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Abstract

It is crucial to select the best supplier for a company because the product development will
be affected when the wrong supplier is selected. In this study, the Analytic Hierarchy Process
(AHP) method is implemented to choose the best supplier for a printing company. However,
the AHP method could not identify the influence among criteria. Therefore, it is integrated
with the Decision-Making Trial and Evaluation Laboratory (DEMATEL) method. The objectives
of this study are to select the best supplier for a printing company and determining the
interrelationship between the criteria by identifying the influences of each criterion to other
criteria. A discussion with the decision-maker was held to finalize the criteria and suppliers
used in this study. The criteria used are cost (C1), quality (C2), relationship with the supplier
(C3), warranty (C4), and machinery safety (C5), while the chosen alternatives are Supplier 1
(S1), Supplier 2 (S2), and Supplier 3 (S3). Experimental results show that the ranking order for
the criteria is C1 > C5 > C2 > C4 > C3, and the ranking order for the supplier is S2 > S3 > S1,
which concludes that S2 is the best supplier to supply the printing machine to the company.
As for the interrelationship between criteria, the criterion that highly influences the other
criteria is quality (C2), and the less influential criterion is the warranty (C4). To conclude, the
proposed method is appropriate in selecting the best supplier since the findings correspond
to the decision maker's choices. Furthermore, this method provides relevant information to
the decision-maker about the interrelationship between each criterion and which criterion
should be given more attention.

Keywords: Multi-Criteria Decision-Making (MCDM), Analytic Hierarchy Process (AHP),
Decision-Making Trial and Evaluation Laboratory (DEMATEL)
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Introduction

Hashmi et al (2021) stated that one of the most explored and important fields in the
optimization model is the supplier selection problem. The decision-making process of supplier
selection becomes more complicated due to the various criteria that need to be considered
when making a decision (Raut et al., 2011). Effective decision-making is necessary when the
environment is getting more complicated (Raut et al., 2011). Supplier selection gives a
significant impact on a company’s financial and operational structure and thus, wrong
supplier selection could lead to the destruction of the company’s financial and operational
structure (Hashmi et al., 2021). Therefore, selecting the best supplier in a complex real-life
problem requires a multi-criteria decision-making (MCDM) method.

MCDM is the form of a set of multiple criteria, alternatives, and comparisons in some
procedures. MCDM methods have been a fast-growing field of engineering and management
(Hendriks et al., 1992). It is mostly used in safety and risk management areas that contemplate
the criteria, alternatives, or factors that are independent of each other (Yazdi et al., 2020).
MCDM problems work by helping decision-makers to make a decision that is often have
multiple conflicting criteria. MCDM methods include Analytic Hierarchy Process (AHP), Multi-
Objective Optimization on The Basis of Ratio Analysis (MOORA), The Technique for Order of
Preference by Similarity TO Ideal Solution (TOPSIS), and Decision-Making Trial and Evaluation
Laboratory (DEMATEL). This study used an integrated AHP-DEMATEL method in selecting the
best supplier for a printing company.

AHP method is used to help decision-makers in determining the best alternative in a
scenario that is influenced by multiple criteria (Patnaik et al., 2020). This method can rank the
alternatives and identify the consistency of the expert’s judgment of an inconsistent pair-wise
comparison matrix that indicates the decision-makers lack an understanding of the problem
(Liu et al., 2020). This method helps the decision-makers and experts in getting accurate
results as this method prioritizes the most important criterion in choosing alternatives.
However, the AHP method is lacking in knowing the interrelationship among criteria, and to
solve this, the DEMATEL method is used.

The DEMATEL method can extract interrelationship among the criteria contained in a
problem quantitatively (Shahraki & Paghaleh, 2011). The interdependence among criteria can
be identified through a causal digraph that shows the contextual relationships between the
criteria by using the DEMATEL method (Shieh et al., 2010). This method does not depend on
assumption but instead is helping decision-makers identify influences between the criteria
and eventually helping the decision-makers to make a proper decision about their problems
(Shieh et al., 2010).

Shieh et al (2010) stated that the traditional MCDM methods including the AHP
method are assuming the criteria to be mutually independent and thus, it is impossible to
know the interrelationship among the criteria. It is particularly important for the decision-
makers to distinguish between the criteria that were a cause and have an effect on the system
so that they can determine which criteria they need to focus on more (Mohd et al., 2020).
DEMATEL method can provide the cause and effect group in the form of a causal digraph
(Falatoonitoosi et al., 2013) and it also utilizes the experts’ knowledge to understand
interdependences and interrelations between factors better compared to other MCDM
methods (Dalvi-Esfahani et al., 2019). This study applied an integrated approach of the AHP-
DEMATEL method to determine the rank of the criteria and suppliers and to reveal the causal
relations among the criteria.
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Thus, the objectives of this study are to select the best supplier for a printing company
by using the AHP method and determining the interrelationship between the criteria by
identifying the influences of each criterion to other criteria using the DEMATEL method. This
study is crucial to understand the integrated approach of AHP-DEMATEL to solve any MCDM
problems. There are five sections in this paper which are (1) Introduction, (2) Literature
review, (3) Methodology, (4) Result and Discussion, and (5) Conclusion.

Literature Review

Multi-Attribute Decision-Making (MADM) and Multi-Objective Decision-Making (MODM) are
two categories under Multi-Criteria Decision-Making (MCDM) problems (Hendriks et al.,
1992; Liou & Tzeng, 2012). The methods and techniques used in MCDM involve more than
one criterion in solving and structuring the decision problems that have diverse and multiple
criteria (Nadkarni & Puthuvayi, 2020). The development of MODM methods is to discover the
most preferable solution to a problem involving various conflicting objectives that need to be
optimized simultaneously (Zhang & Lu, 2009). MODM problems can be solved using methods
like goal programming model or multiple objectives programming model (Liou & Tzeng, 2012).
Meanwhile, MADM is a method that helps a decision-making process by choosing an optimal
alternative from a predetermined number of alternatives with multiple attributes (Kumar,
2018). MADM also includes structure relation methods, weight analysis, and performance
aggregated methods (Liou & Tzeng, 2012). MADM is also known as Multiple-Criteria Decision
Analysis (MCDA). MCDA has a lot of variations that provide a structure for making a decision
such as calculating the relative weights of the criteria by using a complex algorithm (Campos
et al., 2020).

In this study, two MCDM methods, namely Analytic Hierarchy Process (AHP) and
Decision-Making Trial and Evaluation Laboratory (DEMATEL) method are used to solve the
problem. AHP is a technique that helps decision-makers to choose alternatives by considering
the measurement of various criteria and factors (Patnaik et al., 2020). AHP uses three basic
principles known as decomposition, comparative judgment, and synthesizing (Saaty, 2000).
The first basic principle is decomposing the problem into a hierarchical structure where the
hierarchical structure is created by placing the goal at the top of the hierarchy, followed by
criteria, sub-criteria (if any) decomposed from criteria, and alternatives (R. W. Saaty, 1987).
The use of a hierarchical structure in this method is to help the decision-makers be more
focused on evaluating the weight of each criterion and sub-criteria (Ishizaka & Labib, 2009).
The sub-criteria depend on the decision-makers whether it is required or not and the most
common hierarchy structure used is depicted in Figure 1.

Level 1: Objective Goal
Level 2: Criteria Criteria 1 Criteria 2 Criteria 3
Level 3: Alternatives Al A2 A3 Ad

Figure 1. The Hierarchical Structure of AHP Method
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Comparative judgment is where the human judgment is converted into a set of
numbers (Demirel et al., 2020) by using the fundamental scale (Saaty, 1990) as in Table 1 and
formed into a pair-wise comparison matrix. This principle is used to assess the weight of
criteria and alternatives of the system (Mau-Crimmins et al., 2005). The third principle is
synthesizing the criteria where several parts or elements are combined into one whole entity.
The criteria then will be synthesized to get the final decision known as the best alternatives
of the system (Saaty, 1987).

Table 1
The Fundamental Scale
.Scale of Definition Elaboration
importance
1 Equal Importance Two criteria equally important
3 Moderate Importance One criterion has a moderate
importance over another
5 Strong Importance One criterion has a strong importance
over another
7 Very Strong Importance One criterion has a very strong
importance over another
9 Extreme Importance One criterion has an extremely
importance over another
2468 Intermediate Values Between Use when compromise is needed

the Two Adjoining Judgments

AHP method can be used to help users in solving complex problems by using a simpler
step (Karthikeyan et al., 2017). The pair-wise comparison in the AHP method is convenient as
it allows decision-makers to approximate the weight of the criteria and can easily compare
the alternatives, in other words, the AHP method is user-friendly (Velasquez & Hester, 2013).

However, AHP has some drawbacks. Human judgment is vague and the decision-
makers may not be able to provide accurate numerical qualities to represent human judgment
equally (Karthikeyan et al.,, 2017). Furthermore, the AHP method cannot evaluate the
interdependence between criteria (Ortiz et al., 2016). AHP method can only determine the
rank of criteria and alternatives of the system from best to worst by looking at its weight.
Thus, to overcome the problem, this study will use a hybrid AHP-DEMATEL method to achieve
the objectives of this study.

As shown in Table 2, there are various applications of the AHP method in real life such
as making a selection of a suitable machine to increase the manufacturing quality (Chang et
al., 2007), choosing the suitable tools to assist the knowledge management (KM) in an
organization (Ngai & Chan, 2005), and selecting the best composite material in designing and
developing any structural components (Patnaik et al., 2020). Other than that, the AHP method
is used to assess strategies for climate change in the Indian cement manufacturing industry
to reduce greenhouse gases emissions (GHGEs) (Balsara et al., 2019) and identifying which
criteria is the most important in finding suitable land for maize farming (Tashayo et al., 2020).
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Table 2
The Applications of AHP Method
Author Application
Patel and Maniya (2015) Selection of wire cut electrical discharge machining process
Ngai and Chan (2005) Tools selection to assist knowledge management
Balsara et al (2019) Evaluation of strategy in Indian cement manufacturing industry
Hornakova et al (2019)  Selection of appropriate material handling equipment
Zoran (2011) Selection of transportation system in mine planning
Chang et al (2007) Selecting the best slicing machine
Demirel et al (2020) Selecting the suitable roll stabilizer type for motor yachts
Ng and Chuah (2014) Evaluation of design alternatives’ environmental performance
Patnaik et al (2020) Composite material selection
Tashayo et al (2020) Producing land suitability maps for maize farming

DEMATEL method isimmensely helpful to visualize the complicated structure of causal
relationships using a digraph. In other words, the relationship between the cause-effect
criteria can be converted into an understandable structural model (Falatoonitoosi et al.,
2013). This method can improve understanding of a specific problem and could identify the
workable solutions with a hierarchical structure, and it is quite different from the AHP method
where it only assumes criteria to be independent while the DEMATEL method determines the
interdependence between the criteria of a problem via a casual digraph (Shieh et al., 2010).
The influence of each criterion in the DEMATEL method is demonstrated as numerical and it
helps the decision-makers to identify which criterion influences and are influenced by other
criteria (Falatoonitoosi et al., 2013). Table 3 shows a typical range of scales that are used in
the DEMATEL method to determine the numerical value of relationships between different
criteria according to the experts’ opinion (Dalvi-Esfahani et al., 2019).

Table 3
The Range Scale of Linguistic Term
Scale Linguistic term
0 No influence
1 Low influence
2 Medium influence
3 High influence
4 Very High influence

Then, the criteria will be separated into two groups: the cause group and the effect
group. The criteria in the effect group are influenced by the criteria in the cause group.
Therefore, enhancing the cause group will enhance the effect group as well. As a result, this
methodology enables decision-makers to reach a high-quality performance regarding the
effect group criteria in all fields (Falatoonitoosi et al., 2013).

The benefit of the DEMATEL method is it can determine which of the components are
far more important for the system to remain in the long term (Balsara et al., 2019). The
determination of the component’s importance is crucial because it helps the decision-makers
to identify which criteria that have a significant impact on other criteria (Sumrit &
Anuntavoranich, 2013). DEMATEL is a type of structural modelling method that was used to
analyze the causal relationship between criteria of a system (Dalvi-Esfahani et al., 2019).
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Moreover, the DEMATEL method is a flexible and effective decision-making method to help
decision-makers in acquiring more strong decisions (Falatoonitoosi et al., 2013).

One of the applications of the DEMATEL method is in the cement manufacturing
industry (Balsara et al., 2019). Other than that, the latest applications are evaluating the
interdependence of risk assessment of hydrogen generation unit (Li et al.,, 2020),
implementation barriers of social measures and public health to prevent transmission of
COVID-19 (Magbool & Khan, 2020), identifying critical factors in green mining construction
and its policies (Qi et al., 2020), and evaluating the interdependence of big data analytics
(BDA) capabilities and its impact on firm performance (Yasmin et al., 2020). The number of
articles related to the method in safety and management has increased since the year 2010
and started to increase drastically starting in the year 2015 to 2019 (Yazdi et al., 2020). This
indicates that this method is useful enough to be used by the decision-makers to help them
solve their problems in various types of fields. Table 4 shows the applications of DEMATEL
methods.

Table 4
The Applications of DEMATEL Method
Author Application
Balsara et al (2019) Fvaluation of strategy in Indian cement manufacturing
industry

Evaluation criteria of human resource for science and
technology (HRST)

Analysing the importance of social media addiction from the
perspective of researchers and psychotherapists

Evaluating the interdependence of risk assessment of
(Li et al., 2020) hydrogen generation

unit

Implementation barriers of social measures and public health
to prevent transmission of COVID-19

Muhammad and Cavus Identifying learning management system (LMS) evaluation
(2017) criteria

Identifying critical factors in green mining construction and its
policies

Shieh et al (2010) Identifying the key success factors of hospital service quality
Evaluating the interdependence of big data analytics (BDA)
capabilities and its impact on firm performance

Chou et al (2012)

Dalvi-Esfahani et al (2019)

Magbool and Khan (2020)

Qi et al (2020)

Yasmin et al (2020

Methodology

The AHP method in this study is used to select the best supplier for printing machines while
the DEMATEL method is used to identify the influence between criteria by determining the
interrelationship among criteria. Thus, the combined technique of AHP-DEMATEL is applied
in this study. Figure 2 shows the conceptual diagram of this study.
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Figure 2. Conceptual Diagram

Framework of AHP Method

AHP method is known as a user-friendly method (Velasquez & Hester, 2013) and it is a
detailed technique of decision-making process to prioritize the alternatives by considering
multiple criteria and factors (Patnaik et al., 2020). The steps listed below shows the
procedures of the AHP method (Saaty, 1990):

Step 1. Develop a hierarchical structure

The hierarchical structure is used to analyze the problem. The most common hierarchical
structure used as shown in Figure 1.

Step 2. Develop a pairwise comparison matrix, A

The scale shown in Table 1 is used as a judgment to make the pairwise comparisons. The
pairwise comparison matrix is constructed as follows:

1 a, = a,
a 1 - a
21 2
A=la;l=| . Lo (1)
anl an2 ann

The diagonal is always 1 and the lower triangular matrix is filled using a, =— . Then, the sum
a.
Ji
of each column for the pairwise comparison matrix is calculated.
Step 3. Normalize the pairwise comparison matrix

Normalize the pairwise comparison matrix by dividing each element by its column sum.

a..
C;, = ' wherei=1,2,3,...,nandj=1,2,3,...,n

>, @)

Then, calculate the sum of each column in the normalized pairwise comparison matrix where
it must be equal to 1.

Step 4. Calculate the weight

Calculate the weight by averaging across the row of the normalized pairwise comparison
matrix using
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1 n
w, :—Zc,.j wherei=1,2,3,...,n (3)
n j=1
Step 5. Check the consistency ratio
Examine the consistencies in the pairwise comparison matrix by computing the Consistency
Ratio (CR) value using
cl
CR=—" (4)
RI
where Consistency Index (Cl) is computed using

Aa =N

Ccl=-—7 5
n—-1 ()

Rl is the random consistency index shown in Table 5 and n is the matrix size. The principal
eigenvalue, A __, can be obtained by summation of product between the sum of each column

in the pairwise comparison matrix and the weight for each attribute. If the value of CR is <
10%, the decision maker’s judgment is consistent. If the value of CR is higher than 10%,
recheck the judgment and identify the problem.

Table 5
Random Consistency Index (Rl)
n 1 2 3 4 5 6 7 8 9 10

RI  0.00 0.00 0.58 0.9 1.12 1.24 1.32 1.41 1.45 1.49

Framework of DEMATEL Method

DEMATEL method is commonly used to identify the influence between criteria to determine
the relationship of criteria and thus, the methodology of the DEMATEL method is summarized
as below (Shieh et al., 2010):

Step 1. Generate the direct-relation matrix, A

This phase measures the relationship between the criteria using the scale shown in Table 3.

An nxn matrix known as a direct-relation matrix will be constructed as X* =|:X:;:|, where k is
the number of experts who participated in the evaluation process with 1<k<m. Thus,
X', X?,X?,...,X™ are the elements for the direct-relation matrix of m experts. To consolidate
all opinions from m experts, the average matrix A =[a,j] is calculated using
m

a; :%ng (6)
The direct-relation matrix, Az[a,j] can be generated directly from the questionnaire using
the comparison scale when there is only one decision-maker.
Step 2. Set up the normalized direct-relation matrix, B
The normalized direct-relation matrix B = [b,j] is set up using

A
B=— 7
£ (7)
where the values of each element are ranged between [0, 1], C is the total sum of elements
by row in matrix A and E is the maximum value of C.

Step 3. Construct the total-relation matrix, T
The total-relation matrix, Tz[T,.J of size nxn is determined as follows
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T=B(I-B)" (8)
where / is the identity matrix and B is the normalized direct-relation matrix.
Step 4. Find D, R, (D +R), and (D —R)
Find D and R using

D=3T, (9)

R:Zn:Tfj (10)

where D is the sum of rows and R is the sum of columns in matrix T. Criteria that have positive
values of (D - R) have a higher influence on the other criteria and are known as cause group.
The others with negative values of (D - R) receive more influence from another and are called
the effect group. On the other side, the value of (D + R) indicates the relation degree between
each criterion with others.

Step 5. Set up a threshold value, o

A threshold value is a level or a point at which something different starts to occur. This value
helps experts or decision-makers to eliminate insignificant effects and focus more on the
significant effect of the criteria. To compute the threshold value, a, calculate the average of
elements in matrix Twhere the total number of elements in matrix Tis referred to as N (Sumrit
& Anuntavoranich, 2013).

Step 6. Produce the causal digraph

The aim of the causal digraph is to visualize how a criterion can affect another. It can be
constructed by plotting the coordinates of the cause-effect group (D + R, D — R). On the other
hand, the criteria included in the causal digraph is the one that has a greater value than the
threshold.

Implementation of AHP and DEMATEL Method

A real-life data about the supplier selection for a printing company located in Johor is used as
the case study. The data was collected from a decision-maker who is the manager of the
company. The criteria used in this study were cost (C1), quality (C2), relationship with the
supplier (C3), warranty (C4), and machinery safety (C5) as shown in Table 6. The decision-
maker then provides three alternatives identified as Supplier 1 (S1), Supplier 2 (S2), and
Supplier 3 (S3). The definition of criteria in Table 6 is based on the description provided by the
decision-maker.
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Table 6
Definition of Each Criterion
Criterion Definition
Cost (C1) The cost here means that the total price that must be paid for
the machine and the transportation cost in delivering the
machine.
Quality (C2) The quality here refers to the quality of the printing services of

the machine. There are several types of printing machines such
as screen-printing machines, direct-to-Garment printing
machines, heat press printing machines, and other types of
printing machines. Different type of printing machine has
diverse types of quality of the printing services of a machine.

Relationship  with the This criterion refers to the relationship with the supplier.

supplier (C3)

Warranty (C4) The printing machine warranty started from the first day of the
purchase made. The longer the warranty period, the better it
is. If the printing machine is defective in the warranty period,
the supplier must repair or replace the machine.

Machinery safety (C5) Machinery safety refers to the safeness of a machine when
doing printing services. Accidents such as lacerations, cuts, and
bruises could happen when dealing with the dangerous
moving part of the printing machine. Therefore, a printing
machine that has proper machinery safety is better.

A set of questionnaires for both the AHP and DEMATEL methods were constructed and
administered to the decision-maker. The data collected was then converted into numeric
values using the fundamental scale for the AHP method as shown in Table 1 and the range
scale of the linguistic term for the DEMATEL method as in Table 3.

Implementation of AHP Method
Step 1. Develop a hierarchical structure
The hierarchical structure of the problem is shown in Figure 3.

Level 2

Level 3 | Supplier 1 | Supplier 2 | Supplier 3 ‘

Figure 3. The Hierarchical Structure of the Problem

Step 2. Develop a pairwise comparison matrix
The pairwise comparison matrix for criteria is shown in Table 7.
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Table 7

Pairwise Comparison Matrix of Criteria
Criteria Cc1 c2 c3 ca C5
Cc1 1 3 5 4 1
Cc2 1/3 1 3 5 1
Cc3 1/5 1/3 1 1/3 1/5
Cc4 1/4 1/5 3 1 1/3
c5 1 1 5 3 1
Sum 167/60 83/15 17 40/3 53/15

Step 3. Normalize the pairwise comparison matrix
The normalized pairwise comparison matrix is constructed by using Equation (2) and can be
seen in Table 8. The sum of its columns must be 1.

Table 8

Normalized Pairwise Comparison Matrix
Criteria C1 c2 Cc3 ca c5
Cc1 60/167 45/83 5/17 3/10 15/53
Cc2 20/167 15/83 3/17 3/8 15/53
c3 12/167 5/83 1/17 1/40 3/53
(o} 15/167 3/83 3/17 3/40 5/53
C5 60/167 15/83 5/17 9/40 15/53
Sum 1 1 1 1 1

Step 4. Calculate the weight
Table 9 shows the weight for each criterion. The weights are calculated by using Equation (3).

Table 9
Weight of Each Criterion
Criteria Weight Percentage of weight (%)
C1 0.355717 35.57
Cc2 0.226995 22.70
C3 0.054505 5.45
ca 0.094356 9.44
C5 0.268428 26.84
Sum 1 100

Thus, the ranking order for the criteria is C1 > C5 > C2 > C4 > C3. It shows that the most
important criterion that needs to be considered in selecting the best supplier for the printing
machine is the cost (C1) of the machine while the least important criterion is the relationship
with the supplier (C3).

Step 5. Check the consistency ratio

First, calculate the value of A4 __ . Then, compute CR by using Equation (4) and (5). The

decision-makers’ judgment is said to be consistent since the value of CR is 8.68% < 10%. Step
1-5 is repeated to make a comparison for suppliers with respect to each criterion. The
composite weight of the supplier is then calculated to determine the best supplier. Table 10
shows the weight for each supplier with respect to each criterion. The findings show that the
ranking order for the suppliers is S2 > S3 > S1.
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Table 10
Weight for Suppliers with Respect to Each Criterion
riteria C1 c2 c3 ca c5 Weight
Alternative 0.355717 | 0.226995 | 0.054505 | 0.094356 | 0.268428
S1 0.071433 | 0.193186 | 0.090909 | 0.090909 | 0.333333 | 0.172271
S2 0.748164 | 0.083307 | 0.818181 | 0.818181 | 0.333333 | 0.496316
S3 0.180402 | 0.723506 | 0.090909 | 0.090909 | 0.333333 | 0.331413
Implementation of Dematel Method
Step 1. Generate the direct-relation matrix, A
Table 11 shows the direct relation matrix, A by using the scale in Table 3.
Table 11
Direct-relation Matrix, A
C1 (op ] Cc3 ca c5 Sum, C
Cc1 0 3 2 1 0 6
Cc2 4 0 0 2 2 8
Cc3 2 0 0 0 0 2
ca 0 0 0 0 0 0
C5 0 2 0 0 0 2
Step 2. Set up the normalized direct-relation matrix, B
Table 12 show the normalized direct-relation matrix, B by using Equation (7).
Table 12
Normalized Direct-relation Matrix, B
Cc1 C2 Cc3 ca c5
Cc1 0 0.375 0.25 0.125 0.25
C2 0.5 0 0 0.25 0.25
Cc3 0.25 0 0 0 0
c4 0 0 0 0 0
C5 0 0.25 0 0 0

Step 3: Construct the total-relation matrix, T
The total-relation matrix, T shown in Table 13 is obtained by using excel solver and Equation

(8).

Table 13
Total-relation Matrix, T
C1 C2 c3 C4 C5

C1 0.355932 0.542373 0.338983 0.305085 0.135593
Cc2 0.723164 0.355932 0.180791 0.429379 0.338983
c3 0.338983 0.135593 0.084746 0.076271 0.033898
Cc4 0 0 0 0 0
C5 0.180791 0.338983 0.045198 0.107345 0.084746
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Step 4. FindD,R,D+R,D—R
Equation (9) and Equation (10) are used to find D and R for each criterion. Excel solver is used
to ease the calculation process. The value of D, R, D + R, and D — R are shown in Table 14:

Table 14
The Effect-Causal Table
D R D+R D-R

Cc1 1.677966 1.59887 3.276836 0.079096
C2 2.028249 1.372881 3.40113 0.655367
c3 0.669492 0.649718 1.319209 0.019774
(o} 0 0.918079 0.918079 -0.91808
C5 0.757062 0.59322 1.350282 0.163842

Step 5. Set up a threshold value, o

The threshold value obtained based on the data is 0.205311. Equation (11) is used to calculate
the threshold value, a. Next, compare the threshold value with the elements in matrix T. If
the value of elements in matrix T is greater than the threshold value, then the criteria are
included in the causal digraph, and if otherwise, the criteria are excluded. The criteria included
in the causal digraph are the criteria that have a significant effect on other criteria.

D> T,=5.132769

i=1 j=1

0 =229 4205311

Step 6. Producing the causal digraph

The causal digraph in Figure 4 is produced by using excel solver using the coordinates of the
cause-effect group (D + R, D - R) obtained from Table 14. The arrows in Figure 4 show the
relationship of elements in matrix T, which are the gold-coloured and bold elements in Table
13, are greater than a. For example, T1; (0.355932) is greater than a (0.205311), thus, the
arrow from C1 to C2, C3 and C4 in Figure 3 indicates that C1 affects C2, C3, and C4. The same
goes for other elements in matrix T that have greater value than a. Based on Figure 4,
warranty (C4) has a negative value of D — R which is -0.918079096 meaning that this criterion
can easily get influenced by other criteria and was placed in the effect group. While cost (C1),
quality (C2), relationship with the supplier (C3), and machinery safety (C5) criteria are in the
cause group as all these criteria have a D - R positive value which means that all criteria can
influence warranty (C4) and since quality (C2) has the highest D - R positive value, it has a
dominating influence on other criteria. D + R shows the degree of dependency between
criteria and based on Figure 4, quality (C2) is the criterion that has the highest dependencies
with other criteria as it holds the highest D + R value followed by cost (C1), machinery safety
(C5), relationship with the supplier (C3) and warranty (C4) in the second, third, fourth and
fifth place respectively.
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Figure 4. The Causal Digraph
This concludes that both of AHP and DEMATEL method has its own strength that can
emphasize the qualities of each method by integrating this method together. Thus, to achieve

the objectives of this study, the integrated AHP-DEMATEL method is used.

Results and Discussion
In this chapter, the findings will be discussed.

Results of AHP Method

Table 15
Weight and Ranking Order of Criteria
Criteria AHP method Decision-maker’s
choice
Weight (%) Rank Rank
Cc1 Cost 36 1 1
Cc2 Quality 23 3 2
c3 Relationship with the 5 5 5
supplier
ca Warranty 9 4 4
C5 Machinery safety 27 2 3
Weight of Criteria
40 36%
30 23% 27%

20 9%
5%

10

’ - N

Cost (C1) Quality (C2) Relationship Warranty Machinery
with (C4) Safety (C5)
Supplier
(C3)

Figure 5. Weight of Criteria
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Figure 5 and Table 15 show the weight and ranking order for each criterion. The findings show
that the ranking order for criteria using the AHP method is C1 > C5 > C2 > C4 > C3 and the
decision maker’s choices is C1 > C2 > C5 > C4 > C3 and thus, this support the findings as the
most preferred criterion in selecting the best supplier for printing machine is cost (C1) while
the least preferred criterion is the relationship with the supplier (C3). Obtaining a high
revenue is the common goal for any business and therefore, to achieve the high revenue goal
the company needs a large market share (Bauer & Colgan, 2001). The large market share can
be achieved by lowering the price of the products leading to the high demand for products
(Helms et al., 1997). Hence, it is important to consider the cost (C1) criterion properly before
selecting a supplier. Supplier Relationship Management (SRM) system handles the company
relationships with the supplier (Park et al., 2010) and helps to form strategic relationships
with the suppliers to attain long-term goals (Chandra & Kumar, 2000). In other words, the
relationship with the supplier (C3) criterion can be taken less into account when selecting the
best supplier for printing machine as SRM are more focused on collaboration with suppliers,
and the relationships with suppliers are usually handled by the SRM (Park et al., 2010). Since
selecting the best supplier for the company is the main objective of the study, the decision-
maker decides to focus on other criteria more than the relationship with supplier (C3)
criterion. The consistency ratio for the criteria is 8%<10% and therefore, the decision maker’s
judgment is consistent.

Table 16.
Weight and Ranking Order of Alternatives
Supplier AHP method Decision-maker’s choice
Weight (%) Rank Rank
S1 17.23 3 2
S2 49.63 1 1
S3 33.14 2 3

Composite Weight of Alternatives
60 50%

40

33&
17%
20
,

Supplier 1 Supplier 2 Supplier 3

Figure 6. Composite Weight of Alternatives

Based on Figure 6 and Table 16, the ranking order of alternatives by using the AHP
method is S2 > S3 >S1 and the decision maker’s choices are S2 > S1 > S3. Based on the findings,
S2 is the most preferred supplier corresponds to the decision maker’s choices. S2 has the
highest percentage of weight because the weight of cost (C1), relationship with the supplier
(C3), and warranty (C4) criteria were the highest for S2 compared to other suppliers. Decision-
maker has been dealing with S2 for one year, and based on the decision-maker, the cost of
the printing machines offered by S2 is affordable along the quality of the machines is the same
as the other suppliers. The findings are acceptable as it corresponds with the decision maker's
choices in which S2 is the best supplier for the printing machine. The least preferred supplier
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obtained, does not correspond with the decision maker's choices. The decision-maker rank
S3 as the least preferred because of the expensive cost offered by S3. It is possible that the
choices made by the decision-maker before and after using the AHP method are different as
human judgment is always unclear. Hence, using the AHP method can help the decision-
maker to rank and select the best alternative when multiple criteria were considered.

Results of DEMATEL Method

Table 17

The Direct and Indirect Effect of the Criteria
Criteria D + R (Prominence) D -R (Relation) Effect/ Cause
Cost (C1) 3.276836 0.079096 Cause
Quality (C2) 3.40113 0.655367 Cause
Relationship with Supplier (C3) 1.319209 0.019774 Cause
Warranty (C4) 0.918079 -0.91808 Effect
Machinery Safety (C5) 1.350282 0.163842 Cause

Table 17 shows the direct and indirect effects of the criteria where C1, C2, C3, and C5 are in
the cause group, while C4 is in the effect group because of its negative value in D — R column.

C1

)

€2 - s

© @

Figure 7. The Causal Relation among Criteria

The relationship between criteria was evaluated using the DEMATEL method. Based on Table
17, criteria that were classified in cause group were cost (C1), quality (C2), relationship with
supplier (C3), and machinery safety (C5) due to the positive values in D — R, while the criteria
that belong in the effect group was only warranty (C4) criterion based on the negative values
in D — R. The criteria in cause group influenced criteria in the effect group (Raut et al., 2011;
Xia et al., 2015) and as shown in Figure 7, there are no criteria that were influenced by
warranty (C4) criterion but instead it was the one being influenced by cost (C1) and quality
(C2) criteria. Aside from that, the DEMATEL method yielded quality (C2) as the most influential
criterion as the D + R value is the highest while warranty (C4) as the lowest of influence
criterion as the D + R value is the least among other criteria. Based on Figure 7, the quality
(C2) criterion influenced the other three criteria. This means that if the decision-maker
focuses more on the quality of the machine when selecting the supplier, the other four criteria
will also be focused automatically especially for the criteria in the effect group where it can
be easily influenced by the other criteria in the cause group (Falatoonitoosi et al., 2013).

Conclusion

This study is using the integrated AHP and DEMATEL method to select the best supplier and
determine the interrelationship between criteria in such complex environments. By using the
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AHP method, the findings show that the ranking order for the criteria is C1 > C5>C2 > C4 >
C3 where the most important criterion in selecting the best supplier is the cost (C1) criterion
and the least important criterion is the relationship with the supplier (C3) criterion. The best
supplier is obtained after considering five criteria at once. The ranking order is S2 > S3 > S1
with Supplier 2 (S2) as the best printing machine supplier but the second and the third ranking
differs from the decision maker’s choices. As for the findings of the DEMATEL method, the
quality (C2) criterion has the strongest connection and gives the most influence on other
criteria in which the most influential criteria could directly or indirectly influence other criteria
(Mohd et al., 2020). This proves the objectives of this study which are to select the best
supplier using the AHP method and determining the interrelationship among criteria using
the DEMATEL method have been achieved. In this study, the proposed method can be used
to select the best alternative with multiple criteria. However, the greater the number of
criteria and alternatives added in the implementation of the AHP method, the more time-
consuming it is in obtaining the result. As for the DEMATEL method, the interrelationship
among the criteria is proven by classifying the criteria into cause and effect groups, and with
the help of threshold value, it assists the decision-maker to identify which criteria have a
significant effect and eliminate the insignificant effect to improve the supplier’s performance
for a long-term (Balsara et al., 2019).

The application of this method which is the AHP-DEMATEL method is not limited to
just supplier selection, but it is also applicable to other real-life problems such as the allied
hospitals' selection problem, the selection of new personnel, and the climate change
mitigation strategies problem. This study recommends using this method to solve any
selection problems. However, since the information obtained is always uncertain, vague, and
imprecise, then it is also recommended to use the integrated method of Fuzzy AHP and Fuzzy
DEMATEL method. If the judgments cannot be directly expressed by crisp values, it is
beneficial to use the method under a fuzzy environment (Kilincci & Onal, 2011). Fuzzy Set
Theory can deal with the uncertainty and ambiguity of the evaluation process. Linguistic terms
of fuzzy sets are used to developed Fuzzy Set Theory based on the key elements in human
thought (Shahraki & Paghaleh, 2011). In addition, the usage of other MCDM methods such
as MOORA that uses the statistical method in selecting the best alternative (Patnaik et al.,
2020), Intuitionistic Fuzzy TOPSIS that involves less complicated calculations and is easy to
implement (Kabayadi, 2020), or any other combination of MCDM methods can be beneficial
for future research or studies.
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