced factors
The complexities in present day supply chain are numerous and are evolving due to globalization, customization, innovation, flexibility, sustainability and uncertainties. The growing supply chain complexity results in
negative consequences on cost, customer service and reputation. Managing supply chain complexity without
compromising the profitability is a challenging task. Supply chain complexity (SCC) management involves
identifying, prioritizing, measuring, analyzing and controlling/eliminating the drivers of complexity. The SCC
drivers denote number and variety of suppliers, customers, products, processes and uncertainties which are
highly interdependent. Firms need to prioritize the drivers in order to manage and simplify SCC [21]. Thus
identifying all the complexity drivers and their interrelations that lead to unpredictable outcomes in supply
chain is the first step in managing the complexity. Firms within supply chain are interested to address the
dominant drivers rather than addressing all the drivers [11].

2.2. DEMATEL method
Decision-making trial and evaluation laboratory (DEMATEL) has been widely used in decision-making methods with the aim of discovering the relations among the criteria in complex and intertwined problems. DEMATEL method is capable of analyzing the total relations among sets of variables using the mathematical techniques
adopted to obtain logical relationships and direct impact of relationships [23]. Decision-making trial and evaluation laboratory method) DEMATEL) is known as a powerful approach to sum up experts’ opinions about
a problem and utilize them to solve complex and multifaceted problems [5, 25]. DEMATEL method, originally
developed by Battelle Memorial Institute to search for integrated solutions [12], is one of the methods used
to visualize the structure of causal relationships among factors in an understandable manner. It can transfer
the cause-effect relations among factors into a comprehensive model to aid the process of decision making.
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DEMATEL is one the effective technique to find and analyses the inter-relationship among the system factors.
This method transforms the causal relationships between the factors indicators into a tangible structural model.
DEMATEL is a comprehensive method for the preparation and analysis of a structural model that includes
causal relationships between complex factors. This technique acts on directional graphs, and these graphs are
able to display directional relationships between sub-systems. The result of the DEMATEL technique is to
divide the factors into two cause and effect groups [30]. A review of the literature shows that the most common
theories used to model uncertainty inherent in the assessment process and analysis are ordinary fuzzy set theory
[38], intuitionistic fuzzy set (IFS) theory [14], type-2 fuzzy set theory [8], evidence theory [42], grey theory
[37, 40] and 2-tuple fuzzy linguistic representation [24, 32]. According to the review of the literature, the most
widely studied approach considering uncertainty in DEMATEL is based on ordinary fuzzy sets. In order to
model uncertainty inherent in the assessment process, the fuzzy approach uses linguistic terms and corresponding predefined functions with varying membership grades (typically triangular or trapezoidal fuzzy numbers).
This allows dealing with vague and/or ambiguous expressions and judgments of experts.

2.3. The fuzzy system theory
Implementing fuzzy sets in decision making problems represents an important and efficient application compared to classical set theory. Fuzzy logic is the one that replaces the conclusion methods in human brain to
express ambiguity in the form of a number. It introduces a function for the membership in one group that
assigns a number between zero and one to every element. This number represents the level of the element’s
membership in the set. Zero indicates that the element is totally outside the set while one means the element
is completely in the set [3]. In numerous real life situations, the judgments of decisionmakers are normally
characterized by ambiguity. Fuzzy numbers are suggested to suitably express linguistic variables. The triangular
and trapezoidal fuzzy numbers have identified most commonly used fuzzy numbers [27]. In this method, sharp
numerical values are represented as bands of fuzzy numbers with an overlap [2]. In such cases, the use of a
definitive scoring system can be criticized for two reasons; first, definitive methods ignore ambiguity resulting
from people’s judgment and may not be able to convert the changes in linguistic terms into numbers. Secondly,
selecting priorities based on people’s subjective judgments can largely influence the results [9]. Fuzzy logic is
a useful tool for measuring ambiguous concepts related to individual subjective judgment and is a powerful
method to overcome the above-mentioned problems [20].

2.4. Fuzzy DEMATEL
The main advantage of FDEMATEL is to consider the fuzziness and to provide flexibility in a fuzzy environment [4]. Therefore, prior to giving the details of FDEMATEL method, it requires to mention some preliminaries
of fuzzy set theory and important notations. Fuzzy set theory reflects the uncertainties that result from vague
and imprecise linguistic expressions [20]. Fuzzy DEMATEL method is currently applied in many areas such
as management [17, 28], emergency planning [22], health care systems [31, 36], and safety management [5, 15].
The overview of the literature show that for integrating the experts’ opinions and preferences in DEAMTEL,
arithmetic mean has been usually used [26, 29]. Since arithmetic mean is sensitive to outliers, the integration
of experts’ opinions using this method has high error. Thus, a new method is proposed here through which
different methods for the integration of opinions can be evaluated so that the most suitable one is selected.

3. The research method
3.1. Fuzzy sets
f) and parameters (l, m, u) such that l is the
Definition 3.1. Figure 1 shows a triangular fuzzy number (M
smallest possible occurrence value, m is the most probable value, and u is the largest possible occurrence value.
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Figure 1. A triangular fuzzy number.
The left and right sides of each fuzzy number can be linearly determined by the following membership function:

0
x≤l



 x−l
l<x≤m
.
µF (x) = m−l
u−x

m<x≤u


 u−m
0
x>u
Definition 3.2. The following equation shows how a triangular fuzzy number can be represented by the degree
of its left and right membership (l(y) is the degree of left membership and r(y) is the degree of right membership).


f = M l(y) , M r(y) = [l + (m − l) y, u − (u − m) y] , y ∈ [0, 1] .
M
f1 = (l1 , m1 , u1 ) and M
f2 =
Definition 3.3. The mathematical equations for two triangular fuzzy numbers M
(l2 , m2 , u2 ) are defined as follows:
f1 + M
f2 = (l1 + l2 , m1 + m2 , u1 + u2 )
M
f1 − M
f2 = (l1 − u2 , m1 − m2 , u1 − l2 )
M
f1 × M
f2 = (l1 × l2 , m1 × m2 , u1 × u2 )
M
f1 = (k × l1 , k × m1 , k × u1 )
k×M


f1
l1 m1 u1
M
=
,
,
, (k > 0).
k
k k k
Definition 3.4. The following relation converts a fuzzy number to a Crisp number:
  l + 2m + u
1
1
f1 = 1
Crisp M
·
4

3.2. Fuzzy DEMATEL
The fuzzy DEMATEL algorithm is executed in the following steps.
Step 1. The experts express their judgments in linguistic scale. Some linguistic scales of the literature that are
changed to triangular fuzzy number (TFN) are shown in Table 1:
Step 2. The fuzzy initial direct-relation matrix is defined as follows:
Zek = (e
zijk )n×n = ((lijk , mijk , uijk ))n×n
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Table 1. The linguistic scale and corresponding TFNs.
Linguistic scale

No influence (NO)
Very Low influence (VL)
Low influence (L)
High influence (H)
Very High influence (VH)

References
[4, 13, 16, 18, 19, 26, 29, 39] [33]
TFN
TFN

[31]
TFN

(0, 0, 0.25)
(0, 0.25, 0.5)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.75, 1, 1)

(0, 0.01, 0.3)
(0.2, 0.3, 0.5)
(0.3, 0.5, 0.7)
(0.5, 0.7, 0.9)
(0.7, 0.9, 1)

(0, 0.1, 0.3)
(0.1, 0.3, 0.5)
(0.3, 0.5, 0.7)
(0.5, 0.7, 0.9)
(0.7, 0.9, 1)

where zeijk shows the judgment of expert k on the impact of factor i on factor j. Therefore, the fuzzy initial
direct-relation matrix is as follows.


0 ze12k
ze
· · · 1nk
ze2nk 
 ze21k 0
ek = (e
Z
zijk )n×n = 
..
. .
..

. .. 
.
zen1k zen2k · · · 0
Step 3. In this step, the judgments of k experts are aggregated. The review of the literature shows that most
of the researchers have used average method for aggregating the judgments [6, 26, 29, 31, 33, 39]. This forms
the average matrix Ze as the following:


zeij1 ⊕ zeij2 ⊕ . . . ⊕ zeijk
e
Z = (e
zij )n×n =
.
k
n×n
e is calculated.
Step 4. The fuzzy normalized direct-relation matrix X

x
e11 x
e12
x
e
· · · 1n
e21 x
e22
x
e2n
x
e = (e
X
xij )n×n = 
.
.

..
. . ...






x
en1 x
en2 · · · x
enn

z
e
l
m
u
n
where x
eij = rij = rij , rij , rij ; r = max1≤i≤n
j=1 uij .




0
0
e = (e
Step 5. Consider X
xij )ij = lij
, m0ij , u0ij ij where Xl = lij
, Xm = m0ij n×n , Xu = u0ij n×n . The
n×n
e as follows:
elements of these matrices are extracted from X


0
0 l12
l0
· · · 1n
0
0
l2n 
 l21 0

Xl = 
.
.

..
. . ... 
0
0
ln1
ln2
··· 0


0
0 m12
m0
· · · 1n
0
0
m2n 
 m21 0

Xm = 
.
.

..
. . ... 
m0n1 m0n2 · · · 0


0 u012
u01n
·
·
·
u02n 
 u021 0

Xu = 
.
.

..
. . ...  .
u0n1 u0n2 · · · 0




P
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Step 6. The fuzzy total relation matrix Te is obtained as follows:


e1 + X
e2 + . . . + X
ek
Te = lim X
k→∞



e
t11 e
t12
e
e
t
 21 t22
Te = 
..

.
e
tn1 e
tn2

···
..

t1n
t2n
..
.
e
tnn







.
···

00
e
tij = lij
, m00ij , u00ij
 00 


−1 
−1 
−1
where lij
= Xl × (I − Xl ) , m00ij = Xm × (I − Xm ) , u00ij = Xu × (I − Xu ) .
Step 7. The non-fuzzy total relation matrix is obtained as follows:

00
+ 2m00ij + u00ij
lij
tij =
·
4
Step 8. The experts should identify a threshold value (α) to filter out some negligible casual relationships. If
tij ≥ α, then element i has a significant causal relationship on element j.
Step 9. The values of the matrices D and R, where D is the sum of columns and R is the sum of rows of
matrix T , are obtained (they represents the influence on and the relationships with others):
T = (tij )n×n , i, j ∈ {1, 2, . . . , n}


n
X
D=
tij 
= (ti )n×1
j=1

R=

n
X
i=1

n×1

!t
tij

= (tj )n×1 .
1×n

Some criteria have positive values of D−R and therefore greatly influence other criteria. These criteria are
called dispatchers; others have negative values of D−R and thus are greatly influenced by other criteria.
These are called receivers. The value of D+R indicates the degree of relationship between each criterion
with other criteria. Criteria having greater values of D+R have stronger relationships with other criteria,
while those having smaller values of D+R have less of a relationship with others.
Step 10. Using values of D+R and D−R, make an impact relationship chart that shows the causal relationships
of the elements.

3.3. ANOVA (ANALYSIS OF VARIANCE)–MANOVA (MULTIVARIATE ANALYSIS
OF VARIANCE)
Hypothesis testing for a single variable, such as the t-test and Z-test, are used for testing one or two samples
in a univariate case, while in a case with several variables (the multivariate case), Hotelling’s test (T 2 ) is used.
These tests cannot be used for three or more samples. Thus a new technique should be considered for this
purpose. Analysis of variance (ANOVA) for one dependent variable and a multivariate analysis of variance
(MANOVA) for several dependent variables measured on each sampling unit will be used to test the equality of
means for three or more samples. ANOVA can be used in the case of two means (two samples), and the results
will be the same as the Z or t tests. Assumptions of ANOVA:
(1) Normality: the samples must be selected from populations that are normally or approximately normally
distributed.
(2) Independence: the samples must be independent.
(3) Homogeneity: the variances of the populations must be equal.
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One-way ANOVA
It considers only one independent variable (X) (called a factor) at g levels (groups), and the objective is to
study the effect of different levels of the factor on a continuous response (Y ). In a one-way ANOVA, researchers
are interested in testing the following hypotheses:

H0 : µ1 = µ2 = . . . = µn
H1 : µi 6= µj for at least one pair (i, j) , i = 1, 2, . . . , n.
Two-way ANOVA
The idea of one-way analysis of variance can be extended to include two independent variables (factors);
each variable has at least two levels and one response variable. The technique for analyzing the effect of two
independent variables is called a two-way analysis of variance. Suppose there are two factors, factor A at g levels
and factor B at q levels. The researchers are interested in testing the following hypotheses.
Hypothesis about the effect of the first factor (factor A):

H0 : α1 = α2 = . . . = αg = 0
H1 : at least one αi 6= 0, i = 1, 2, . . . , g.
Hypothesis about the effect of the second factor (factor B):

H0 : β 1 = β 2 = . . . = β q = 0
H1 : at least one βj 6= 0, j = 1, 2, . . . , q.
Hypothesis about the effect of interaction between the two factors A and B:

H0 : (αβ)ij = 0
H1 : at least one (αβ)ij 6= 0.
MULTIVARIATE ANALYSIS OF VARIANCE (MANOVA)
The idea of a multivariate analysis of variance (MANOVA) is the same as a univariate analysis of variance
(ANOVA), because both methods are used to test the equality of means for three or more samples. However, the
difference between ANOVA and MANOVA is that ANOVA is used when only one response variable (dependent
variable) is measured for each experimental unit, while MANOVA is used when several response variables
(dependent variables) are measured for each experimental unit. Assumptions for MANOVA:
(1) Normality: the samples must be selected from populations that are normally or approximately normally
distributed.
(2) Independence: the samples must be independent.
(3) Homogeneity: all populations have a common variance-covariance matrix.
(4) Multivariate normal: each population is multivariate normally distributed.
One-way MANOVA
The concept of one-way MANOVA is the same as one-way ANOVA, and the difference between them is the
number of response variables (dependent variables). In a multivariate case, there are g populations, and the
objective is to compare these populations based on several measurements (dependent variables), i.e., whether
the g samples’ mean vectors are the same or not. In a one-way MANOVA, the researchers are interested in
the following hypothesis (a sample with size of n is from k-variate normal populations with equal covariance
matrices):







µ11
µ21
µg1




 µ12 
 µ22 
 µg2 






H0 : µ1 = 
 ..  = µ2 =  ..  = . . . = µg =  .. 
.
.
.



µ1k
µ2k
µgk


H1 : at least two µ’s are different
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where, µ is a vector.
If the null hypothesis is not rejected, the g means are equal for each dependent variable, while rejecting the
null hypothesis means that at least two means (groups) differ for at least one dependent variable.
Two-way MANOVA
Suppose there are two factors: factor A has a levels and factor B has b levels. The objective is to investigate
the effect of different levels of each factor on several responses measured on the same experimental unit. In
a two-way multivariate analysis of variance (MANOVA), the researchers are interested in three hypotheses –
the first two hypotheses are related to the main effect of each factor and the third hypothesis is related to the
interaction between the different levels of factor A and factor B. The hypotheses for interaction and main effects
can be tested by using the Wilk’s test.

4. Proposed method
As was said in step 3 of Section 3.2, in DEMATEL method, the aggregated matrix is obtained by combining
the experts’ opinions and preferences. In the literature, most of the studies have used arithmetic mean. However,
this method is drastically sensitive to outliers. That is, the incorrect judgment of one or a few experts may affect
the aggregated matrix of the judgments and increase the computational error. Taking this into account, this
paper proposes a method that, among different aggregation methods, can identify the proper one for each case
study.

4.1. The fuzzy initial direct-relation matrix
The steps 1 and 2 are the same as the general fuzzy DEMATEL explained in Section 3.2. So, the fuzzy initial
direct-relation matrix is shown as follows:


0 ze12k
ze
· · · 1nk
ze2nk 
 ze21k 0
Zek = (e
zijk )n×n = ((lijk , mijk , uijk ))n×n = 
..
. 
..

. .. 
.
zen1k zen2k · · · 0
where zeijk represents the judgment of expert k on the impact of factor i on factor j.

4.2. Methods for aggregating the experts’ judgments of step 3
4.2.1. Conventional method (CM): average of experts’ judgments


zeij1 ⊕ zeij2 ⊕ . . . ⊕ zeijk
Ze = (e
zij )n×n =
= (lij , mij , uij )n×n .
k
n×n
4.2.2. The proposed methods for aggregating experts’ judgments
The first method (FM): Min lijk -Average mijk -Max uijk

 P


mijk
e
Z = (e
zij )n×n = {min (lij1 , lij2 , . . . , lijk )} ,
, {max (uij1 , uij2 , . . . , uijk )}
.
k
n×n
The second method (SM): Modified averages
 P

P

lijn0 0
uijn00 00
e
Z = (e
zij )n×n =
n ∈ (∀lijk < mij ) , mij ,
n ∈ (∀uijk > mij )
k0
k 00
n×n

P
mijk
, k 0 is the number of experts, so that the values of lijk are less than mij , and k 00 is the
where mij =
k
number of experts, so that the value of uijk is more than mij .
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Table 2. The Fuzzy DEMATEL outputs with regard to different methods of aggregating
experts’ judgments.
Important factors in
supply chain

F1
F2
..
.
Fn

Methods for aggregating experts’ judgments
CM
D+R D−R

FM
D+R D−R

SM
D+R D−R

TM
D+R D−R

A11
A21
..
.
An1

A12
A22
..
.
An2

A13
A23
..
.
An3

A14
A24
..
.
An4

B11
B21
..
.
Bn1

B12
B22
..
.
Bn2

B13
B23
..
.
Bn3

B14
B24
..
.
Bn4

The third method (TM): interval confidence
Ze = (e
zij )n×n = mij − 3Slij , mij , mij + 3Suij
P

P


n×n

P

P
P
mijk
(lij −lijk )2
lijk
(uij −uijk )2
uijk
where mij =
,
S
=
,
l
=
,
S
=
and
u
=
.
lij
ij
uij
ij
k
k−1
k
k−1
k
Note: if mij − 3Slij < 0 then mij − 3Slij = 0 and if mij + 3Suij > 1 then mij + 3Suij = 1.




4.3. The steps 4–10 are the same with the general fuzzy DEMATEL explained in
Section 3.2
4.4. The comparison of the improved fuzzy DEMATEL to different methods of
aggregating experts’ judgments
Each one of the methods given in Section 4.2 for integrating experts’ opinions have different outputs in
terms of D+R and D−R values for important factors of a supply chain (Tab. 2). These two values depend on
one subject (the method of aggregating experts’ opinions). Thus, we use one-way MANOVA to evaluate the
aggregation method.
In One-way MANOVA, the hypothesis for Table 2 is expressed as follows:










µD+R
µD+R
µD+R
µD+R
H0 : µCM =
= µFM =
= µSM =
= µTM =
µD−R
µD−R
µD−R
µD−R

H1 : at least two µ’s are different.
If the null hypothesis is rejected, it means that there is a significant difference between the aggregation methods.
In this case, the most appropriate method can be selected using the other tests of one-way MANOVA.

5. Case study
To evaluate the proposed method, a case study is presented here. The training supply chain of Iranian national
oil company includes the training centers of the company, different companies, both internal and external, that
provide training materials, training units of different oil companies covered by Iranian national oil company as
the distributor of the training courses, and all employees of Iranian national oil company as those who receive
these trainings. Accordingly, Mahmoudabad oil training center was selected as our case study.

5.1. Mahmoudabad oil training center
It is Located on the coasts of Mazandaran Sea with an area of 26 hectares. It has around 28 000 m2 of training
and dormitory area. The center was established in January 1985 to train the experts required in the oil industry.
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The training center had 19 years of academic activity starting in January 1985 in associate degree and bachelor’s
degree in mechanic, electricity, electronic, gas supply and petro chemistry. Then in Since July 2003 hitherward,
the Center joined the Human Resource Development of the National Iranian Oil Co. with a mission to provide
the training needed by experts and managers and recruiting in the oil industry.
5.1.1. Vision statement
Turning the center to an active leading focal point in training and consultation in oil industry in Iran and in
the region and gaining professional recognition at international level is our goal.
5.1.2. Mission statement
– The center renders sophisticated training and consultation services adapted to suit the needs of companies
affiliated the ministry of oil.
– The center is committed to satisfy and increase the number of its customers and constantly improve its
efficiency while maintaining the prevalent values and regulations.

5.2. The key factors in Mahmoudabad training center
Based on the conducted studies, customers, processes, and financial factors are so critical for this center that
each one has been divided into multiple sub-factors, described in the following.
Customers factors (C):
–
–
–
–

Promoting the marketing system (C1).
Attracting new customers and enhancing the market share (C2).
Increasing customer satisfaction and making loyal customers (C3).
Fulfilling the needs of managers and experts and carrying out constant research on training needs analysis
and needs creation (C4).
– Concentrating on the services to be provided to individuals and organizations and promoting the cultural
level of families (C5).
– Increasing diversity, distinctiveness and outsourcing (C6).
– Increasing productivity and empowerment of the center staffs (C7).
Processes factors (P):
– Promoting infrastructure and tools and improving procedures (P1).
– Improving and upgrading training quality (P2).
– Developing and networking joint scientific cooperation with other reliable domestic and international companies and institutes (P3).
– Cooperating with various section in the oil industry with an aim to improve management and engineering
systems and methods (P4).
Financial factors (F):
– Increasing sales and the value added (F1).
– Managing costs by focusing on priorities (F2).

5.3. Evaluating of factors with proposed method
To assess how influential these factors are and how they are influenced, a questionnaire was designed and sent
for 50 experts of this field. They were asked to express their opinion in linguistic scale as no influence (NO),
very low (VL), Low (L), high (H), and very high (VH) influence (Tab. 3). From these, 38 questionnaires were
completed and returned.
These linguistic scales are transformed to triangular fuzzy number (TFN) as in Table 4:
Accordingly, the fuzzy initial direct-relation matrix for expert 1 is shown in Table 5.
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Table 3. The judgments in linguistic scale for expert 1.
Expert 1

C1

C2

C3

C4

C5

C6

C7

P1

P2

P3

P4

F1

F2

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

0
H
L
L
H
L
VH
L
H
H
H
VL
VL

VH
0
VH
VH
H
H
VH
VH
VH
H
H
L
L

H
L
0
H
L
VL
VH
VH
VH
VH
H
L
L

VH
VH
H
0
L
H
H
H
H
VH
VH
L
L

H
H
H
L
0
VL
L
L
L
L
L
H
H

VH
VH
VL
VH
H
0
L
L
L
L
L
L
L

H
H
L
H
VL
L
0
H
H
H
H
H
H

L
L
H
VH
VL
L
VH
0
H
VH
VH
H
H

L
H
L
VH
NO
H
VH
VH
0
VH
VH
H
H

VH
H
L
H
L
L
VH
L
L
0
L
H
H

H
VH
H
H
L
H
H
L
L
H
0
H
L

VH
VH
VH
VH
L
H
H
H
VH
H
H
0
H

H
VH
H
H
L
L
H
H
H
L
L
H
0

Table 4. The relationship between linguistic scales and fuzzy numbers.
Linguistic scale

Triangular Fuzzy Number (TFN)

No influence (NO)
Very Low influence (VL)
Low influence (L)
High influence (H)
Very High influence (VH)

(0, 0, 0.25)
(0, 0.25, 0.5)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.75, 1, 1)

Table 5. The fuzzy initial direct-relation matrix for expert 1.
Expert 1

C1

C2

C3

C4

C5

C6

C7

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

(0, 0, 0)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.75, 1, 1)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0, 0.25, 0.5)
(0, 0.25, 0.5)

(0.75, 1, 1)
(0, 0, 0)
(0.75, 1, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)

(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0, 0, 0)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0, 0.25, 0.5)
(0.75, 1, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)

(0.75, 1, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0, 0, 0)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)

(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0, 0, 0)
(0, 0.25, 0.5)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)

(0.75, 1, 1)
(0.75, 1, 1)
(0, 0.25, 0.5)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0, 0, 0)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)

(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0, 0.25, 0.5)
(0.25, 0.5, 0.75)
(0, 0, 0)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)

The fuzzy initial direct-relation matrix was calculated for all of the experts. For aggregating the experts’
opinions, the conventional method (CM) and the proposed methods of this research have been used
(Tabs. 6–9).
The remaining of the calculations were done using fuzzy DEMATEL. The remarkable
note for the case study
 
−1
is that in the proposed FM method (I − Xu )−1 is undefined, and consequently, u00ij = Xu × (I − Xu ) is not
defined. Therefore, this method cannot be used in the case study. The values for D+R and D−R for each one
Tables 6, 8, and 9 are reported in Table 10.
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Table 5. continued.
P1

P2

P3

P4

F1

F2

(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.75, 1, 1)
(0, 0.25, 0.5)
(0.25, 0.5, 0.75)
(0.75, 1, 1)
(0, 0, 0)
(0.5, 0.75, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)

(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.75, 1, 1)
(0, 0, 0.25)
(0.5, 0.75, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0, 0, 0)
(0.75, 1, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)

(0.75, 1, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.75, 1, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0, 0, 0)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)

(0.5, 0.75, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0, 0, 0)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)

(0.75, 1, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.75, 1, 1)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0, 0, 0)
(0.5, 0.75, 1)

(0.5, 0.75, 1)
(0.75, 1, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.5, 0.75, 1)
(0.25, 0.5, 0.75)
(0.25, 0.5, 0.75)
(0.5, 0.75, 1)
(0, 0, 0)

Table 6. The aggregation of the experts’ judgments with the conventional CM manner in
fuzzy DEMATEL.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

C1

C2

C3

C4

C5

C6

C7

(0, 0, 0)
(045, 0.65, 0.88)
(0.43, 0.68, 0.9)
(0.58, 083, 0.95)
(0.35, 0.55, 0.78)
(0.38, 0.63, 0.85)
(0.5, 0.73, 0.9)
(0.45, 0.68, 0.9)
(0.48, 0.73, 0.95)
(0.55, 0.8, 1)
(0.48, 0.73, .098)
(0.5, 0.73, 0.88)
(0.35, 0.58, 0.78)

(0.63, 0.88, 1)
(0, 0, 0)
(0.65, 0.9, 1)
(0.63, 0.83, 1)
(0.5, 0.75, 0.95)
(0.58, 0.83, 1)
(0.63, 0.88, 0.98)
(0.6, 0.85, 1)
(0.68, 0.93, 1)
(0.6, 0.85, 1)
(0.63, 0.86, 1)
(0.45, 0.68, 0.85)
(0.3, 0.53, 0.78)

(0.35, 0.5, 0.73)
(0.2, 033, 0.58)
(0, 0, 0)
(0.58, 0.78, 0.98)
(0.48, 0.73, 0.95)
(0.35, 0.58, 0.8)
(0.6, 0.85, 0.98)
(0.68, 0.93, 1)
(0.6, 0.85, 1)
(0.5, 0.75, 0.9)
(0.55, 0.8, 1)
(0.5, 0.73, 0.88)
(0.3, 0.5, 0.75)

(0.38, 0.63, 0.85)
(0.4, 0.58, 0.73)
(0.43, 0.68, 0.88)
(0, 0, 0)
(0.43, 0.68, 0.9)
(0.38, 0.58, 0.8)
(0.55, 0.8, 0.98)
(0.45, 0.68, 0.9)
(0.53, 0.78, 0.98)
(0.5, 0.73, 0.88)
(0.53, 0.78, 0.95)
(0.38, 0.5, 0.75)
(0.3, 0.48, 0.73)

(0.35, 0.58, 0.83)
(0.38, 0.58, 0.8)
(0.3, 0.55, 0.78)
(0.43, 068, 0.88)
(0, 0, 0)
(0.25, 0.43, 0.68)
(0.38, 0.63, 0.83)
(0.28, 0.45, 0.7)
(0.43, 0.68, 0.9)
(0.33, 0.53, 0.75)
(0.4, 0.65, 0.88)
(0.43, 0.65, 0.88)
(0.33, 0.5, 0.75)

(0.45, 0.7, 0.9)
(0.4, 0.63, 0.83)
(0.25, 0.48, 0.73)
(0.45, 0.68, 0.88)
(0.28, 0.45, 0.7)
(0, 0, 0)
(0.3, 0.55, 0.78)
(0.38, 0.6, 0.83)
(0.45, 0.7, 0.9)
(0.48, 0.73, 0.95)
(0.5, 0.75, 0.95)
(0.4, 0.63, 0.83)
(0.28, 0.5, 0.75)

(0.23, 0.43, 0.68)
(0.35, 0.55, 0.78)
(0.33, 0.55, 0.8)
(0.48, 0.73, 0.9)
(0.43, 0.65, 0.85)
(0.33, 0.55, 0.8)
(0, 0, 0)
(0.48, 0.7, 0.9)
(0.5, 0.75, 0.98)
(0.48, 0.7, 0.88)
(0.48, 0.7, 0.9)
(0.45, 0.65, 0.83)
(0.33, 0.53, 0.75)

Table 6. continued.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

P1

P2

P3

P4

F1

F2

(0.3, 0.53, 0.78)
(0.35, 0.55, 0.78)
(0.38, 0.63, 0.85)
(0.5, 0.75, 0.93)
(0.33, 0.55, 0.8)
(0.33, 0.55, 0.8)
(0.48, 0.7, 0.9)
(0, 0, 0)
(0.5, 0.75, 0.98)
(0.53, 0.78, 0.93)
(0.55, 0.8, 0.93)
(0.5, 0.73, 0.93)
(0.33, 0.48, 0.7)

(0.28, 0.5, 0.75)
(0.48, 0.73, 0.98)
(0.45, 0.7, 0.9)
(0.53, 0.78, 0.95)
(0.48, 0.7, 0.9)
(0.4, 0.65, 0.9)
(0.58, 0.83, 0.98)
(0.63, 0.88, 1)
(0, 0, 0)
(0.6, 0.85, 1)
(0.63, 0.88, 0.98)
(0.53, 0.75, 0.9)
(0.38, 0.63, 0.88)

(0.53, 0.78, 0.95)
(0.53, 0.78, 0.95)
(0.38, 0.6, 0.83)
(0.45, 0.7, 0.93)
(0.4, 0.65, 0.9)
(0.38, 0.6, 0.83)
(0.5, 0.75, 0.93)
(0.5, 0.73, 0.9)
(0.43, 0.65, 0.88)
(0, 0, 0)
(0.5, 0.75, 0.95)
(0.5, 0.73, 0.88)
(0.25, 0.45, 0.7)

(0.43, 0.65, 0.9)
(0.55, 0.8, 0.95)
(0.38, 0.58, 0.83)
(0.5, 0.75, 0.95)
(0.45, 0.7, 0.9)
(0.4, 0.63, 0.83)
(0.43, 0.68, 0.9)
(0.53, 0.78, 0.98)
(0.58, 0.83, 0.98)
(0.55, 0.8, 0.98)
(0, 0, 0)
(0.4, 0.63, 0.85)
(0.25, 0.48, 0.73)

(0.6, 0.85, 0.98)
(0.68, 0.93, 1)
(0.58, 0.83, 1)
(0.6, 0.85, 1)
(0.55, 0.8, 0.95)
(0.48, 0.73, 0.95)
(0.55, 0.8, 0.98)
(0.55, 0.8, 0.98)
(0.55, 0.8, 0.98)
(0.5, 0.75, 0.95)
(0.5, 0.73, 0.83)
(0, 0, 0)
(0.38, 0.58, 0.8)

(0.33, 0.58, 0.83)
(0.5, 0.73, 0.88)
(0.4, 0.63, 0.88)
(0.5, 0.75, 0.95)
(0.38, 0.6, 0.85)
(0.35, 0.58, 0.8)
(0.43, 0.68, 0.93)
(0.48, 0.73, 0.95)
(0.48, 0.73, 0.95)
(0.38, 0.6, 0.83)
(0.4, 0.65, 0.88)
(0.45, 0.68, 0.83)
(0, 0, 0)
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Table 7. The aggregation of the experts’ judgments with the proposed FM manner in fuzzy
DEMATEL.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

C1

C2

C3

C4

C5

C6

C7

(0, 0, 0)
(0, 0.65, 1)
(0.25, 0.68, 1)
(0.25, 0.83, 1)
(0, 0.55, 1)
(0, 0.63, 1)
(0, 0.73, 1)
(0, 0.68, 1)
(0.25, 0.73, 1)
(0.5, 0.8, 1)
(0.25, 0.73, 1)
(0, 0.73, 1)
(0, 0.85, 1)

(0.5, 0.88, 1)
(0, 0, 0)
(0.5, 0.9, 1)
(0.5, 0.88, 1)
(0, 0.75, 1)
(0.5, 0.83, 1)
(0.25, 0.88, 1)
(0.5, 0.85, 1)
(0.5, 0.93, 1)
(0.5, 0.85, 1)
(0.5, 0.88, 1)
(0, 0.68, 1)
(0, 0.53, 1)

(0, 0.5, 1)
(0, 33, 1)
(0, 0, 0)
(0.25, 0.78, 1)
(0.25, 0.73, 1)
(0, 0.58, 1)
(0.25, 0.85, 1)
(0.5, 0.93, 1)
(0.5, 0.85, 1)
(0, 0.75, 1)
(0.5, 0.8, 1)
(0, 0.73, 1)
(0, 0.5, 1)

(0, 0.63, 1)
(0, 0.58, 1)
(0.25, 0.68, 1)
(0, 0, 0)
(0, 0.68, 1)
(0, 0.58, 1)
(0.25, 0.8, 1)
(0, 0.68, 1)
(0.25, 0.78, 1)
(0, 0.73, 1)
(0.25, 0.78, 1)
(0, 0.55, 1)
(0, 0.48, 1)

(0, .58, 1)
(0, 0.58, 1)
(0, 0.55, 1)
(0, 0.68, 1)
(0, 0, 0)
(0, 0.43, 1)
(0, 0.63, 1)
(0, 0.45, 1)
(0.25, 0.68, 1)
(0, 0.53, 1)
(0.25, 0.65, 1)
(0, 0.65, 1)
(0, 0.5, 1)

(0.25, 0.7, 1)
(0, 0.63, 1)
(0, 0.48, 1)
(0, 0.68, 1)
(0, 0.45, 1)
(0, 0, 0)
(0, 0.55, 1)
(0, 0.6, 1)
(0.25, 0.7, 1)
(0.25, 0.73, 1)
(0.25, 0.75, 1)
(0, 0.63, 1)
(0, 0.5, 1)

(0, 0.43, 1)
(0, 0.55, 1)
(0, 0.55, 1)
(0, 0.73, 1)
(0, 0.65, 1)
(0, 0.55, 1)
(0, 0, 0)
(0, 0.7, 1)
(0.25, 0.75, 1)
(0, 0.7, 1)
(0, 0.7, 1)
(0, 0.65, 1)
(0, 0.53, 1)

Table 7. continued.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

P1

P2

P3

P4

F1

F2

(0, 0.53, 1)
(0, 0.58, 1)
(0, 0.63, 1)
(0.25, 0.75, 1)
(0, 0.55, 1)
(0, 0.55, 1)
(0, 0.7, 1)
(0, 0, 0)
(0.25, 0.75, 1)
(0, 0.78, 1)
(0, 0.8, 1)
(0, 0.73, 1)
(0, 0.48, 1)

(0, 0.5, 1)
(0.25, 0.73, 1)
(0, 0.7, 1)
(0.25, 0.78, 1)
(0, 0.7, 1)
(0, 0.65, 1)
(0.25, 0.83, 1)
(0.5, 0.88, 1)
(0, 0, 0)
(0.5, 0.85, 1)
(0.25, 0.88, 1)
(0, 0.75, 1)
(0, 0.63, 1)

(0, 0.78, 1)
(0.25, 0.78, 1)
(0, 0.6, 1)
(0.25, 0.7, 1)
(0, 0.65, 1)
(0, 0.6, 1)
(0, 0.75, 1)
(0, 0.73, 1)
(0, 0.65, 1)
(0, 0, 0)
(0.25, 0.75, 1)
(0, 0.73, 1)
(0, 0.45, 1)

(0, 0.65, 1)
(0.25, 0.8, 1)
(0, 0.58, 1)
(0.25, 0.75, 1)
(0, 0.7, 1)
(0, 0.63, 1)
(0, 0.68, 1)
(0.5, 0.78, 1)
(0.25, 0.83, 1)
(0.25, 0.8, 1)
(0, 0, 0)
(0, 0.63, 1)
(0, 0.48, 1)

(0.25, 0.85, 1)
(0.5, 0.93, 1)
(0.5, 0.83, 1)
(0.5, 0.85, 1)
(0.25, 0.8, 1)
(0.25, 0.73, 1)
(0.25, 0.8, 1)
(0.25, 0.8, 1)
(0.25, 0.8, 1)
(0.25, 0.75, 1)
(0, 0.73, 1)
(0, 0, 0)
(0, 0.58, 1)

(0, 0.58, 1)
(0, 0.73, 1)
(0, 0.63, 1)
(0, 0.75, 1)
(0, 0.6, 1)
(0, 0.58, 1)
(0.25, 0.86, 1)
(0.25, 0.73, 1)
(0.25, 0.73, 1)
(0, 0.6, 1)
(0, 0.65, 1)
(0, 0.68, 1)
(0, 0, 0)

Based on Section 4.4 of the proposed method, to identify the better method for integrating the experts’
opinions in fuzzy DEMATEL method, one-way MANOVA has been used. For this, the data of Table 10 was
loaded into SPSS software. The results have been shown in Tables 11–13.
According to Table 11, the hypothesis H0 is rejected and H1 is accepted, i.e., the different methods of
integrating opinions have significant difference. Table 12 indicates that the dependent variable D+R has caused
this deference. Table 13 shows that TM method is a better method for integrating the experts’ opinions in this
case study.

6. Conclusion
Making a suitable decision on critical factors of a supply chain is special interest for specialists. A nonproper evaluation of supply chain factors can incur huge cost to supply chain members. These factors have
interactions with each other, and calculating the sum of influence given to and received by each factor can
be a suitable measure for the evaluation and ranking of those critical factors. There are different methods for
evaluating and ranking of the factors. In fuzzy DEMATEL approach, linguistic opinions and preferences are
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Table 8. The aggregation of the experts’ judgments with the proposed SM manner in fuzzy
DEMATEL.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

C1

C2

C3

C4

C5

C6

C7

(0, 0, 0)
(0.36, 0.65, 0.92)
(0.39, 0.68, 0.9)
(0.58, 0.83, 1)
(0.31, 0.55, 0.91)
(0.33, 0.63, 0.89)
(0.39, 0.73, 0.97)
(0.42, 0.68, 0.97)
(0.44, 0.73, 0.95)
(0.55, 0.8, 1)
(0.48, 0.73, 0.98)
(0.33, 0.73, 1)
(0.25, 0.58, 0.88)

(0.68, 0.88, 1)
(0, 0, 0)
(0.65, 0.9, 1)
(0.63, 0.88, 1)
(0.44, 0.75, 1)
(0.58, 0.83, 1)
(0.63, 0.88, 1)
(0.6, 0.85, 1)
(0.68, 0.93, 1)
(0.6, 0.85, 1)
(0.63, 0.88, 1)
(0.32, 0.68, 0.92)
(0.3, 0.53, 0.93)

(0.05, 0.5, 0.96)
(0.07, 0.33, 0.9)
(0, 0, 0)
(0.53, 0.78, 1)
(0.44, 0.73, 0.95)
(0.31, 0.58, 0.96)
(0.6, 0.85, 1)
(0.68, 0.93, 1)
(0.6, 0.85, 1)
(0.33, 0.75, 1)
(0.55, 0.8, 1)
(0.33, 0.73, 0.94)
(0.17, 0.5, 0.88)

(0.33, 0.63, 0.89)
(0.17, 0.58, 0.93)
(0.34, 0.68, 0.88)
(0, 0, 0)
(0.39, 0.68, 0.94)
(0.33, 0.58, 0.94)
(0.55, 0.8, 1)
(0.42, 0.68, 0.97)
(0.53, 0.78, 1)
(0.33, 0.73, 0.94)
(0.53, 0.78, 1)
(0.28, 0.55, 0.96)
(0.1, 0.48, 0.93)

(0.35, 0.58, 0.89)
(0.33, 0.58, 0.94)
(0.25, 0.55, 0.89)
(0.34, 0.68, 0.97)
(0, 0, 0)
(0, 0.43, 0.86)
(0.28, 0.63, 0.96)
(0.13, 0.45, 0.89)
(0.39, 0.68, 0.9)
(0.28, 0.53, 0.88)
(0.36, 0.65, 0.88)
(0.39, 0.65, 0.94)
(0.06, 0.5, 0.96)

(0.38, 0.7, 0.9)
(0.31, 0.63, 1)
(0.08, 0.48, 0.78)
(0.38, 0.68, 0.94)
(0.05, 0.45, 0.89)
(0, 0, 0)
(0.25, 0.55, 0.89)
(0.33, 0.6, 0.89)
(0.38, 0.7, 0.9)
(0.44, 0.73, 0.95)
(0.44, 0.75, 1)
(0.31, 0.63, 0.89)
(0.13, 0.5, 0.89)

(0.16, 0.43, 0.78)
(0.31, 0.55, 0.96)
(0.33, 0.55, 0.91)
(0.36, 0.73, 0.94)
(0.34, 0.65, 0.97)
(0.33, 0.55, 0.86)
(0, 0, 0)
(0.41, 0.7, 0.97)
(0.47, 0.75, 1)
(0.36, 0.7, 0.94)
(0.41, 0.7, 0.97)
(0.32, 0.65, 0.97)
(0.28, 0.53, 0.88)

Table 8. continued.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

P1

P2

P3

P4

F1

F2

(0.3, 0.53, 0.83)
(0.28, 0.58, 0.91)
(0.33, 0.63, 0.89)
(0.39, 0.75, 1)
(0.33, 0.55, 0.96)
(0.33, 0.55, 0.91)
(0.41, 0.7, 0.97)
(0, 0, 0)
(0.47, 0.75, 1)
(0.53, 0.78, 1)
(0.55, 0.8, 1)
(0.44, 0.73, 1)
(0, 0.48, 1)

(0.18, 0.5, 0.84)
(0.48, 0.73, 0.98)
(0.38, 0.7, 0.94)
(0.53, 0.78, 1)
(0.41, 0.7, 0.97)
(0.4, 0.65, 0.94)
(0.58, 0.83, 1)
(0.63, 0.88, 1)
(0, 0, 0)
(0.6, 0.85, 1)
(0.63, 0.88, 1)
(0.38, 0.75, 1)
(0.38, 0.63, 0.92)

(0.53, 078, 1)
(0.53, 0.78, 1)
(0.33, 0.6, 0.94)
(0.42, 0.7, 0.93)
(0.4, 0.65, 0.94)
(0.33, 0.6, 0.89)
(0.39, 0.75, 1)
(0.39, 0.73, 0.97)
(0.39, 0.65, 0.94)
(0, 0, 0)
(0.44, 0.75, 1)
(0.33, 0.73, 0.94)
(0.08, 0.45, 0.81)

(0.43, 0.65, 0.97)
(0.55, 0.8, 1)
(0.38, 0.58, 0.97)
(0.44, 0.75, 1)
(0.38, 0.7, 0.94)
(0.31, 0.63, 0.94)
(0.39, 0.68, 0.94)
(0.53, 0.78, 1)
(0.58, 0.83, 1)
(0.55, 0.8, 1)
(0, 0, 0)
(0.36, 0.63, 0.92)
(0.19, 0.48, 0.78)

(0.6, 0.85, 1)
(0.68, 0.93, 1)
(0.58, 0.83, 1)
(0.6, 0.85, 1)
(0.55, 0.8, 1)
(0.44, 0.73, 0.95)
(0.55, 0.8, 1)
(0.55, 0.8, 1)
(0.55, 0.8, 1)
(0.44, 0.75, 1)
(0.33, 0.73, 0.94)
(0, 0, 0)
(0.33, 0.58, 1)

(0.33, 0.58, 0.86)
(0.33, 0.73, 0.94)
(0.4, 0.63, 0.94)
(0.44, 0.75, 1)
(0.38, 0.6, 0.92)
(0.31, 0.58, 0.91)
(0.43, 0.68, 0.93)
(0.44, 0.73, 0.95)
(0.44, 0.73, 0.95)
(0.33, 0.6, 0.94)
(0.36, 0.65, 0.92)
(0.25, 0.68, 0.94)
(0, 0, 0)

Table 9. The aggregation of the experts’ judgments with the proposed TM manner in fuzzy
DEMATEL.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

C1

C2

C3

C4

C5

C6

C7

(0, 0, 0)
(0.02, 0.65, 1)
(0.17, 0.68, 1)
(0.21, 0.83, 1)
(0, 0.55, 1)
(0, 0.63, 1)
(0.02, 0.73, 1)
(0.08, 0.68, 1)
(0.3, 0.73, 1)
(0.48, 0.8, 0.8)
(0.49, 0.73, 0.96)
(0, 0.73, 1)
(0, 0.58, 1)

(0.48, 0.88, 0.88)
(0, 0, 0)
(0.51, 0.0, 0.9)
(0.48, 0.88, 0.88)
(0.14, 0.75, 1)
(0.46, 0.83, 0.83)
(0.34, 0.88, 1)
(0.46, 0.85, 0.85)
(0.56, 0.93, 0.93)
(0.46, 0.85, 0.85)
(0.48, 0.88, 0.88)
(0, 0.68, 1)
(0, 0.53, 1)

(0, 0.5, 1)
(0, 0.33, 1)
(0, 0, 0)
(0.35, 0.78, 1)
(0.3, 0.73, 1)
(0, 0.58, 1)
(0.33, 0.85, 1)
(0.56, 0.93, 0.93)
(0.46, 0.85, 0.85)
(0, 0.75, 1)
(0.48, 0.8, 0.8)
(0, 0.73, 1)
(0, 0.5, 1)

(0, 0.63, 1)
(0, 0.58, 1)
(0.06, 0.68, 1)
(0, 0, 0)
(0.06, 0.68, 1)
(0, 0.58, 1)
(0.33, 0.8, 1)
(0.08, 0.68, 1)
(0.35, 0.78, 1)
(0, 0.73, 1)
(0.22, 0.78, 1)
(0, 0.55, 1)
(0, 0.48, 1)

(0.05, 0.58, 1)
(0, 0.58, 1)
(0, 0.55, 1)
(0, 0.68, 1)
(0, 0, 0)
(0, 0.43, 1)
(0, 0.63, 1)
(0, 0.45, 1)
(0.17, 0.68, 1)
(0, 0.53, 1)
(0.13, 0.65, 1)
(0.03, 0.65, 1)
(0, 0.5, 1)

(0.11, 0.7, 1)
(0, 0.63, 1)
(0, 0.48, 1)
(0, 0.68, 1)
(0, 0.45, 1)
(0, 0, 0)
(0, 0.55, 1)
(0, 0.6, 1)
(0.11, 0.7, 1)
(0, 0.73, 1)
(0.25, 0.75, 1)
(0, 0.63, 1)
(0, 0.5, 1)

(0, 0.43, 1)
(0, 0.55, 1)
(0, 0.55, 1)
(0, 0.73, 1)
(0, 0.65, 1)
(0.04, 0.55, 1)
(0, 0, 0)
(0.04, 0.7, 1)
(0.4, 0.75, 0.99)
(0, 0.7, 1)
(0.04, 0.7, 1)
(0, 0.65, 1)
(0, 0.53, 1)
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Table 9. continued.

C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

P1

P2

P3

P4

F1

F2

(0.05, 0.53, 1)
(0, 0.58, 1)
(0, 0.63, 1)
(0.14, 0.75, 1)
(0, 0.55, 1)
(0, 0.55, 1)
(0.04, 0.7, 1)
(0, 0, 0)
(0.4, 0.75, 0.99)
(0.03, 0.78, 1)
(0.03, 0.8, 1)
(0.11, 0.73, 1)
(0, 0.48, 1)

(0, 0.5, 1)
(0.49, 0.73, 0.96)
(0.01, 0.7, 1)
(0.22, 0.78, 1)
(0.04, 0.7, 1)
(0.13, 0.65, 1)
(0.32, 0.83, 1)
(0.48, 0.88, 0.88)
(0, 0, 0)
(0.46, 0.85, 0.85)
(0.34, 0.88, 1)
(0, 0.75, 1)
(0.09, 0.63, 1)

(0.12, 0.78, 1)
(0.22, 0.78, 1)
(0, 0.6, 1)
(0.23, 0.7, 1)
(0.13, 0.65, 1)
(0, 0.6, 1)
(0.04, 0.75, 1)
(0.02, 0.73, 1)
(0.03, 0.65, 1)
(0, 0, 0)
(0.25, 0.75, 1)
(0, 0.73, 1)
(0, 0.45, 1)

(0.14, 0.65, 1)
(0.21, 0.8, 1)
(0, 0.58, 1)
(0.25, 0.75, 1)
(0.01, 0.7, 1)
(0, 0.63, 1)
(0.06, 0.68, 1)
(0.35, 0.78, 1)
(0.32, 0.83, 1)
(0.33, 0.8, 1)
(0, 0, 0)
(0, 0.63, 1)
(0, 0.48, 1)

(0.33, 0.85, 1)
(0.65, 0.93, 0.93)
(0.64, 0.83, 0.83)
(0.46, 0.85, 0.85)
(0.2, 0.8, 1)
(0.3, 0.73, 1)
(0.33, 0.8, 1)
(0.33, 0.8, 1)
(0.33, 0.8, 1)
(0.25, 0.75, 1)
(0, 0.73, 1)
(0, 0, 0)
(0, 0.58, 1)

(0.07, 0.58, 1)
(0, 0.73, 1)
(0.1, 0.63, 1)
(0.14, 0.75, 1)
(0.07, 0.6, 1)
(0, 0.58, 1)
(0.31, 0.68, 1)
(0.3, 0.73, 1)
(0.3, 0.73, 1)
(0, 0.6, 1)
(0.02, 0.65, 1)
(0, 0.68, 1)
(0, 0, 0)

Table 10. The Fuzzy DEMATEL outputs with regard to different methods of aggregating the
experts’ judgments.
Factors
CM
D+R
D−R
C1
C2
C3
C4
C5
C6
C7
P1
P2
P3
P4
F1
F2

0.520
0.585
0.526
0.566
0.473
0.472
0.536
0.550
0.617
0.567
0.586
0.579
0.450

−0.034
−0.093
−0.018
0.059
0.044
−0.001
0.062
0.046
0.019
0.030
0.034
−0.071
−0.078

Aggregation method
SM
TM
D+R
D−R
D+R
D−R
0.948
1.051
0.976
1.027
0.935
0.907
0.994
1.016
1.050
1.016
1.032
1.045
0.903

−0.042
−0.065
−0.050
0.051
0.048
0.008
0.062
0.029
0.009
0.034
0.030
−0.062
-0.051

2.507
2.396
2.449
2.539
2.558
2.526
2.578
2.519
2.501
2.498
2.529
2.523
2.551

0.014
0.147
0.021
−0.036
0.012
−0.035
0.023
−0.051
0.018
−0.088
−0.060
0.057
−0.022

used, and usually, the arithmetic mean is applied for the integration of experts’ opinions. However, this mean is
drastically sensitive to outliers and makes considerable error. Thus, in this paper, we proposed a statistical-based
method for identifying the appropriate method for the integration of experts’ opinions. For this, the outputs
of fuzzy DEMATEL (D+R and D−R) were evaluated considering the data input method. Since there are two
dependent variables D+R and D−R in relation to the independent input method, we used one-way MANOVA
for our analysis. As a case study, we considered the data of Mahmoudabad training center in Iran. The results
showed that the TM method was better than other methods for integrating the experts’ opinions.
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Table 11. Multivariate testsa .
Effect

Value

F

Hypothesis Error
df
df

Sig.

Partial eta Noncent. Observed
squared
parameter powerd

Intercept Pillai’s Trace
Wilks’
Lambda
Hotelling’s
Trace
Roy’s Largest
Root
Way
Pillai’s Trace
Wilks’
Lambda
Hotelling’s
Trace
Roy’s Largest
Root

0.999
0.001

13 692.771b 2.000
13 692.771b 2.000

35.000
35.000

0.000
0.000

0.999
0.999

27 385.541 1.000
27 385.541 1.000

782.444 13 692.771b 2.000

35.000

0.000

0.999

27 385.541 1.000

782.444 13 692.771b 2.000

35.000

0.000

0.999

27 385.541 1.000

0.997
0.003

4.000
4.000

72.000 0.000 0.498
70.000 0.000 0.943

71.533
1.000
1157.180 1.000

306.341 2603.895

4.000

68.000

0.000

0.994

10 415.578 1.000

306.341 5514.130c

2.000

36.000

0.000

0.997

11 028.259 1.000

17.883
289.295b

Notes. (a) Design: Intercept + Way. (b) Exact statistic. (c) The statistic is an upper bound on F that yields a lower bound
on the significance level. (d) Computed using alpha = 0.05.

Table 12. Tests of between-subjects effects.
Source

Dependent Type III
df Mean
variable
sum of squares
square

Corrected model D+R
D−R
Intercept
D+R
D−R
Way
D+R
D−R
Error
D+R
D−R
Total
D+R
D−R
Corrected total D+R
D−R

27.776a
1.538E-7b
70.945
0.000
27.776
1.538E-7
0.092
0.105
98.814
0.105
27.868
0.105

2
2
1
1
2
2
36
36
39
39
38
38

13.888
7.692E-8
70.945
0.000
13.888
7.692E-8
0.003
0.003

Notes. (a) R squared = 0.997 (Adjusted R squared = 0.997).
Computed using alpha = 0.05.

(c)

F

Sig.

Partial eta Noncent.
squared
parameter

Observed
powerc

5419.331
0.000
27683.832
0.000
5419.331
0.000

0.000
1.000
0.000
1.000
0.000
1.000

0.997
0.000
0.999
0.000
0.997
0.000

1.000
0.050
1.000
0.050
1.000
0.050

(b)

10838.661
0.000
27683.832
0.000
10 838.661
0.000

R squared = 0.000 (Adjusted R squared = −0.056).
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Table 13. Multiple comparisons.
Tukey HSD
Dependent (I) aggregating of
(J) aggregating of
Mean difference Std.
variable
experts’ judgments method experts’ judgments method (I − J)
error
D+R

CM
SM
TM

D−R

CM
SM
TM

SM
TM
CM
TM
CM
SM
SM
TM
CM
TM
CM
SM

−0.45177∗
−1.97285∗
0.45177∗
−1.52108∗
1.97285∗
1.52108∗
−0.00015
−0.00008
0.00015
0.00008
0.00008
−0.00008

Sig.

0.019856
0.019856
0.019856
0.019856
0.019856
0.019856
0.021205
0.021205
0.021205
0.021205
0.021205
0.021205

Notes. Based on observed means. The error term is Mean Square (Error) = 0.003.
at the 0.05 level.

(∗)

0.000
0.000
0.000
0.000
0.000
0.000
1.000
1.000
1.000
1.000
1.000
1.000

95% confidence interval
Lower bound Upper bound
−0.50030
−2.02138
0.40324
−1.56961
1.92431
1.47254
−0.05198
−0.05191
−0.05168
−0.05175
−0.05175
−0.05191

−0.40324
−1.92431
0.50030
−1.47254
2.02138
1.56961
0.05168
0.05175
0.05198
0.05191
0.05191
0.05175

The mean difference is significant
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