. mathematics

Article

Analysis of Key Factors for Supplier Selection in Taiwan'’s
Thin-Film Transistor Liquid-Crystal Displays Industry

Jung-Fa Tsai !, Chin-Po Wang ¥, Ming-Hua Lin %* and Shih-Wei Huang !

check for

updates
Citation: Tsai, J.-F.,; Wang, C.-P; Lin,
M.-H.; Huang, S.-W. Analysis of Key
Factors for Supplier Selection in
Taiwan’s Thin-Film Transistor
Liquid-Crystal Displays Industry.
Mathematics 2021, 9, 396. https://
doi.org/10.3390/ math9040396

Academic Editors: Mariano Luque
and James Liou

Received: 22 January 2021
Accepted: 10 February 2021
Published: 17 February 2021

Publisher’s Note: MDPI stays neutral
with regard to jurisdictional claims in
published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

Department of Business Management, National Taipei University of Technology, Taipei 10608, Taiwan;
jftsai@ntut.edu.tw (J.-F.T.); bobwang@seaace.com.tw (C.-P.W.); jessica91311@gmail.com (S.-W.H.)
Department of Urban Industrial Management and Marketing, University of Taipei, Taipei 11153, Taiwan
Correspondence: mhlin@utaipei.edu.tw

Abstract: With the advent of science and technology, smart devices have become ubiquitous; since
the display unit is a vital component in many smart devices, the Thin-Film Transistor Liquid-Crystal
Displays (TFT-LCD) industry has been one of the most rapidly growing industries. Taiwanese
manufacturers play a critical role in this industry. This study investigates key factors for supplier
selection in Taiwan’s TFT-LCD industry. TFT-LCD is a technology-intensive industry. However, few
studies in the past considered the technological abilities dimension in supplier selection. Therefore,
this study discusses the factors related to the technological abilities dimension in supplier selection.
Most research considered supplier selection based on the traditional criteria such as cost and quality.
This study discusses the importance of the resilience criteria such as agility and flexibility. A method
combining DEMATEL (Decision Making Trial and Evaluation Laboratory) and ANP (Analytic
Network Process) is applied to analyze key factors for supplier selection in Taiwan’s TFT-LCD
industry. The analytical results indicate that the technological abilities dimension and resilience
criteria are at the forefront of the ranking in prominence. The influential weights of criteria and
the causal diagram among all criteria derived from this study can offer guidance for suppliers on
improving various factors to become desirable partners in the TFT-LCD industry supply chain.

Keywords: MCDM; TFT-LCD industry; supplier selection; DEMATEL; ANP

1. Introduction

The global display industry has integrated the Internet of Things (IoT) in product
development in the household, industrial, agricultural, medical, consumer, and financial
fields. In 2019, world-renowned economic prediction institute IHS Markit [1] forecasted
that overall panel demand in 2020 will increase by 9% compared with 2019. Despite
competition from Organic Light-Emitting Diode (OLED) panels in 2017, the sale of small-
and medium-sized Thin-Film Transistor Liquid-Crystal Displays (TFT-LCD) panels has
continued to increase. Global shipments of small- to medium-sized TFT-LCD panels will
be steady in a five-year forecast period to reach 1.82 billion units in 2025 [2].

The display industry has a clearly delineated upstream and downstream, and each
field exhibits a clear professional division. The upstream supply chain involves six major
components: glass base boards, plastic base boards, liquid crystals, backlight modules,
polarizers, and photomasks; each component has its representative suppliers. The mid-
stream panel factories mainly generate twisted nematic or super twisted nematic TFT-LCD
and OLED panels. The downstream consists of various applications such as household
electrical appliances, consumer electronics, vehicle instruments, and industrial products.
The TFT-LCD supply chain has a one-way, top—down structure. Although simple, it has
some hidden problems. For instance, if some problem occurs in any link of the supply
chain, resulting in the inability to make deliveries on time to midstream and downstream
vendors, the entire industry chain may become disordered. Due to the unique characteris-
tics, the display industry is marked by short product lifespans, constantly changing market
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trends, and high barriers for entering and exiting the market. According to the Zeng [3]
report, Taiwan’s production of small- to large-sized TFT-LCD panels accounts for 98% of
the global market. Therefore, this study investigates the appropriate selections of upstream
suppliers to ensure that the midstream TFT-LCD manufacturers can successfully provide
panels for the downstream parties. The display industry supply chain is illustrated in
Figure 1, referring to [4].

Upstream supplier TFT-LCD Panel manufacturing and Panel Application Other suppliers
raw materials Components assembly Vendor
>

_—  —

L
A 4
A

Figure 1. The Thin-Film Transistor Liquid-Crystal Displays (TFT-LCD) industry supply chain [4].

Selecting a supplier is typically a complicated multiple criteria decision-making
(MCDM) process that concentrates on Traditional Criteria (TC) such as cost and qual-
ity but ignores Resilience Criteria (RC) such as agility and flexibility [5]. In addition to
confirming the TC, this research considers the RC—for instance, the ability to analyze and
process abnormal raw materials, the supplier flexibility to deal with unexpected events,
the ability to optimize production in a short time, and the speed in responding to customer
complaints. This study integrates both the TC and RC and investigates the interdependence
among the criteria and the influential weights of the criteria in selecting suppliers.

Many studies on the selection of display industry suppliers ignored in-depth discus-
sions on technological abilities. Some research only mentioned that technological abilities
might affect the factor of delivery date. However, TFT-LCD is a technology-intensive in-
dustry. In addition, the dimension of technological abilities is vital when selecting display
industry suppliers from a literature review. Consequently, this study considers the dimen-
sion of technological abilities, including the ability to optimize production in a short time,
the ability to develop new product designs, the production and manufacturing expertise,
and the development process for building new products, in the analytical framework of
selecting TFT-LCD industry suppliers.

In this study, a hybrid approach proposed by Ou Yang et al. [6] that combines the
DEMATEL (Decision Making Trial and Evaluation Laboratory) with the ANP (Analytic
Network Process) is adopted to analyze the key factors for supplier selection in the TFT-
LCD industry. First, the DEMATEL is used to identify the criteria for supplier selection
based on expert opinions; then, the ANP method is used to calculate the weights of the
criteria. The major drawback of the DEMATEL is in lack of a self-feedback mechanism [7].
ANP can deal with the dependence and feedback between criteria. The overall ranking of
critical factors for supplier selection is generated through the Borda count [8] to combine
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inconsistent results from different evaluation models. After determining the ranking of
critical factors, it can be provided to the TFT-LCD panel suppliers as guidance on improving
various factors. The ranking results can provide guidance for midstream panel vendors
to select upstream suppliers. Gaining an industry advantage through the appropriate
selection of suppliers is an important issue in the TFT-LCD industry.

The rest of this paper is organized as follows. Section 2 provides a literature review and
constructs a preliminary research framework. In Section 3, we describe the research method
including the DEMATEL, the DEMATEL based on ANP, and Borda count. In Section 4,
the empirical results are analyzed to identify key factors for supplier selection in the TFI-
LCD industry. Finally, Section 5 concludes the paper and gives suggestions for future
improvements in the TFT-LCD industry as well as research directions for further work.

2. Literature Review
2.1. Research on Supplier Selection

In today’s constantly changing business environments, it is increasingly important
for companies to interact with their suppliers [9]. Conventional closed and one-way
communication with suppliers is unable to meet the uncertain demands of customers,
because the rigidity of conventional models prevents them from flexibly adapting to
emergencies. Therefore, selecting a suitable supplier to create long-term partnerships of
mutual trust, in which both parties share information and respond to each other’s needs
and market changes in a timely fashion, has become a major trend. Only in such situations
can companies improve their market competitiveness and have more stable and long-term
partnerships with suppliers. Mutual benefits between companies and suppliers from more
interactions create greater competitive advantages [10].

Hybrid MCDM approaches have been widely used in academic research for supplier
selection. Barak and Javanmard [11] integrated an interval valued fuzzy (IVF) version
of the strength-weakness—opportunity—-threats (SWOT) technique and the quantitative
strategic planning matrix (QSPM) with gap analysis to find the most effective strategies for
the alliance evaluation. Four IVF-MCDMs are developed to evaluate the strategic partners.
Kumar and Dixit [12], in regard to recycling waste electrical and electronic equipment in
India, investigated the key criteria for partner selection by using a hybrid MCDM approach
including the Fuzzy Analytic Hierarchy Processes (FAHP) and VlseKriterijumska Opti-
mizacija I Kompromisno Resenje (VIKOR). They found that resource and environmental
management capabilities were considered as the most important criteria, and green core
capabilities were ranked second for the selection of green recycling partners.

Aggarwal et al. [13] used the non-pre-emptive goal programming (GP) and weighted
sum aggregate objective function (AOF) technique to solve the vendor selection and order
allocation problem with multiple products. Mohammed et al. [5] used the DEMATEL
method to determine the relative importance of each trasilient criterion for vendor selection.
The ELimination Et Choix Traduisant la REalité (ELECTRE) method was used to evaluate
and rank the vendors by their trasilience performance. Technique for Order of Preference
by Similarity to Ideal Solution (TOPSIS) was also applied to evaluate the performance of
vendors. The Spearman’s rank correlation coefficient (SRCC) approach was adopted to
obtain the statistical difference between the ranking orders obtained from the ELECTRE
and TOPSIS algorithms. Mohammed et al. [14] proposed an integrated Fuzzy AHP-Fuzzy
TOPSIS to assess and rank suppliers based on conventional, green, and social standards.

Ang et al. [15] combined the Stochastic Multicriteria Acceptability Analysis (SMAA)
technologies and Data Envelopment Analysis (DEA) to develop a two-stage SMAA-DEA
research model. Their model resolves the DEA uncertainty and randomness measurements.
In a competitive market environment, supplier selection is a crucial task that typically fo-
cuses on the accuracy of the delivery date, the reasonability of costs, and the level of quality.
However, decision makers must increasingly consider sustainable economic, social, and
environmental criteria. Sen et al. [16] used three intuitionist fuzzy sets including the Intu-
itionistic Fuzzy-TOPSIS (IF-TOPSIS), the Intuitionistic Fuzzy-Multi-Objective Optimization
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on the basis of Ratio Analysis (IF-MOORA), and the Intuitionistic Fuzzy-Grey Relational
Analysis (IF-GRA) to obtain separate rankings of supplier candidates and substantiate the
consistency of these approaches.

Since the adoption of the Kyoto Protocol by the United Nations Framework Conven-
tion on Climate Change (UNFCCC) in December 1997, some research has drawn attention
to the issue of choosing green suppliers. By using the FAHP, Yadav et al. [17] determined
four evaluation criteria for small- and medium-sized enterprises when selecting green
suppliers: external environment effectiveness, environmental efficiency, green image, and
environmental flexibility. In their study, an intelligent system was developed to deal with
the supplier selection problem in small and medium-sized enterprises using an extent
fuzzy TOPSIS method. Fan et al. [18] also released their quantitative and qualitative criteria
for evaluating green suppliers. They used the Pythagorean fuzzy numbers to describe
the qualitative criteria and then built a DEA model with unsatisfactory outputs under the
Pythagorean fuzzy environment. Finally, a formula example was provided to illustrate the
selection of green suppliers and verify the validity of the proposed method.

Fei [19] found that MCDM-based research methods were widely applied to deal
with supplier selection issues. Typically, obtaining expert evaluations is the foundation
of the decision-making process and affects the results of studies. However, uncertain
information inevitably might be collected. These uncertainties refer to imprecisions and
ambiguities resulting from human subjective judgments. Fei [19] stated that the D Number
outperformed other methods as an effective tool for representing uncertain messages.
Furthermore, the ANP methods were more widely used than AHPs because of their
flexibility, rationality, and credibility. Therefore, the extension of the traditional ANP
method using D numbers was adopted in Fei [19]. The summary of the hybrid MCDM
approaches referenced in this study is listed in Table 1.

Table 1. Summary of available hybrid multiple criteria decision-making (MCDM) approaches for
supplier selection.

Author(s) Research Method
Adetunji et al. [20] TOPSIS
Aggarwal et al. [13] Hybrid IDVSP and AOF approach
Bai and Sarkis [21] Grey-based TOPSIS

Hybrid ANP, Entropy Weight, DEMATEL, Game Theory,

Livetal. [22] Evidence Theory Approach

Sen et al. [16] IF-TOPSIS, IF-MOORA, TF-GRA
Singh et al. [23] AHP and TOPSIS
Yadav et al. [17] Fuzzy TOPSIS
Ang et al. [15] Two-Stage SMAA-DEA Model
Fan et al. [18] DEA
Kumar and Dixi [12] F-AHP, Modify VIKOR
Mohammed et al. [5] SRCC, ELECTRE, TOPSIS
Mohammed et al. [14] Hybrid Fuzzy AHP and TOPSIS Approach
Barak and Javanmard [11] Hybrid SWOT and IVF-MCDM Approach
Fei [19] ANP method based on D numbers

Most past research has some limitations. For instance, the criteria are not mutually ex-
clusive when using the AHP method. This situation leads to irrational phenomena, such as
the reversal of evaluation results [24]. The ANP method overcomes the inter-independence
problem of the AHP factors [25]. Although the ANP method has been widely used in
various applications, the following two problems still exist. The first is the question of
comparison. Second, the key to the ANP method is to determine the relationship structure
between features in advance [26]. Another way to deal with the interdependence among
the criteria is using the DEMATEL method. The major disadvantage of the DEMATEL
method is to assume that the criteria-iteration states may be interactive linearly, and no
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feedback loops are allowed in relationship maps [27]. This study combines the DEMATEL
with the ANP to solve the above shortcomings.

2.2. Selection Criteria for Supplier Selection

Selecting suppliers is a complicated and critical decision process involving multiple
criteria. The ranking of key criteria for supplier selection assists in making the optimal
decision. As the business competition models transform and the production strategies
change, the criteria for selecting appropriate suppliers also shift. Many studies have
discussed the factors for supplier selection since the 1960s; one of the crucial studies has
been conducted by Dickson [28]. Dickson [28] identified 23 different criteria in supplier
selection and sent questionnaires to 273 purchasing agents and managers from the United
States and Canada. The survey showed that quality, delivery, performance history, and
warranties and claim policies are four major supplier evaluation criteria. Subsequently,
several scholars conducted supplier selection and comparison research on the dimensions
of quality, price, delivery date, and service. Weber et al. [29] analyzed 74 articles from 1966
to 1991 and found that net price is the most crucial factor in supplier selection, followed by
delivery and quality.

As a result of the pressure from rapid changes in globalization over the past 20 years
and the arrival of the information technology era, information interactions and flow be-
tween upstream and downstream agents in the supply chain have evolved. Suppliers must
consider how to coordinate with midstream panel vendors to respond to emergencies and
adapt to market needs and changes [30]. Mohammed et al. [5] found that suppliers were
typically selected using the TC such as cost and quality, whereas the RC such as agility
and flexibility were ignored. In addition, Chan and Chan [31] pointed out that due to the
pressure of rapid changes in globalization, outsourcing activities have become increasingly
prevalent. Therefore, the supplier selection has become more and more important and
is part of the active efforts of various companies to incorporate business strategies. They
summarized six major dimensions, including cost, logistics, flexibility, innovation, quality,
and service capability and listed 20 evaluation criteria.

Combining with the selection criteria proposed by the aforementioned research, this
study selects 19 factors as the selection criteria for Taiwan’s TFI-LCD suppliers. Table 2
lists 19 supplier selection criteria considered in this study.

Table 2. Supplier selection criteria considered in this study.

No. Criteria References
1 Process sampling defect rate. Li et al. [32], Wang and Chen [33]
2 Quality system certification. Ball and Zylberberg [34], Sunil Kumar and Routroy [35]
3 Ability to analyze and process abnormal raw materials. Gatto and Drago [36], Jain and Singh [37]
4 Complex process capability index Chen et al. [38], Kane [39]
5 Transaction prices. Mizuno and Takauchi [40], Pang et al. [41]
6 Transportation costs. Burda [42], Karim et al. [43]
7 Cost of returns. Milewski [44], Mosca et al. [45]
8 Supplier cost information. Kros et al. [46], Shi et al. [47]
9 Delivery reliability. Paul et al. [48], Qamar et al. [49]
10 Delivery date accuracy. Camejo et al. [50], Kogan et al. [51]
11 Supplier flexibility. Lee et al. [52], Song et al. [53]
12 Ability to optimize production in a short time. Nguyen et al. [54], Polater [55]
13 Ability to develop new product designs. Leber and Selinsek. [56], Wuttke et al. [57]
14 Production and manufacturing expertise. Sallati et al. [58], Spinardi [59]
15 Development process for building new products. Nikoofal and Giimiis [60], Smolnik and Bergmann [61]
16 Speed in responding to customer complaints. Piehler [62], DeTienne and Westwood [63]
17 Informational transparency within the industry. Abunadi [64], Hakim [65]
18 Communication and coordination within the industry. Han et al. [66], Moza et al. [67]
19 Professional competence of the sales staff. McFarland and Dixon [68], Singh et al. [69]
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2.3. Prototype Framework for Supplier Selection

From the 19 supplier selection criteria listed in Table 2, this study builds a prototype
framework for supplier selection. Figure 2 indicates that the prototype framework for
supplier selection consists of five dimensions: quality, cost, delivery date factors, technical
abilities, and customer service.
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Figure 2. The prototype framework for supplier selection.

3. Research Method

The aforementioned exploration of supplier selection criteria demonstrates that en-
terprises have shown increasing caution in and have attached greater value to supplier
evaluations. This study uses the D-ANP (DEMATEL based on ANP) approach proposed
by Ou Yang et al. [6] to identify the key factors for selecting TFT-LCD industry suppliers



Mathematics 2021, 9, 396

7 of 18

and analyze the interrelationships among the factors. The influential weights between
criteria are also calculated to determine rankings of the key factors. This section discusses
the D-ANP method utilized in this study.

3.1. The DEMATEL Method

The DEMATEL method was developed by the Battelle Memorial Institute of Geneva
as part of their Science and Human Affairs Program from 1972 to 1976 to solve complex
and intertwined problems [70,71]. The DEMATEL method is a comprehensive approach
for constructing and analyzing structure models involving causal relationships among
complex factors [72].

By using the DEMATEL method, researchers can improve understanding of specific
problems or problem groups, and they also can provide and identify feasible solutions
through hierarchical structures [69]. Scholars around the world have covered many aspects
concerning the application of the DEMATEL, such as exploring the use of the DEMATEL
as an analysis tool, applying the DEMATEL to the discussion of more complex corporate
problems, finding primary and secondary problems through quantitative methods, high-
lighting direct and indirect correlation between problems, and lastly, identifying effective
criteria for companies to solve problems in coordination with quantitative and qualitative
multi evaluation index models.

3.2. The DEMATEL Procedure

The DEMATEL procedure is described as follows.

Step 1: Define the degrees of the dimension’s influence: A 5-point Likert scale is used
as the evaluation metric, and the values denote the degree of the dimension’s influence.
The semantic values are defined as 0, 1, 2, 3, and 4, which represent “no influence”,
“low influence”, “moderate influence”, “high influence”, and “extremely high influence”,
respectively.

Step 2: Establish a direct relationship matrix (A): The scores between factors in the
returned questionnaires are averaged to build a direct correlation matrix (A); each value in
the matrix represents the degree of influence between each pair of elements.

Step 3: Calculate the normalized relationship matrix (X): The direct relationship
matrix (A) obtained from Step 1 is normalized using normalization coefficients to derive
the normalized relationship matrix (X).

Step 4: Obtain the total influence matrix (T): After the equation T =X (I — X )~ lis
used to obtain the total influence matrix (T), the value of each row is summed up to obtain
the value of d, and the value of each column is summed up to obtain the value of .

Step 5: Analyze causal relationships among criteria: From the total influence matrix,
the sum of each row plus the sum of each column (i.e., d + ) is called prominence, which
shows the relational intensity of the element. The greater the prominence becomes, the
higher the degree of influential relationship is among the factors. The sum of each row
minus the sum of every column (i.e., d — r) is called relation. If the relation is positive,
then the element is referred to as a cause that actively affects other elements. If the relation
is negative, then the element is referred to as an effect that is affected by other elements.
Subsequently, the relationship of causes and effects can be depicted in a casual diagram
with the prominence (4 + 7) in the horizontal axis and the relation (4 — r) in the vertical
axis. The casual diagram can reflect the complex causal relationship among the dimensions
and criteria.

3.3. The DEMATEL Based on ANP (D-ANP)

The D-ANP is a hybrid MCDM that combines the DEMATEL and the ANP [73]
methods. Although using the conventional average method (equal cluster-weighted) to
obtain the weighted supermatrix in the ANP procedure is simple, it is likely to ignore the
different degrees of influence among the dimensions [6]. Therefore, the D-ANP method
was proposed to solve this problem. Furthermore, the super matrix that must be calculated
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in the ANP procedure can be transposed and normalized in the DEMATEL-derived total
influence matrix (T); then, the weighted matrix is obtained and multiplied by itself until
its value reaches a convergent fixed value. Thus, the weighted value of each dimension
is obtained.

This study uses the D-ANP method proposed by Ou Yang et al. [6] to investigate
the key factors for supplier selection by combining the DEMATEL and ANP. First, the
DEMATEL is used to identify the criteria for supplier selection based on expert opinions;
then, the ANP method is applied to calculate the weights of these key factors and determine
which key factors are the most crucial. The calculation steps of the D-ANP method are
indicated in Figure 3. Steps 14 are identical to steps 1-4 presented in Section 3.2. The total
influence matrix derived from DEMATEL is used as an ANP unweighted supermatrix to
generate the limiting supermatrix in steps 6 and 7. Finally, the overall ranking of selection
criteria is calculated by Borda count based on the DEMATEL prominence and the final
weight values from the D-ANP limiting supermatrix.

DEMATEL

Step 1: define the degrees of the dimension’s influence.
Step 2: establish a direct relationship matrix (A).
Step 3: calculate the normalized relationship matrix (X).

Step 4: obtain the total influence matrix (T).
Step 5: analyze causal relationships among criteria.

ANP

Step 6: take the total influence matrix (T) as an ANP unweighted supermatrix (W)
and normalize the unweighted supermatrix (W) to obtain the weighted su-
permatrix (W¥).

Step 7: generating the limiting supermatrix (S) from the weighted supermatrix (W*¥)

and calculate the D-ANP influence weights from the limiting supermatrix.

Step 8: calculating the overall ranking of criteria based on the DEMATEL prominence
and the final weight values from the D-ANP limiting supermatrix by Borda

count.

Figure 3. Calculation steps of the D-ANP (DEMATEL (Decision Making Trial and Evaluation Laboratory) based on ANP
(Analytic Network Process)) method.

Since both the DEMATEL and ANP provide the importance of each factor, this study
utilizes the Borda count method to combine them instead of just relying on the importance
of single method. The Borda count is a scoring method that produces a unique ranking
way. For example, if the importance of a factor ranks second in the DEMATEL and fourth
in the ANP, the Borda score will be six for this case. Therefore, a smaller Borda score means
higher importance that can be used to rank key factors [74,75].
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4. Data Analysis and Results
4.1. Formal Framework for Supplier Selection and Collecting Data

From reviewing the relevant literature, a prototype framework for supplier selection
is designed, including five dimensions and 19 criteria as indicated in Figure 2. The criteria
in the prototype framework are revised and confirmed by a selected panel of experts in
the display industry. Based on the experts” opinions, the fourth criterion “complex process
capability index” is integrated into the first criterion “process sampling defect rate”.

Three experts are invited to evaluate the necessity of the criteria for supplier selection
in the TFT-LCD industry. The Consensus Deviation Index (CDI) is used to validate the
consistency of experts’ consensus on each criterion. The smaller the CDI value, the higher
the degree of experts’ consensus. This study adopts the maximum average rating method
proposed by Teng [76] to set the threshold for the consistency of experts” consensus as
0.1 in the first round of necessity rating. The first round of necessity rating finds that five
out of 18 criteria exhibited CDI values greater than 0.1. That is, the experts do not reach
consensus on some of criteria. The experts are asked to provide reasons for their choices
inconsistent with others and then performed the second necessity rating. In the second
round of necessity rating, 18 criteria all exhibit CDI values below than 0.1. The experts
have consensus to maintain 18 criteria for supplier selection in the TFI-LCD industry. By
integrating the fourth criterion “complex process capability index” into the first criterion
“process sampling defect rate”, the formal framework for supplier selection includes five
dimensions and 18 criteria.

The D-ANP questionnaires are designed using the formal research framework. The
questionnaires are distributed to ten experts who still work in the display industry on
21 January 2019, and all questionnaires are returned. The average age of the experts is over
40 years old, and the average working experience is over 15 years. Seven and three of the
experts had master and doctoral degrees, respectively. The experts in private corporations
are all in management level. Others in research organizations are senior researchers or
management-level employees. One expert is employed in a small- and medium-sized
panel manufacturer, four experts are employed in large-sized panel manufacturers, and
five experts are employed in research organizations. Every expert has extensive practical
and research experiences in the display industry. The evaluation rubric designed for this
study uses scores between 0 and 10 as listed in Table 3.

Table 3. Rubric for evaluating degree of influence.

Score Degree of Influence
0 No influence
5 Moderate influence
10 Definitely influenced

4.2. Constructing the Casual Diagram of Selection Criteria
4.2.1. Establishing the Direct Influence Matrix
The questionnaires are filled in by experts to evaluate the degree of influence among

criteria. Table 4 displays the direct relation matrix (A) generated based on the results from
the various experts.

Table 4. Direct influence matrix.

. . . Delivery Date Technological Customer Service
b Dimension  Quality (D) Costs (D2) Factors (D3) Abilities (Dy) Ability (Ds)
Dimension Criteria Cn Cn Cs3 Ca Cp Cs Cu Cu Cp Cs Chyp Cp Cg Cu GCu G GCu Cu
Qualit Cy1 0 660 6.60 570 310 520 480 6.00 650 550 5.60 500 570 550 330 330 310 3.20
D )y Cip 6.00 0 590 540 330 540 340 520 440 590 520 510 6.00 570 4.40 440 450 4.10
1 Cis 5.80 6.30 0 510 350 4.60 330 430 4.10 490 4.60 4.80 440 580 570 460 480 420
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Table 4. Cont.

. . . Delivery Date Technological Customer Service
b Dimension  Quality (D) Costs (D7) Factors (D3) Abilities (Dy) Ability (Ds)

Co 620 560 580 0 640 520 610 390 540 520 510 470 450 490 390 420 420 4.70
Costs (Dy) Cx 400 270 360 630 O 590 570 420 4.60 450 3.60 3.60 3.70 350 350 3.30 3.10 3.00
2 Cos 260 340 380 650 570 O 520 280 3.00 260 250 2.80 240 220 370 4.00 470 2.60
Coy 290 330 380 620 980 510 O 350 320 3.80 3.80 4.00 4.10 430 3.60 3.80 4.70 2.90
Delivery Cs1 670 640 610 740 7.00 640 500 O 790 6.60 570 430 3.80 430 530 470 410 4.70
date factors Csp 6.60 6.70 690 640 7.00 590 450 670 O 620 460 380 4.80 430 4.80 390 350 3.70
(D3) Css 510 490 540 540 6.60 580 6.40 6.60 590 0.00 510 3.80 440 390 4.80 380 420 3.70
Cy1 560 580 640 560 330 430 360 490 520 5.00 O 490 640 490 460 290 340 3.10
Technological Cyp 440 430 580 430 290 420 440 320 310 390 640 O 550 530 420 3.40 3.30 260
abilities (Dy4) Cys 690 570 710 570 2.80 390 4.10 4.10 400 480 740 750 O 500 4.60 320 3.90 270
Cyy 540 520 520 620 3.70 440 530 3.30 310 290 6.10 7.80 6.70 0.00 390 4.00 4.10 3.70
Customer Cs1 450 490 510 460 430 520 3.70 440 340 460 280 390 220 260 O 450 6.00 8.10
service Csp 390 370 380 530 430 3.80 450 260 250 3.60 440 3.80 370 360 480 O 590 6.70
ability (Ds) Css 350 340 230 580 4.00 280 470 3.60 490 350 4.00 420 470 3.00 400 670 O 7.00

5 Csy 3.00 3.00 350 660 260 340 270 430 570 450 280 350 3.10 3.00 710 580 650 0

4.2.2. Establishing the Normalized Relationship Matrix

n
Each factor in the direct relation matrix is multiplied by A = 1/ max ( 3 A;;), where

0<i<n ;—
SIS ]_1
Al-j is the components of matrix A, to obtain the normalized influence matrix (X) listed
in Table 5.
Table 5. Normalized relationship matrix.
. . . Delivery Date Technological Customer Service
N Dimension  Quality (D1) Costs (D) Factors (D) Abilities (Dy) Ability (Ds)

Dimension Criteria Cii Cip C3 Cu Cpn Cpn Cuy G Cxp Cs Cy Cp Cs Cy G Cp Cs Cs
C11 0 0.068 0.068 0.059 0.032 0.054 0.050 0.062 0.067 0.057 0.058 0.052 0.059 0.057 0.034 0.034 0.032 0.033

Quality (Dq) Cyip 0.062 0 0.061 0.056 0.034 0.056 0.035 0.054 0.046 0.061 0.054 0.053 0.062 0.059 0.046 0.046 0.047 0.043
Cis 0.060 0.065 0 0.053 0.036 0.048 0.034 0.045 0.043 0.051 0.048 0.050 0.046 0.060 0.059 0.048 0.050 0.044

Co1 0.064 0.058 0.060 0 0.066 0.054 0.063 0.040 0.056 0.054 0.053 0.049 0.047 0.051 0.040 0.044 0.044 0.049

Costs (Dy) Cox» 0.041 0.028 0.037 0.065 0 0.061 0.059 0.044 0.048 0.047 0.037 0.037 0.038 0.036 0.036 0.034 0.032 0.031
0sts (L2 Cys 0.027 0.035 0.039 0.067 0.059 0 0.054 0.029 0.031 0.027 0.026 0.029 0.025 0.023 0.038 0.041 0.049 0.027
Coy 0.030 0.034 0.039 0.064 0.102 0.053 0 0.036 0.033 0.039 0.039 0.041 0.043 0.045 0.037 0.039 0.049 0.030

Delivery C31 0.070 0.066 0.063 0.077 0.073 0.066 0.052 0 0.082 0.068 0.059 0.045 0.039 0.045 0.055 0.049 0.043 0.049
date factors Cs 0.068 0.070 0.072 0.066 0.073 0.061 0.047 0.070 0 0.064 0.048 0.039 0.050 0.045 0.050 0.040 0.036 0.038
(D3) Cs3 0.053 0.051 0.056 0.056 0.068 0.060 0.066 0.068 0.061 O 0.053 0.039 0.046 0.040 0.050 0.039 0.044 0.038
Cy 0.058 0.060 0.066 0.058 0.034 0.045 0.037 0.051 0.054 0.052 0 0.051 0.066 0.051 0.048 0.030 0.035 0.032

Technological Cy 0.046 0.045 0.060 0.045 0.030 0.044 0.046 0.033 0.032 0.040 0.066 0 0.057 0.055 0.044 0.035 0.034 0.027
abilities (Dy) Cy3 0.072 0.059 0.074 0.059 0.029 0.040 0.043 0.043 0.041 0.050 0.077 0.078 0 0.052 0.048 0.033 0.040 0.028
Cuyg 0.056 0.054 0.054 0.064 0.038 0.046 0.055 0.034 0.032 0.030 0.063 0.081 0.070 0 0.040 0.041 0.043 0.038

Customer Cs1 0.047 0.051 0.053 0.048 0.045 0.054 0.038 0.046 0.035 0.048 0.029 0.040 0.023 0.027 0 0.047 0.062 0.084
service Csp 0.040 0.038 0.039 0.055 0.045 0.039 0.047 0.027 0.026 0.037 0.046 0.039 0.038 0.037 0.050 O 0.061 0.070
ability (Ds) Css 0.036 0.035 0.024 0.060 0.041 0.029 0.049 0.037 0.051 0.036 0.041 0.044 0.049 0.031 0.041 0.070 O 0.073

yEs Csy 0.031 0.031 0.036 0.068 0.027 0.035 0.028 0.045 0.059 0.047 0.029 0.036 0.032 0.031 0.074 0.060 0.067 O

4.2.3. Establishing the Total Influence Matrix
The total influence matrix (T) is generated by T = klim (X + X2+ X34+ Xk) =
— 00

X(I-X )~!, where I is the identity matrix. Table 6 displays the total influence matrix (T).
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Table 6. Total influence matrix.

. . . Delivery Date Technological Customer Service
*([-N)-1

N*(-N)"! Dimension  Quality (D) Costs (D) Factors (D3) Abilities (Dy) Ability (Ds)
Dimension Criteria Cin Cip Ci3 Cu Cpn Cpn Cuy G Cxpn G Cy Cp Cz Cy G Cp G Cs
C11 0.237 0.298 0.312 0.330 0.259 0.282 0.267 0.268 0.282 0.276 0.281 0.269 0.272 0.260 0.247 0.231 0.239 0.230
Quality (Dy) Cio 0.292 0.230 0.301 0.324 0.256 0.281 0.251 0.258 0.259 0.276 0.274 0.267 0.272 0.259 0.255 0.240 0.250 0.237
Ci3 0.279 0.281 0.233 0.309 0.248 0.263 0.240 0.240 0.247 0.257 0.259 0.255 0.248 0.251 0.258 0.234 0.244 0.231
Co1 0.295 0.286 0.302 0.274 0.290 0.282 0.279 0.248 0.270 0.272 0.275 0.265 0.260 0.253 0.253 0.240 0.249 0.244
Costs (D) Cox» 0.229 0.215 0.234 0.283 0.186 0.245 0.234 0.210 0.221 0.223 0.217 0.212 0.210 0.200 0.207 0.193 0.199 0.190
osts 122 Cxs 0192 0.197 0210 0.257 0.218 0.163 0.207 0.175 0.184 0.182 0.183 0.182 0.176 0.167 0.188 0.181 0.194 0.168
Coy 0.227 0.227 0.244 0.292 0.287 0.245 0.186 0.210 0.215 0.223 0.227 0.224 0.222 0.215 0.215 0.205 0.221 0.196
Delivery Cs1 0.329 0.323 0.335 0.379 0.324 0.322 0.296 0.235 0.321 0.313 0.307 0.287 0.279 0.272 0.292 0.269 0.273 0.269
date factors Cs 0.313 0.311 0.327 0.352 0.309 0.302 0.277 0.287 0.231 0.295 0.283 0.269 0.275 0.260 0.273 0.248 0.254 0.246
(D3) Css 0.286 0.281 0.299 0.328 0.294 0.289 0.282 0.274 0.276 0.222 0.275 0.256 0.259 0.244 0.261 0.237 0.250 0.236
Cy 0.279 0.278 0.296 0.313 0.247 0.261 0.243 0.246 0.257 0.259 0.214 0.256 0.267 0.243 0.248 0.217 0.230 0.218
Technological Cy 0.241 0.238 0.264 0.272 0.218 0.234 0.227 0.207 0.213 0.224 0.252 0.184 0.236 0.225 0.221 0.200 0.207 0.192
abilities (Dy) Cy3 0.299 0.285 0.312 0.323 0.249 0.265 0.255 0.246 0.253 0.264 0.294 0.288 0.213 0.252 0.255 0.226 0.242 0.221
Cuyy 0.275 0.270 0.284 0.318 0.249 0.260 0.258 0.229 0.236 0.237 0.273 0.283 0.270 0.194 0.240 0.227 0.236 0.223
Customer Cs1 0.247 0.248 0.261 0.284 0.239 0.250 0.227 0.225 0.224 0.237 0.222 0.227 0.208 0.203 0.187 0.219 0.241 0.253
service Csp 0.231 0.226 0.238 0.277 0.228 0.226 0.224 0.197 0.204 0.217 0.227 0.217 0.213 0.204 0.224 0.165 0.230 0.230
ability Css 0.232 0.228 0.230 0.288 0.231 0.222 0.231 0.211 0.232 0.221 0.229 0.225 0.227 0.202 0.221 0.234 0.176 0.237
(Ds) Csy 0.226 0.224 0.239 0.293 0.217 0.226 0.211 0.217 0.238 0.229 0.215 0.217 0.210 0.200 0.249 0.224 0.239 0.170

4.2 4. Finding the Prominence and Relation Among the Criteria

From the total influence matrix, the sum of rows plus the sum of columns is called
prominence. The sum of rows minus the sum of columns is called relation. The results
are summarized in Table 7. The criterion with a higher prominence is a more important
factor for supplier selection. Figure 4 depicts a causal diagram to express the relationship
among significant criteria that have prominence values higher than the average prominence
(8.89594).

Table 7. Prominence and relation among the criteria.

Criteria Sum of Sum of Rows Prominence Relation
Columns

Process sampling defect rate (Cq1) 4.8397 4.7082 9.54791 0.13157

Quality system certification (C1p) 4.7807 4.6455 9.42620 0.13510
Ability to analyze and process abnormal raw materials (Cy3) 4.5769 4.9220 9.49893 —0.34507
Transaction prices (Cp1) 4.8371 5.4959 10.33299 —0.65880
Transportation costs (Cpp) 3.9084 4.5497 8.45805 —0.64134
Cost of returns (Cp3) 3.4246 4.6177 8.04232 —1.19317
Supplier cost information (Cp4) 4.0800 4.3939 8.47389 —0.31391

Delivery reliability (C31) 5.4254 4.1833 9.60873 1.24208

Delivery date accuracy (Csp) 5.1127 4.3630 9.47572 0.74968

Supplier flexibility (Cz3) 4.8468 4.4270 9.27384 0.41981

Ability to optimize production in a short time (Cy1) 4.5711 4.5069 9.07802 0.06425
Ability to develop new product designs (C4) 4.0544 4.3811 8.43543 —0.32671

Production and manufacturing expertise (C43) 4.7409 4.3162 9.05712 0.42476

Development process for building new products (C44) 4.5643 4.1032 8.66750 0.46102
Speed in responding to customer complaints (Cs) 4.2001 4.2949 8.49502 —0.09487
Informational transparency within the industry (Cs;) 3.9813 3.9888 7.97010 —0.00749
Communication and coordination within the industry (Cs3) 4.0756 4.1740 8.24950 —0.09838

Professional competence of the sales staff (Cs4) 4.0435 3.9920 8.03547 0.05149




Mathematics 2021, 9, 396

12 of 18

(Relationship)

1.50000

1.00000

0.50000

-0.50000

-1.00000

d-r

[ THRESHOLD VALUE ALPHA: 8.89594

9.05712,0.42476

/ ”
P

9.60873, 1.24208
’ 9’[‘47572, 0.74968

9.54791, 0.13157
Cl11

d+r
10?08000 10.20000 10.40000

10.33299, -0.65880

(Prominence)

Figure 4. A causal diagram of key factors for supplier selection in the TFT-LCD industry.

Figure 4 indicates that the factor of transaction prices has the highest prominence
value. Furthermore, a positive relation value indicates that the criterion is a cause and will
affect the performance of other criteria. Conversely, a negative value indicates that the
criterion is an effect and will be influenced by other criteria. Mohammed et al. [5] revealed
that in past studies, suppliers were typically selected according to the TC such as cost and
quality, ignoring the RC such as agility and flexibility. In this study, the RCs have high
rankings in the prominence, particularly the ability to analyze and process abnormal raw
materials (C13) with a prominence value of 9.49893, the supplier flexibility (C33) with a
prominence value of 9.27384, and the ability to optimize production in a short time (C41)
with a prominence value of 9.07802. Section 1 has mentioned that many studies on the
criteria of supplier selection in the display industry neglected the factor of technological
abilities. However, TFT-LCD is a technology-intensive industry, and the literature review
indicated that technological abilities is a significant dimension in the selection of suppliers
in the display industry. The analytical results in Table 8 demonstrate that technological
abilities (D4) ranks first in prominence among five dimensions.

Table 8. Ranking of prominence among dimensions in this research.

Sum of Prominence of Criteria in

Dimension Each Dimension Ranking
Quality (D;) 28.47304 3
Costs (D») 26.83336 5
Delivery date factors (D3) 28.35829 4
Technological abilities (Dy) 35.23807 1
Customer service ability (Ds) 32.75009 2

4.2.5. Generating the Weighted Super Matrix
The total influence matrix (T), T = klim (X + X2+ X4+ Xk) = X(I-X)7,
—00

where [ is the identity matrix, calculated using the DEMATEL, is regarded as the un-
weighted matrix in the D-ANP. Each value in the unweighted matrix is divided by the total
of its row to obtain the D-ANP weighted supermatrix as listed in Table 9.
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Table 9. D-ANP weighted supermatrix.

Weighted Dimension Quality Costs Delivery Date Technological Customer Service
Matrix (D) (D) Factors (D3) Abilities (Dy) Ability (Ds)
Dimension Criteria Cin Cip Ci3 Cu Cpn Cpn Cuy G Cxpn G Cy Cp Cz Cy G Cp G Cs
C11 0.050 0.064 0.063 0.060 0.057 0.061 0.061 0.064 0.065 0.062 0.062 0.061 0.063 0.063 0.058 0.058 0.057 0.058
Quality (Dy) Cio 0.062 0.050 0.061 0.059 0.056 0.061 0.057 0.062 0.059 0.062 0.061 0.061 0.063 0.063 0.059 0.060 0.060 0.059
Ci3 0.059 0.061 0.047 0.056 0.055 0.057 0.055 0.057 0.057 0.058 0.057 0.058 0.057 0.061 0.060 0.059 0.059 0.058
Co1 0.063 0.062 0.061 0.050 0.064 0.061 0.063 0.059 0.062 0.061 0.061 0.060 0.060 0.062 0.059 0.060 0.060 0.061
Costs (D) Cox» 0.049 0.046 0.048 0.052 0.041 0.053 0.053 0.050 0.051 0.050 0.048 0.048 0.049 0.049 0.048 0.048 0.048 0.048
2 Cys3 0.041 0.042 0.043 0.047 0.048 0.035 0.047 0.042 0.042 0.041 0.041 0.042 0.041 0.041 0.044 0.045 0.046 0.042
Coy 0.048 0.049 0.049 0.053 0.063 0.053 0.042 0.050 0.049 0.050 0.050 0.051 0.051 0.052 0.050 0.051 0.053 0.049
Delivery Cs1 0.070 0.070 0.068 0.069 0.071 0.070 0.067 0.056 0.074 0.071 0.068 0.065 0.065 0.066 0.068 0.067 0.066 0.067
date factors Cs 0.067 0.067 0.066 0.064 0.068 0.066 0.063 0.069 0.053 0.067 0.063 0.061 0.064 0.063 0.064 0.062 0.061 0.062
(D3) Css 0.061 0.060 0.061 0.060 0.065 0.063 0.064 0.065 0.063 0.050 0.061 0.058 0.060 0.059 0.061 0.059 0.060 0.059
Cy 0.059 0.060 0.060 0.057 0.054 0.056 0.055 0.059 0.059 0.058 0.047 0.058 0.062 0.059 0.058 0.054 0.055 0.055
Technological Cy 0.051 0.051 0.054 0.049 0.048 0.051 0.052 0.049 0.049 0.051 0.056 0.042 0.055 0.055 0.051 0.050 0.050 0.048
abilities (Dy) Cy3 0.063 0.061 0.063 0.059 0.055 0.057 0.058 0.059 0.058 0.060 0.065 0.066 0.049 0.061 0.059 0.057 0.058 0.055
Cuyy 0.058 0.058 0.058 0.058 0.055 0.056 0.059 0.055 0.054 0.054 0.061 0.065 0.062 0.047 0.056 0.057 0.057 0.056
Customer Cs1 0.052 0.053 0.053 0.052 0.053 0.054 0.052 0.054 0.051 0.054 0.049 0.052 0.048 0.049 0.044 0.055 0.058 0.063
service Csp 0.049 0.049 0.048 0.050 0.050 0.049 0.051 0.047 0.047 0.049 0.050 0.050 0.049 0.050 0.052 0.041 0.055 0.058
ability (Ds) Css 0.049 0.049 0.047 0.052 0.051 0.048 0.053 0.051 0.053 0.050 0.051 0.051 0.053 0.049 0.051 0.059 0.042 0.059
Y s Csy 0.048 0.048 0.049 0.053 0.048 0.049 0.048 0.052 0.055 0.052 0.048 0.049 0.049 0.049 0.058 0.056 0.057 0.042
4.2.6. Generating the Limiting Super Matrix
After multiplying the weighted super matrix by itself until it becomes convergent
and the value reaches a fixed number, we obtain the limiting supermatrix as displayed
in Table 10.
Table 10. The limiting supermatrix.
Weighted Dimension Quality Costs Delivery Date Technological Abilities Customer Service Ability
Matrix (Dy) (D) Factors (D3) (Dy) (Ds)
Dimension Criteria Cn Ci2 Cs3 Cun Cn Cpn Cy GCyi Cpn GCz Cyu Cp Cz Cy GCy GCun Cs Csy
Oualit Cn 0.0503 0.0642 0.0634 0.0600 0.0569 0.0611 0.0607 0.0641 0.0645 0.0623 0.0624 0.0614 0.0631 0.0634 0.0576 0.0580 0.0572 0.0575
0 )y Ci 0.0619 0.0495 0.0612 0.0589 0.0564 0.0607 0.0571 0.0616 0.0594 0.0623 0.0609 0.0609 0.0630 0.0631 0.0594 0.0601 0.0598 0.0593
1 Cis 0.0593 0.0605 0.0473 0.0562 0.0546 0.0570 0.0547 0.0574 0.0565 0.0581 0.0574 0.0581 0.0574 0.0611 0.0601 0.0586 0.0585 0.0578
Cn 0.0627 0.0617 0.0614 0.0498 0.0637 0.0610 0.0635 0.0593 0.0620 0.0614 0.0610 0.0604 0.0603 0.0617 0.0588 0.0602 0.0597 0.0612
Costs Co 0.0487 0.0462 0.0476 0.0515 0.0408 0.0529 0.0532 0.0502 0.0507 0.0503 0.0482 0.0484 0.0487 0.0488 0.0483 0.0485 0.0477 0.0476
(D) Cys 0.0407 0.0424 0.0427 0.0468 0.0480 0.0353 0.0471 0.0419 0.0421 0.0412 0.0407 0.0415 0.0408 0.0407 0.0437 0.0454 0.0465 0.0421
Cas 0.0481 0.0489 0.0495 0.0531 0.0631 0.0530 0.0423 0.0502 0.0493 0.0505 0.0503 0.0510 0.0513 0.0523 0.0502 0.0514 0.0530 0.0492
Delivery date Cat 0.0699 0.0695 0.0681 0.0690 0.0712 0.0697 0.0673 0.0562 0.0736 0.0707 0.0682 0.0654 0.0647 0.0664 0.0679 0.0674 0.0655 0.0674
factors Can 0.0666 0.0669 0.0665 0.0641 0.0678 0.0655 0.0630 0.0685 0.0530 0.0666 0.0628 0.0613 0.0636 0.0633 0.0636 0.0623 0.0609 0.0617
(D3) Ca 0.0607 0.0604 0.0608 0.0597 0.0646 0.0625 0.0643 0.0654 0.0633 0.0501 0.0610 0.0584 0.0599 0.0594 0.0609 0.0593 0.0598 0.0590
Technological Ca 0.0592 0.0598 0.0602 0.0570 0.0543 0.0565 0.0553 0.0589 0.0589 0.0584 0.0474 0.0584 0.0618 0.0592 0.0577 0.0543 0.0551 0.0547
¢ g‘.i’.t‘.’gma Ca 0.0512 0.0512 0.0535 0.0494 0.0480 0.0508 0.0516 0.0495 0.0488 0.0505 0.0559 0.0421 0.0546 0.0548 0.0514 0.0501 0.0496 0.0482
a ‘5 1es Css 0.0634 0.0613 0.0633 0.0588 0.0547 0.0573 0.0580 0.0587 0.0580 0.0597 0.0652 0.0658 0.0493 0.0614 0.0594 0.0567 0.0579 0.0554
(D) Cu 0.0584 0.0582 0.0577 0.0579 0.0548 0.0563 0.0588 0.0548 0.0540 0.0536 0.0606 0.0646 0.0625 0.0474 0.0560 0.0568 0.0566 0.0559
Cust Cs1 0.0524 0.0534 0.0531 0.0516 0.0526 0.0542 0.0516 0.0537 0.0513 0.0535 0.0492 0.0518 0.0482 0.0495 0.0435 0.0549 0.0577 0.0633
us Onl;.ef.t Cs 0.0490 0.0487 0.0484 0.0505 0.0502 0.0490 0.0511 0.0472 0.0469 0.0490 0.0505 0.0496 0.0495 0.0496 0.0521 0.0412 0.0551 0.0577
Ser‘”fga) Tty Css 0.0493 0.0492 0.0467 0.0523 0.0508 0.0480 0.0525 0.0505 0.0531 0.0499 0.0507 0.0514 0.0526 0.0492 0.0514 0.0585 0.0422 0.0594
5 Css 0.0481 0.0482 0.0487 0.0533 0.0477 0.0490 0.0480 0.0519 0.0545 0.0518 0.0478 0.0494 0.0486 0.0488 0.0579 0.0563 0.0572 0.0425

4.3. Calculating and Ranking the Key Factors

The main drawback in the DEMATEL method is that no feedback loops are allowed
in relationship maps. This study applies the ANP to overcome the problem of dependence
and feedback among criteria [7]. Since both DEMATEL prominence and D-ANP weights
provide the importance of each factor, this study integrates them using the Borda count [77]
to avoid the shortcomings of each single evaluation ranking method and to combine the
inconsistent results from different ranking models. The ranking of DEMATEL prominence
and the ranking of the final weight values from the D-ANP limiting super matrix are
summed up to a single Borda score, which is used to generate the overall ranking. Table 11
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lists the overall ranking of selection criteria. A smaller Borda score implies a more critical
criterion with greater importance. Table 11 demonstrates that among the 18 criteria, display
panel vendors rate delivery reliability (Cz;), transaction prices (Cy1), process sampling
defect rate (Cq1), delivery date accuracy (Csp), and supplier flexibility (Cs3) as the most
important factors when selecting the upstream parts suppliers.

Table 11. Overall ranking of criteria for supplier selection.

Criteria DEMATEL Prominence D-ANP D-ANP Weight Borda Overall
Prominence Ranking Weight Ranking Score Ranking
Process sampling defect rate (C17) 9.54791 3 0.0606 3 6 3
Quality system certification (C1p) 9.42620 6 0.0598 6 12 6
Ability to analyze anq process 9.49893 4 0.0573 8 1 6
abnormal raw materials (Cq3)
Transaction prices (Cp) 10.33299 1 0.0605 4 5 2
Transportation costs (Cpp) 8.45805 13 0.0488 17 30 15
Cost of returns (Cp3) 8.04232 16 0.0427 18 34 17
Supplier cost information (Cp4) 8.47389 12 0.0508 13 25 12
Delivery reliability (Cs1) 9.60873 2 0.0676 1 3 1
Delivery date accuracy (Csp) 9.47572 5 0.0638 2 7 4
Supplier flexibility (C33) 9.27384 7 0.0605 4 11 5
Ability to optlm}ze production in 9.07802 8 0.0572 9 17 9
a short time (Cy47)
Ability to develop new product 8.43543 14 0.0507 14 28 14
designs (Cgp)
Production anq manufacturing 9.05712 9 0.0592 7 16 3
expertise (C43)
Development process for building 8.66750 10 0.0569 10 20 10
new products (Cyyq)
Speed in respon.dmg to customer 8.49502 1 0.0524 1 » 1
complaints (Cs1)
Informatlongl transparency within 797010 18 0.0497 16 34 17
the industry (Csp)
Communication and coordination
within the industry (Cs3) 8.24959 15 0.0510 12 27 13
Professional competence of the 8.03547 17 0.0506 15 3 16

sales staff (Csyq)

5. Conclusions and Suggestions

This study constructs a research framework to analyze the key factors for supplier
selection in Taiwan’s TFT-LCD industry by a literature review and expert interviews.
This section summarizes the analytical results of the key factors and provides appropriate
suggestions to the upstream parts suppliers. The results can also be a reference for academic
research and practical operations.

Many past studies on the selection of suppliers in the display industry have lacked
in-depth discussions on technological abilities. Some papers only discussed technological
abilities by embedding it under the dimension of delivery factors. Through a literature re-
view, this study finds that technology ability is a crucial evaluation dimension for selecting
suppliers in the display industry. Consequently, technological abilities (D4) is regard as a
main dimension in the research framework. Analytical results also indicate that the overall
ranking of prominence among dimensions is determined in descending order as follows:
technological abilities (D4), customer service abilities (Ds), quality (D), delivery factors
(D3), and costs (D;). The top five key criteria are delivery reliability (Cs1), transaction
prices (Cy1), process sampling defect rate (Cq1), delivery date accuracy (Cs;), and supplier
flexibility (Cs3).

Past studies found that supplier selection is a complex multicriteria decision-making
process based on the TC such as cost and quality, and ignoring the RC such as agility and
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flexibility. In addition to confirming traditional supplier selection criteria such as delivery
accuracy (Csp), transaction prices (Cp1), and quality system certification (Cyy), this study
further considered the RC: ability to analyze and process abnormal raw materials (Cy3),
supplier flexibility (Cs3), ability to optimize production in a short time (C41), and speed in
responding to customer complaints (Cs; ).

In the DEMATEL causal diagram, there are seven core factors in the first quadrant
and two major influenced factors in the fourth quadrant. Delivery reliability is defined as
the supplier’s ability to provide a steady supply under specific conditions. Steady delivery
increases advantages in price negotiations between suppliers and midstream panel vendors,
and establishes transactions between both parties on a foundation of mutual trust and
confidence. This also leads to more desirable transaction prices. Delivery date accuracy
refers to whether the supplier can deliver stock by the specified time. Delivery date accuracy
increases the customers’ confidence in the vendor and encourages customers to maintain
a constant partnership with the vendor. This indirectly affects the transaction prices and
enhances flexibility in price negotiation. Supplier flexibility refers to the supplier’s ability
to react and set goals under uncertainty. Flexible suppliers can quickly adapt to changes in
the external environments or within the organizations. The flexible ability is vital to the
company’s future growth prospects.

Although the current framework is constructed and reviewed by experts in the display
industry, some suggestions are provided for future research. As a result of the limitations on
time and resource in this study, the survey was distributed only to key persons in the supply
chain. Future researchers could collect more diverse opinions and feedback to strengthen
the analysis of key factors for supplier selection. Additionally, the survey respondents were
mostly concentrated among mid- and high-level management or senior engineers with five
or more years of work experience. Since these respondents have accumulated a certain
amount of work qualifications and experience, they may have completed the survey from
the perspective of a decision-maker or manager. The responses may lack the perspective of
suppliers that provide services on the front lines. Future researchers should increase more
respondents to get more viewpoints dimensionally.
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