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CHAPTER 1
INTRODUCTION

1.1 Introduction

Nowadays businesses tend to compete with rivals by improving capability to
meet customer demands. In terms of logistics and supply chain management, there are
several activities which a firm should conduct, for example, customer service and
support, purchasing and procurement, transportation, inventory management, etc.
Among these activities, purchasing and procurement is an activity that manufacturing
companies have been facing and focusing due to its significance in company overall
effectiveness (Bevilacqua & Petroni, 2002; Ellram & Carr, 1994). In procurement and
purchasing process, there are six decisions to make orderly (Aissaoui, Haouari, &

Hassini, 2007) as shown in Figure 1.1.

= —_———
- ~
~
pe.

Sourcing
analysis

Supplier
selection

Purchasing
decisions

Procurement

A

Figure 1.1 Decision processes in purchasing and procurement activity
(Aissaoui et al., 2007)
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negotiation

Design
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In Figure 1.1, after companies decide whether to make product by themselves
or buy from outside, the next step is supplier selection process which means selecting
the most suitable supplier who should provide materials, parts, semi-finished parts, etc.,
to buyer’s company in order to produce product by their own or sell to customers with
highest efficiency. Then design the contract, how should company negotiate with
selected supplier. Next step is design collaboration, co-working with supplier to meet
product requirement and specification before start the procurement process. After finish
the procurement, company should evaluate efficiency of purchasing and procurement
activity, especially supplier performance. From these decision processes, one of the key
to improve logistics efficiency of a firm is to select appropriate supplier. To compete
with rivals, suppliers play important role on buying firm. Purchasing cost sometimes
contribute more than 50% of total cost of goods sold (Humphreys, Huang, Cadden, &
Mclvor, 2007). Therefore it is obviously that supplier performance has effect on firm
performance. On the other hand, supplier selection and evaluation are able to enhance

cost and reduction as well as quality Aksoy and Oztiirk (2011)

De Boer, Labro, and Morlacchi (2001) stated that supplier selection processes
were classified into four phases. After define problem, the criteria must be formulated.
Then qualify or pre-select suppliers to reduce number of possible suppliers before
making final decision. One of the important questions is how to identify critical criteria
as well as its importance level. Since Dickson first introduced 23 critical criteria of
supplier selection problem in 1960, many researchers still used Dickson’s criteria to
evaluate suppliers. It appears that cost, delivery and quality are top-3 basic criteria that
most of the studies considered. The next top-2 criteria are production facilities and
capacity, and technical capability. Due to different industry and environment, then
different criteria are selected. Obviously, supplier selection is the decision making
under multiple criteria including qualitative and quantitative criteria that buying firm

should consider.

Moreover as the environmental awareness has been growing, numerous
researchers in supply chain and logistics management has combined this issue into their
researches in many topics. Green manufacturing is one of the crucial issues to enhance

green supply chain management. Therefore, in supplier selection process, a firm should



consider criteria of being green supplier chain in terms of promoting green supply chain
management for long-term sustainability. In this research, criteria of green supplier are

brought to consider with other qualitative and quantitative criteria.

In Thailand, electronics industry is one of the most important industries. Also,
refer to Thailand 4.0 development plan, 1 of 10 targeted industries is electronics
industry with total export in 2017 accounted for more than 60 billion as showed in

Figure 1.2.

70,000.00
60,000.00
50,000.00
40,000.00
30,000.00
20,000.00

Export Value (USD milion)

10,000.00

0.00 2013 2014 2015 2016 2017

electronic appliances 21,596.72 22,439.66 21,415.00 21,906.33 23,703.55
electronics devices  33,107.73 34,417.70 33,885.77 33,179.52 36,505.23
total 54,704.45 56,857.36 55,300.77 55,085.85 60,208.78

Source: Office of Industrial Economics, Ministry of Industry Thailand

Figure 1.2 Export value of Thai electronics industry

From Figure 1.2, it can be seen that electronics industry in Thailand is
continuously expanding. With skillful labor, geographic advantage and transport
facilities, Thailand has been being the largest electrical appliances manufacturing base
in ASEAN and will continue to play an important role in Thailand’s economic
development. However, due to ASEAN Economic Community (AEC) that has been
established by the end of 2015, despite of gaining new opportunities, the competition
among this region is more crucial. Thai manufacturers have to adjust themselves for a

situation like this. One of the key issues is improving their performance. Not



surprisingly, supplier selection has positive relationship to buying firm’s performance
(Kannan & Tan, 2002; Nelson, Muhamad, Loo, & Mat, 2005). Improving supplier

selection could affect to manufacturer’s performance as well.

Electronics products are different from general consumer products because they
are various customization and time sensitive which performance extensively depends
on suppliers. In addition, supplier plays a major role in supporting and enhancing
buying firm’s efficiency (Lemke, Goffin, Szwejczewski, Pfeiffer, & Lohmiller, 2000).
There are many researches developing supplier selection method in Asian region. For
example, case study in Hong Kong by Choy, Lee, and Lo (2002), case study in China
by Chiou, Hsu, and Hwang (2008) and Yan (2009), in Taiwan by Lee, Kang, Hsu, and
Hung (2009) and Y. H. Chen and Chao (2012), and the study in Malaysia by
Bhattacharya, Geraghty, and Young (2010). Nevertheless, there appears to be no case
study formulating critical criteria and developing method for supplier selection decision
in Thailand.

Many researchers have been dealing with supplier selection problem for
decades. There are several methods to tackle with this problem. With multiple criteria
of supplier selection, a fashionable method is comparing importance of criteria
assuming that criteria are independent. Then calculate preference score of each
potential supplier without consideration of uncertainties of supplier performance,
especially if the data of performance throughout a periodic of time is not utterly
symmetric, i.e. normal distribution. Therefore, for better reflect to real circumstances,
this research attempts to develop a proper method to select supplier for Thai electronics
manufacturers based on mean-variance-skewness of supplier’s performance regarding

multiple interrelated criteria by using ANP approach.

1.2 Problem Statement

Generally, when selecting supplier, buying firm should select the one which
have high expected performance (i.e., mean) and low risk (i.e., variance). But
consideration only mean and variance may not sufficient as mention earlier because

literally supplier’s performance could be fluctuated for a period of time. That is to say



that supplier whose performance has no skewness does not point out that it is good

supplier.

Average
performance

§tandard deviation of A Standard deviation of B
(A) (B)

performance

Standard deviation of C Standard deviation of D

(©) (D)

Figure 1.3 Example of on-time delivery performance of possible supplier A-D

For example, in order to evaluate supplier performance based on deliverability
which is measured by %on-time delivery. Supposed that each graph in Figure 1.3
represents on-time delivery performance of different supplier (A-D). To compare
between A and B, both of them has same average %on-time delivery, as mean of these
two suppliers are equal. But the variance of A is greater than B as we can see that graph
A is more spread out than B. In this case we can say that supplier B is better than A
even though their average performances are equal since B’s performance is more stable
or has lower variance. In other words, lower SD means lower risk. But to compare
between C and D, both suppliers has equal mean and SD. If buyer only takes mean and
variance into account, then buyer may conclude that both of them have equal
performance. But if buyer also takes skewness into consideration, despite the fact that
C and D has equal average, both may perform different performance. Figure (C) shows

that its performance skews to the right (positive-skew) while (D) skews to the left



(negative-skew). This means that most likely C has lower %on-time delivery than
expected while D has higher since D’s mode exceeds means and vice versa for C.
Assuredly, buyers prefer left-skewed %on-time delivery to either right-skewed or
symmetrical of %on-time delivery distribution. The question is, whether skewness has

effect and plays important role on supplier performance.

Please be noted that there is 2 types of performance. One is performance with
negative skewness is preferred or the higher of performance index, the better efficiency,
such as %on-time delivery. Conversely, another one is performance with positive
skewness is preferred or the lower of performance index, the better efficiency, such as
cost and lead time. In this case buyers would prefer right-skewed rather than left-

skewed performance.

Even there is an evaluating performance combines these 3 combinations
together which is called mean-variance-skewness framework and often used in
portfolio selection problem. In the problem of portfolio selection, the investor must
select the optimal portfolio. To evaluate or measure portfolio performance, there is a
method to evaluate based on mean-variance-skewness framework. The results prove
that the efficiency obtained from combining those three moments is better than
traditional evaluation. But in logistics research, no one ever applied this concept on
supplier selection problem. This research aims to fill these gaps by developing decision
matrices for selecting proper supplier with multiple interrelated criteria based on mean-
variance-skewness of supplier’s performance to enhance higher purchasing efficiency

of buying firm.

1.3 Research Questions

From problem statement as explained in previous section, there are 2 research

questions as follows:
1. Do the skewness has effect on performance?

2. If the answer is yes, should decision maker considers skewness on top of the

average and standard deviation when selecting supplier and what is the proper method?



1.4 Research Objectives

1. To identify influential criteria and their important weight of supplier selection

problem for Thai electronics industry.

2. To develop decision matrices for selecting supplier based on mean-variance-

skewness of supplier’s performance.

1.5 Research Methodology

After formulating criteria set which is gathered by literature review, then the
questionnaire is designed in order to collect the data which has 2 types. The first type
of data is the comparison among criteria to identify criteria important weight. This data
will be analyzed using ANP approach. Another type is the data of performance
evaluating in order to obtain the value of supplier performance in 3 characteristics,
which is mean, standard deviation, and skewness. Then this data will be analyzed to
explore skewness effect. Finally both type of data will be combined together in order

to develop decision matrix.

1.6 Contribution

The main contribution of this research has two-folds. One is contribution for
Thailand industry and another one is contribution for academic. For Thailand industry’s
contribution, this research will provide the appropriate systematic to help electronics
industry in Thailand select the most suitable supplier in a practical way. For academic
contribution, this research is the first one applying the concept of performance
evaluation based on mean-variance-skewness framework on supplier selection problem
and explore the importance of criteria of green supplier to enhance supply chain

management sustainability.



CHAPTER 2
LITERATURE REVIEW

The main objective in this research is to develop decision matrices for selecting
appropriate supplier with multiple interrelated criteria under risk consideration in order
to enhance logistics efficiency of Thai electronics industry. This chapter will present
related previous study including theory and principle that will be applied in this research.
In order to achieve research objectives, literature review in this research is classified

into 5 main topics.

1. Supplier selection criteria to extract influential criteria and construct initial
set of criteria used in this research.

2. Supplier selection method to study methods that researchers used in supplier
selection problem in order to identify suitable method for this research.

3. AHP and ANP approach which is the approach used in this research.

4. Performance evaluating to show the idea of skewness impact on supplier
selection and the idea of bringing skewness into performance evaluation.

5. FMEA concept which is the measurement of potential failure in order to

acquire the idea of new method for supplier selection.

2.1 Supplier Selection Criteria

In logistics and supply chain management, one of the key activities is
procurement and purchasing activity. It is impossible to process all activities in order
to manufacture products to end-customer in one place or one company. In reality
businesses have been more relied on suppliers (Simi¢, Kovacéevi¢, Svir€evi¢, & Simic,
2017). One of the important question on supplier selection problem is what are the
critical criteria affecting to the decision process and how to measure the importance
level of each criterion. Back to 1966, Dickson introduced 23 critical factors which
affecting vendor selection and evaluation by spreading out questionnaire to purchasing
agents and managers in United States and Canada. Among these 23 criteria, Dickson’s

survey revealed that the top 6 important criteria were quality, delivery, performance



history, warranties and claim policies, production facilities and capacity, and price,
respectively. Notwithstanding that this study was published since 1966, some of criteria
are still valid and considered as affecting factor on supplier selection by many
researchers. After Dickson’s study in 1966, Weber, Current, and Benton (1991)
conducted research and reviewed about criteria and methods which had been studied
by researchers since 1966-1990. From his review, it was found that price, quality and
delivery were extremely influent to select a proper supplier. The next ranks are
production facilities and capacity, geographical location, and technical capability,
respectively. The different weight could come from changing of business and
manufacturing environment. Table 2.1 shows comparison of ranking of criteria between
Dickson (1966) and Weber et al. (1991).

Table 2.1 Criteria ranking between Dickson (1966) and Weber et al (1991)

No. Criteria Dickson’s Weber et al.’s
rank rank
1 Quality 1 3
2 Delivery 2 2
3 Performance history 3 9
4 Warranties and claim policies 4 23
5 Production facilities and capacity 5 4
6 Price 6 1
7 Technical capability 7 6
8 Financial position 8 9
9 Procedural compliance 9 15
10 | Communication system 10 15
11 | Reputation and position in industry 11 8
12 | Desire for business 12 21
13 | Management and organization 13 7
14 | Operating controls 14 13
15 | Repair service 15 9
16 | Attitude 16 12
17 Impression 17 15
18 Packaging ability 18 13
19 | Labor relations record 19 15
20 | Geographical location 20 5
21 | Amount of past business 21 21
22 | Training aids 22 15
23 | Reciprocal arrangements 23 15
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Since 1990s, many researches have been using Dickson’s criteria to evaluate
supplier. Apparently, cost, quality and delivery are the basic criteria that most of the
studies considered. For example, Weber and Desai (1996) tried to measure supplier
performance and efficiency based on combination of three basic performances required
criteria, namely cost, quality, and delivery. De Boer, Van Der Wegen, and Telgen
(1998)also considered cost and quality as major criteria that buying firm should
concerned but location of supplier and supplier’s yearly turnover were added in to the
decision model. The reason was in JIT production system; supplier should not be
located too far from manufacturing firm and should not too small or too big for buying
firm to manage. Verma and Pullman (1998) did research about how managers choose
suppliers and trade-off among four influential criteria, which are cost, quality, delivery,
and flexibility. By surveying from questionnaire sent to 139 metallic tooling
manufacturers in Western United States, it was found that quality is the most important
criteria, followed by on-time delivery, cost, lead time and flexibility, respectively.
Similar to Verma and Pullman’s study, Albino and Garavelli (1998) considered cost,
quality, and delivery as basic performances with management skill of supplier and
technical capability when making decision while Ghodsypour and O'Brien (1998) and
Ghodsypour and O’Brien (2001) included production facilities and capacity to be one

of their criteria.

Under the assumption of product quality among alternate suppliers are identical,
Cakravastia, Toha, and Nakamura (2002) selected cost and on time delivery to be
critical factors as they implied in their study that to satisfy end customers is comprised
of price and lead time. Choy et al. (2002) used the case-based reasoning (CBR) and
neural network (Kannan & Tan) approaches to evaluate and select supplier into 2 stages.
First is to retrieve potential supplier lists then benchmarking suppliers in the list to
select the best one among potential suppliers. Five criteria were considered in the final
decision. Four of them were taken from Dickson’ criteria, namely, cost, quality,
delivery, and supplier financial. Also one additional criterion, customer service, was
added other than Dickson’s. Katsikeas, Paparoidamis, and Katsikea (2004) did the
study to examine supplier performance based on buying decision criteria of cost, quality,
delivery, technical capability, procedural compliance. Also this is one of few studies

which brought criteria of warranties and claim policies back to decision model.
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It is noticed that lately, in researches on supplier selection problem, number of
critical criteria taken into account has been increasing with more complex decision
structure. For example, other than consideration of basic criteria, Gencer and Gurpinar
(2007) also considered other critical factor when developing decision model to select
supplier in an electronics company. Totally, 12 criteria from Dickson’s study had been
taken into account. Bhattacharya et al. (2010) selected 9 criteria from Dickson 23
criteria to be considered same as Xiao, Chen, and Li (2012) but different criteria were
concerned. The criteria of each study are shown in Table 2.2, as well as other researches

that are mentioned above.

Moreover, since the 21st century has been started, the concerning of green
logistics and supply chain management has been growing. Some of researchers have
brought green issue to be one of critical factor when making selecting supplier. For
example, Li and Zhao (2009), Yan (2009), Mafakheri, Breton, and Ghoniem (2011), Y.
H. Chen and Chao (2012), included greenness criteria into their decision model. Chiou
et al. (2008), compared ranking of critical criteria including green concerning among
American, Japanese and Taiwanese Electronics Industry in China. The result showed
that all 3 basic performances, cost, quality, and delivery still had importance more than
greenness of supplier. Similar to the study of Lee et al. (2009), this study implied that
buying firms preferred criteria which related to their efficiency such as cost, quality,
delivery, and technical capability rather criteria of being green supplier. However,
environmental issue has been continuously increasing its importance. Thus, a green

supplier criterion is considered as one of critical criteria in this research.

Apparently supplier selection is multi-criteria decision making. Also not only
quantitative criteria should buying firm consider but also qualitative criteria
Ghodsypour and O'Brien (1998). Selecting a suitable supplier is trading off among
those influential factors. Table 2.2 shows influential criteria on supplier selection
problem used in previous researches. It should be noted that some criteria are renamed

to match with Dickson’s criteria depending on its definition.
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From 25 papers, the summary of criteria used are shown in Table 2.3. In first

column, “D” and “+” refers to Dickson’s criteria or additional criteria besides Dickson’s.

Table 2.3 Summary of criteria frequency used

D/+ Criteria % of D/+ Criteria % of
used used
. Reputation and position
D | Quality 96 D in industry 12
D | Delivery 92 + | Relationship 12
D | Cost 84 D | Performance history 8
D Productlor_l facilities a4 D | Attitude 8
and capacity
D | Technical capability 44 D | Training aids 8
D | Financial position 28 D | Operating controls 4
D | Geographical location 28 D | Packaging ability 4
D Management and 24 D | Repair service 0
organization
+ | Service ability 24 D | Impression 0
+ | Flexibility 20 D | Labor relations record 0
+ | Green supplier 20 D | Amount of past business 0
D Communication 16 D | Reciprocal arrangements 0
system
Warranties and claim . .
D policies 12 D | Desire for business 0

D | Procedural compliance | 12

The summary of frequency used in Table 2.3 is used as the guideline to
formulate the initial set of criteria in this research. Which will be explained later in
Chapter 3.



2.2 Supplier Selection Method
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Based on research methodology, after formulating criteria has been done, the

next issue to be determined is what is the proper supplier selection method should be

used in this research. From study of De Boer et al. (2001) supplier selection processes

were classified into 4 phases as shown in Figure 2.1. First is to define the problem, what

exactly the aim of problem is and what a firm wants to achieve. Then formulate set of

critical criteria before qualifying process of suitable suppliers to obtain a set of potential

suppliers. In other words, pre-select suppliers to reduce number of possible suppliers.

Then make the final decision and select the most appropriate supplier.

Problem
formulation

A 4

Formulation of
criteria

Qualification

\ 4

Final selection

 Selection steps

Buy/not buy?
More/fewer suppliers?
Replacing current
suppliers?

Previously used criteria
available?

Figure 2.1 Decision methods in supplier selection processes
(modified from De Boer et al. (2001))

From these processes, it indicates that in there are two steps of selection, one is

pre-selection and another one is final selection. Therefore, this topic is separated into 2

sections. First section is method to pre-qualify supplier. The second one is method to

make final selection.
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2.2.1 Method of Supplier’s Pre-qualification Phase

As mention in previous paragraph, pre-qualification phase or pre-selection
phase is the process to reduce number of potential suppliers before making final
decision. So the idea of this phase is mainly classification suppliers into groups. Then
the decision maker can select group of suppliers that has highest potential than other
groups. From literature review, it is found that there are 4 decision methods dealing
with pre-selection step, i.e. categorical methods, data envelopment analysis (DEA),

cluster analysis (CA), and case based reasoning (CBR).
- Categorical Method

Categorical method is a method to evaluate supplier’s performance by
categorical judging from decision maker. The buying firm evaluates each alternate
supplier’s performance on each criteria as either, good (positive), moderate (neutral) or
inefficient (negative), then summarize the overall rating (Timmerman, 1986). The
shortcoming of this method is all criteria are assumed to have same important weight

that is reflect to real decision making.
- Cluster Analysis (CA)

The next method is cluster analysis (CA). CA is the statistical classification
technique to divide data into groups or clusters. A research by Holt (1998) applied this
approach to supplier selection problem. In supplier selection problem, data is the whole
list of suppliers. By classifying suppliers based on their performance, all suppliers are
allowed to be separated into groups or clusters. The variance of performance within
clusters is small or homogeneous but variance between clusters is large or
heterogeneous. Generally we can say that suppliers in the same cluster have similar
performance whereas suppliers in different clusters have different performance. Then,
buying firm is able to select cluster or group of supplier which has higher performance
compared with other groups to be potential suppliers. Therefore, the numbers of

potential suppliers are reduced. This method is well pre-qualifying suppliers.
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- Data Envelopment Analysis (DEA)

One of the well-known methods to pre-select suppliers is data envelopment
analysis (DEA). DEA is the technique used to compare performance efficiency of
decision making units (DMUs) developed by Charnes et al. (1978). In DEA technique,
all DMUs are evaluated its output efficiency based on its input and classified into two
groups which judging by efficiency score of each. The maximum efficiency score is
equal to one, and the DMUs with maximum efficiency score is call efficient DMUs.
Another one is considered as inefficient DMUs which have efficiency score less than

one.

For supplier selection problem, each DMU refers to each supplier. Applying
this technique, buying firms are able to distinguish between potential suppliers and
incompetent suppliers that are efficient suppliers and inefficient suppliers, respectively.
There are several researches applying DEA to supplier selection problem. For example,
Weber and Desai (1996), based on three criteria of price (i.e. cost), quality, and delivery,
the authors applied DEA to measure supplier’s performance and efficiency. In this
study, there are totally six suppliers to evaluate. One of the benefit of DEA is this
technique is not only be able to evaluate the performance of each supplier but also helps
inefficient vendors to perceive their own relative performances benchmark with
efficient suppliers (Weber, 1996). Other studies of DEA in supplier selection can be
seen in Jian, Fong - Yuen, and Vinod (2000), Toloo and Nalchigar (2011) and Dobos

and Vorosmarty (2014).
- Case Base Reasoning (CBR)

The last method used for supplier pre-selection phase is case based reasoning
(CBR). Choy et al. (2002) applied this method on supplier pre-qualification stage to
regain list of candidate suppliers before benchmarking candidate suppliers and finalize
who should be selected by using neural network engine (NNE). This method is used
artificial intelligence (Al) technique to solve the problem by using previous similar
situations, information, and knowledge in a huge database. But the shortcoming of this

method is it requires enormous database.



19

2.2.2 Method of Supplier’s Final Decision Phase

The final decision phase is the stage to select the most suitable supplier. This
stage can be done either after finishing pre-quality stage or after getting the whole list
of suppliers, i.e. supplier pre-qualification is omitted. There are several methods to

make final choice in supplier selection problem as follows:
- Mathematical Optimization

In this approach, the decision makers formulate mathematical model based on
the set of constraints to optimize objective function which could be maximization (e.g.
maximizing profit) or minimization (e.g. minimizing cost or lead time of purchasing).
This method could be more objective and quantitative than rating method De Boer et
al. (2001). Weber and Current (1993) proposed multi objective optimization model for
vendor selection. Three objectives were included in their model, which are to minimize
purchasing price (i.e. cost criteria), to minimize late deliver by vendor (i.e. delivery
criteria), and to minimize rejected units (i.e. quality criteria). In the study of
Ghodsypour and O’Brien (2001), not only considering net price of purchasing but this
paper also proposed to select supplier with the objective of minimizing total cost of
logistics, that are, net price, ordering cost, transportation cost and holding cost. Liao
and Rittscher (2007) stated that flexibility provided by suppliers to arrange their
processes and conditions is important. Therefore with multi objectives comprised of
cost minimization, quality rejection rate minimization, late delivery minimization and
flexibility maximization, together with constraints of customer demand, supplier’s

capacity the authors formulated model to select supplier.

There are some researcher combines mathematical optimization methods with
other approaches, for example, Mafakheri et al. (2011). In this paper, two types of cost,
purchasing cost and inventory holding cost which related to quantities ordered, were
considered as objective functions. Considering time varying of purchasing cost and

inventory holding cost, dynamic function of those bi-objectives were formulated.

However, the characteristics of supplier selection problem are hard to formulate

mathematical model Weber and Current (1993). So the great disadvantage of this
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technique is with the greater number of variables of factors, the more complex and

harder to solve the problem.
- Artificial Intelligence (Al) and Neural Network (Kannan & Tan)

Artificial Intelligence (Al) is computer science to simulate human intelligence
by training computers to understand human’s intellect to compute or to solve the
problem in terms of achieving the goal. It is like imitating human reaction based on
historical data or previous experience. One of method based on Al that researchers used
to solve supplier selection problem is neural network (Kannan & Tan). In NN method,
it is not necessary to formalize the process of decision making and this is well reflect
to real situation as NN can cope with uncertainty and complication De Boer etal. (2001).
Albino and Garavelli (1998) propose NN to evaluate subcontractors in construction
firms. With set of input parameter, i.e. selection criteria, the network is trained by the
examples of training set. Once the training process is done, the network is tested
accuracy. Finally by giving a real data set of competitors, i.e. potential suppliers, the
network can evaluate potential suppliers and provide final competitor rating to decision

maker.

Choy et al. (2002) applied CBR technique and NN to select and benchmark
suppliers for case study of consumer product companies in Hong Kong. Case base
reasoning technique is used in pre-selection stage as mentioned in previous section, and
then NN is used to finalize the decision. Another study that presented NN approach to
supplier selection problem is done by Aksoy and Oztiirk (2011). To overcome the
drawback of traditional selection and evaluation approaches, that are the complexity of
decision process with multiple attributes and the uncertainties, the authors introduced
NN approach to support supplier selection process focusing on just-in-time (JIT)
manufacturers based on four criteria, which are quality, delivery, location of supplier,
and price. As stated earlier, the advantage of NN is this approach does not need decision
making process formulation and well handle uncertain and complicated situation.
However, NN requires enormous database. Also the process between input and output

layer is like a black box and hard to trained the network.
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- Multi Criteria Decision Making (MCDM) Technique

It is no doubt that supplier selection is multi-criteria decision making problem.
Many MCDM techniques have been used to tackle with this decision problem. For
example, analytic hierarchy process (AHP), analytic network process (Eshtehardian,

Ghodousi, & Bejanpour), and fuzzy theory.

In AHP and ANP approaches, all criteria are weighed and alternatives are
ranked based on pairwise comparison. These approaches are able to deal with both of
quantitative and qualitative criteria and simplify complex problem into hierarchical
form. For example, Ghodsypour and O'Brien (1998) applied AHP technique to
determine important weight of criteria as well as overall score of alternate suppliers. Li
and Zhao (2009) used AHP to select the most suitable for automotive industry. Similar
to Chen and Wu’s study in 2013, but this research applied AHP technique to select
supplier for semiconductor manufacturer. Although AHP is a well-known method but
it has some shortcoming as in AHP, the relationship among criteria are ignored and
assumed to be independent. Consequently, some researchers try to overcome this
shortcoming by applying ANP approach, for example, the study of Gencer and
Gurpinar (2007) and Xiao et al. (2012).

In traditional AHP and ANP, the decision makers make pairwise comparison by
giving the exact number of preference but in reality, human preference is hard to attain.
For this reason, fuzzy theory has brought into MCDM technique. Chiou et al. (2008)
proposed fuzzy analytic hierarchy process (FAHP) for case study of overseas
electronics industry in China. After collecting pairwise comparisons from decision
maker, the result are transformed in to fuzzy number using triangular fuzzy number.
Lee et al. (2009) also applied fuzzy set theory using fuzzy extended AHP (FEAHP)
which is the method carried out by triangular fuzzy numbers then uses extend analysis
method to determine value of pairwise comparison. This research is applied on the case
study of LCD industry in Taiwan. Fuzzy theory is not only applied on AHP but also
ANP as well. Dargi, Anjomshoae, Galankashi, Memari, and Tap (2014) used fuzzy
ANP (FANP) to determine the important weight of criteria and applied this method on
the case study of Iranian automotive company.



22

- Hybrid method

To develop the better accurate method dealing with supplier selection problem,
some researches combine more than one approach together. Ghodsypour and O'Brien
(1998) combined AHP and linear programming (LP) on two-stage supplier selection
problem. First AHP was used to determine rating of each alternate supplier. Then, LP
optimization was used to find the best supplier and its order quantity aimed to maximize
total value of purchasing. Yan (2009) implemented hybrid method combining AHP and
genetic algorithm (GA) to better calculate weight score and rank the alternate suppliers.
Bhattacharya et al. (2010) conducted a research by combining AHP and quality function
deployment (QFD). QFD is the tool to let a firm knows customer’s needs and
expectation, i.e. voice of customer. Firstly, all criteria are classified into 2 groups. One
is criteria related to customer requirement, such as delivery, quality, etc. Another group
is criteria related to engineering requirement, such as company’s infrastructure and
facility. After developing QFD matrix, important weights of criteria obtain from QFD
matrix are used as the pairwise comparison to calculate utility value (priority vector in
AHP). Then a decision maker can rank the alternate suppliers and select the most

suitable one.

Furthermore, there are other hybrid methods, for example, the combination of
DEA, decision tree and NN presented by Wu (2009)

- Other methods

In addition above approaches, there are other methods proposed by researchers.
For example, Verma and Pullman (1998) explored important level of supplier selection
criteria, cost, quality, delivery, and flexibility by surveying using linker scale
questionnaire. Then used discrete choice regression analysis to acquire weight (i.e.

regression coefficient).
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Technique

Methodology

Authors

Pre-qualification phase

technique to solve the problem by inputting
database of previous similar situations,

information, and knowledge.

Categorical It uses categorical judging from decision Timmerman (1986)

method maker for evaluating each alternate
supplier’s performance on each criterion,
and then summarizes the overall rating.

CA CA is statistical classification technique to Holt (1998)
suppliers into groups or clusters, aiming to
reduce the number of potential suppliers.

DEA It is mathematical programming technique to | Weber (1996), (Weber &
evaluate performance efficiency of suppliers | Desai, 1996) Jian et al.
based on its multiple inputs and multiple (2000), Toloo and
outputs and classified into two groups, Nalchigar (2011), Dobos
sufficient and insufficient suppliers. and VVordsmarty (2014).

CBR CBR uses artificial intelligence (Al) Choy et al. (2002)

Final decision phase

Al & NN

It is computer science to simulate human
intelligence by training computers to
understand human’s intellect to compute or
to solve the problem in terms of achieving

the goal but it needs a huge database.

Albino & Garavelli
(1998), Choyetal.
(2002), Aksoy and
Ozturk (2011)

Optimization

This method is based on mathematical
programming to optimize result which
including single objective or multi-objective.
The disadvantage of this technique is with
the greater number of variables of factors,
the more complex and harder to solve the

problem.

Weber and Current
(1993), Liao and
Rittscher (2007),
Mafakheri et al. (2011).
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Technique Methodology Authors
Final decision phase
MCDM MCDM techniques are the techniques to Ghodsypour & O’brien
techniques help decision maker to make decision based | (1996), Gencer &
on multiple criteria with different weight Gurpina (2007), Chiou et
importance. al. (2008), Lee et al.

(2009), Li & Zhao
(2009), Xiao et al.
(2012), Chen & Wu
(2013), Dargi et al.

(2014)

Hybrid method It is the combination of more-than-one Ghodsypour & O’brien
approach to solve problem of supplier (1998). Yan (2009),
selection to gain better efficiency. Bhattacharya et al.

(2010), Wu (2009).

Others For example, regression analysis Verma & Pullman

(1998)

2.2.3 Selection Method Comparison

As mention earlier that there are 2 decision phases in supplier selection, which
are, pre-qualification phase and final decision phase. From literature review, it is found
that some methods are well used in decision phase of pre-qualification which is the
decision to distinguish between potential suppliers and non-potential suppliers. But
among potential suppliers, it is necessary to use other method in order to decide of who
is the most suitable suppliers. The pros and the cons of each method are summarized

and shown in Table 2.5 and Figure 2.2.
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From pros and cons of each method summarized in Table 2.5, the comparison

is illustrated in Figure 2.2. The comparison is based on 2 dimensions. First dimension

is decision phase. This research is aimed to develop decision matrix to select the most

proper suitable supplier, therefore only methods able to deal with final decision can be

selected. The second dimension is criteria type. Some methods well-deals with either

quantitative or qualitative criteria. But the set of criteria in this research comprises of

both qualitative and quantitative criteria, therefore the possible methods are AHP, ANP,

Fuzzy theory, and NN. But to simplify method but still consider dependency among

criteria, this research will use ANP as being selection method.
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2.3 Analytic Hierarchy Process (AHP) and Analytic Network Process

As explained in the previous section, ANP is selected as a tool to determine
weight of criteria on supplier selection problem. Therefore, this section explains about
the principle and fundamental concept of this approach. ANP approach is built on the
concept of AHP method to fill the limitation of traditional AHP that criteria are assumed
to be independent. To explain about ANP, it is necessary to explain about AHP first.
Therefore, literature review in this topic is separated into two parts. First is about AHP,

and the next part is about ANP.

2.3.1 Analytic Hierarchy Process (AHP)

In multiple criteria decision making (MCDM) problem, there are many
approaches to deal with this kind of problem. One of the most widely used approach is
AHP which is the method introduced by Saaty in 1980. AHP is a useful method helping
decision maker to prioritize alternatives or potential suppliers with multiple criteria.
The core of AHP approach is hierarchical decision model structuring. Starting with the
objective (i.e. goal) as the first or top level, based on multiple criteria in lower level
which can separate into sub-criteria if needed, and alternatives at the bottom level, as
shown in Figure 2.3.

Goal

_—

Criterion Criterion Criterion Criterion

v

Alternative 1 Alternative 2 Alternative 2

Figure 2.3 AHP hierarchical decision model
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The basic concept of AHP is to obtain important weight of each criteria, then

calculate score of each alternative based on all criteria and rank the alternatives. The

comparison of importance among criteria and preference among alternatives uses

pairwise comparison. The steps of AHP can summarized into 5 steps as follows:

1. Construct the decision hierarchy model (i.e. decision tree). After identifying

goal of problem at the top level, affecting factor or criteria must be

determined. Then construct the hierarchical decision structure.

2. Make pairwise comparisons of criteria and alternatives in the same level.

3. Check the consistency of pairwise judgment and re-do step 2 if needed (i.e.

consistency ratio: CR is greater than acceptable interval).

4. Convert result from pairwise comparisons into important weights.

5. Calculate total score of each alternative and rank the alternatives.

To make pairwise comparisons, the decision maker is required to give

preference number to compare between two items. Normally, the scale of preference

(i.e. intensity of importance) is rated from 1 to 9. The definitions of all numbers are

shown in Table 2.6.

Table 2.6 The fundamental scale for pairwise comparisons (Saaty, 1980, 2008)

Intensity of INI( .
Definition Explanation
Importance
1 Equal importance Two factors contribute equally to the goal
2 Weak or slight
. The decision maker slightly prefer one
3 Moderate importance
factor to another
4 Moderate plus
) The decision maker strongly prefer one
5 Strong importance
factor to another
6 Strong plus
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Intensity of o .
Definition Explanation
Importance
The decision maker very strongly prefer
Very strong or demonstrated ) ]
7 ] one factor to another; its dominance
importance . )
demonstrated in practice
8 Very, very strong
The evidence favoring one factor over
9 Extreme importance another is of the highest possible order of

affirmation

When compare factor A with

] B, if above number is
Reciprocals of ) )
assigned, then the reciprocal
above o
value is given when compare

B with A

From the decision model structure in Figure 2.3, we can construct pairwise

matrix of criteria as shown in Table 2.7.

Table 2.7 Example of pairwise matrix

Criteria 1 Criteria 2 Criteria 3 Criteria 4
Criteria 1 1 2 5 2
Criteria 2 1/2 1 4 12
Criteria 3 1/5 1/4 1 1/4
Criteria 4 1/2 2 4 1

After pairwise comparisons are done, the consistency must be checked before
calculating important weights as well as alternative scores. Then the consistency of
pairwise judgement is investigated. This can be judged by consistency ration (CR)

which is computed by following equation:

CR=— 2.1)

Cl = Zmax "7 2.2)
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Where CR is consistency ratio
Cl is consistency index
RI  is random consistency index

Awax 1S largest eigen value

max
n is number of elements in pairwise matrix

(i.e. size of matrix)

From equation 2.1, CR is the ration between Cl and RI. RI represents average
consistency index obtained from randomly generated pairwise matrices of various size
of matrix. Normally we accept that inconsistency should be not greater than 10%. In
other words, the value of CI should be smaller or equal to 0.1. If CR of each pairwise
matrix is acceptable, then the results are transformed into important weights and the
total score of each alternative is calculated. The RI of various sizes of matrices is shown
in Table 2.8.

Table 2.8 Random consistency index of various size of pairwise matrix

n RI n RI n RI

1 0 6 1.25 11 151
2 0 7 1.35 12 1.54
3 0.52 8 1.4 13 1.56
4 0.89 9 1.45 14 1.57
5 111 10 1.49 15 1.58

2.3.2 Analytic Network Process

Although AHP is well-know and widely used among researchers but it seems
to have a shortcoming that it cannot well reflect real case. In AHP we assumed that
criteria are independent that is to say, no effect of one criterion on other criterion. But
in real case, criteria are always have interrelation. For example, in supplier selection
problem with cost and quality criteria. Obviously, buying firms prefer low cost and high
quality but with lower cost, buying firm may accept lower quality if its quality still be

acceptable. This implies that it may have interaction between clusters as well as
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interaction between elements from different level. Thus, it is impossible to construct
decision model in hierarchical structure. To overcome this shortcoming, decision model
is construct and represented by network instead of hierarchical structure. This decision
model is call analytical network or we could say that it is AHP with the assumption of
criteria dependence between cluster and elements was developed, namely, analytic
network process (Eshtehardian et al.) (Saaty, 1999).

From the network in Figure 2.4, criteria C> has dependence on C1, C3 and Ca.
C4 has dependence on Cy and Cs, or it is easy to say that there are relationship between
C1 and Cs4, and between C3z and Ca. Also, on the other hand, Cs has dependence on Ca.
The loop arrow of each cluster represent the dependence among elements in that cluster.
To make pairwise comparisons among these criteria, the network supermatrix as shown

in Figure 2.5 is constructed.

In Figure 2.5, C; represents cluster i and ej; represents element j in cluster i. For
example, e1. represent element 2 in cluster 1. And wijk represents weight component of
element j in cluster i on j" column. Finally, the result is transformed into important

weight of criteria.

Goal Goal C, '/\
00
\4
Criteria C1C2CsCy C, / Cs ¢
|:> 000 | 00
A\ 4 <
Sub-criteria 000 R
Cs
v 0000
Alternative 000 W,
Hierarchical decision Network

Figure 2.4 Transformation of hierarchical decision structure to network structure
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Figure 2.5 Supermatrix of a network

2.4 Performance Evaluating
2.4.1 Skewness Impact uncertainty in Supplier Performance

In statistics, the index providing information of quantitative measurement which
is call moments. The first moment is the measurement of the location of central
tendency. This moment is denoted by mean or average value. The second moment is
the measurement of variability or the width around the first moment. This moment gives
information of distribution spreading which is measured by variance or standard
deviation. The third moment is the measurement which provides information of shape

distribution. This moment is called skewness.

To apply above concept into supplier selection problem, supposed that we have
a set of random variable X, a probability distribution of this random variable can be
expressed in terms of moments of the distribution. As explanation in previous paragraph,
there are several levels of moment. First moment represents mean or the expected value

of X. The second moment is variance of X. The third and the forth moments are
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skewness (i.e., measuring symmetry of probability distribution) and kurtosis (i.e.,
measuring flatness), respectively (Gujarati, 2003).
Supposed that random variable X representing supplier’s performance. Then the

expected value of supplier’s performance, X, is expressed as E(X). Then the mean,

variance and skewness of supplier’s performance are defined as follows:

Mean; u=E(X) (1)
Variance; o, = E(X — p)? (2)
Skewness; S, =E(X — )’ (3)

Where E(X) is expected value of supplier’s performance
7 is average of supplier’s performance
Oy is variance of supplier’s performance

Sy is skewness of supplier’s performance

For example, A company needs to buy raw materials from supplier and 2
options are available, which is buying from supplier A and buying from supplier B.

Supposed that buyer merely concerns on lead time. The historical lead time of both

suppliers are shown in following graphs.
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Supplier B
e Average LT =15 days
e Max LT =18 days
e MinLT =12 days
e Mode =14 days
10
1 2 3 4 5 6 7 8 9 10

Both of supplier A and B have equal average lead time of 15 days. Also there
performance dispersions are approximately equal as their range are 6 days for both of
them. If the decision maker select by judging from average performance and stability,
it may be said that both of them have equal performance. But most likely, supplier A
provides longer lead time than average as its mode is greater than average at about 17
days. In contrary, most likely supplier B can provide shorter lead time than average, as
its mode is equal 14 days. Therefore, actually supplier B is performance better than
supplier A, although their average lead time and standard deviation are equal. In this
case, it suggests that their performance are not symmetrical shape. Performance of
supplier A is skewed to right (greater than average) while performance of supplier B is
skewed to the left (lower than average). The issue to be considered is if buyers should

consider skewness when evaluate suppliers’ performance.
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2.4.2 Mean-Variance-Skewness Performance Evaluations

In financial and economic research, there is a problem of portfolio selection
which the investor should make decision to select the optimal portfolio considering
uncertainties in term of risk aversion. In process of selection, not only expected return
should be considered because the portfolio with greatest expected return does not mean
the most suitable one. That is to say the portfolio with the best expected return is not
necessarily having minimum variance (Markowitz, 1952). Therefore, variance has been
used widely for risk measure (Huang, 2012). To evaluate or measure portfolio
performance, there are many researches on portfolio performance evaluation based on
mean-variance-skewness framework. At the beginning, the researchers evaluate
portfolio based on mean and variance and ignored skewness. The mean-variance model
is introduced by Markowitz in 1952. Supposed that there are n possible choice of
portfolio denoted by X1, Xo,...,Xn. Let E; is the expected return that the investors could
get from each portfolio and Vi is the variance of each alternative. Figure 2.5 shows all
set of (E, V) from all possible choices of portfolio. Each point represents expected
return (mean) and risk (variance) of each portfolio. The border of the surface is called
efficient surface or efficient frontier. The investors should select portfolios which fall
on the border as they are denoted as efficient combinations. Additionally, based on
mean-variance theory, the investors should select portfolios which give maximum
expected return (E) for given variance (V) or less or those with minimum variance for

given expected return (E) or more.

From explanation in previous paragraph, it is clearly that decision making in
portfolio selection is trade-off between return (mean) and risk (variance) for all
portfolio which fall on efficient frontier. Mean-variance model is extensively applied
by many researchers, for example, Fletcher (1994), Chiu and Wong (2011), Castellano
and Cerqueti (2014).
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Figure 2.6 Combination of mean-variance of possible choice
(modified from Markowitz (1952))

Even though there are a vast study used mean-variance theory, but afterward,
researchers found that the third moment should not be ignored then skewness was
included to evaluate performance. Joro and Na (2006) developed portfolio performance
measurement based on mean-variance-skewness framework and compare the efficiency
obtained from both of mean-variance model and mean-variance-skewness. The results
prove that the efficiency obtained from mean-variance-skewness is approximately or
better than evaluating efficiency based on merely mean and variance.

The objective of supplier selection problem is similar to portfolio selection. In
portfolio selection, the investors should select portfolios which have optimum return,
while in supplier selection problem, buying firm choose supplier which have best
performance. Therefore, the concept of mean-variance-skewness could be applied to

evaluate supplier’s performance before making a choice.
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Mostly, supplier can offer lower price than expected

Expected price (mean)

(a) Cost performance which skewed to the right (i.e., positive skew)

Mostly, supplier can better deliver products

Expected on-time delivery
performance (mean)

(b) On-time delivery performance which skewed to the left (i.e., negative skew)

Figure 2.7 Example of performance skewness

Generally, when selecting supplier, buying firm should select the one which
have high expected performance (i.e., mean) and low risk (i.e., variance). But for
skewness, it depends on types of performance. For a supplier whose performance has
no skewness does not point out that it is good supplier. For instance, and showing in

Figure 2.7, if we focus on performance of cost criteria, literally supplier’s price could
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be fluctuated for a period of time. Assuredly, buyers prefer right-skewed price to either
left-skewed or symmetrical price distribution. Similarly but conversely, if we focus on
performance of on-time delivery, buyers would be satisfied if supplier can deliver
products within shorter period than expectation. In this case, buyers prefer left-skewed

performance.

2.5 FMEA Concept

FMEA stands for Failure Mode Effects Analysis. It is first published in 1960 by
the US Armed Forces Military Procedures (Dagsuyu, Gogmen, Narli, & Kokangiil,
2016) . It is the approach used for identifying potential failures in the design process of
product and process (Almannai, Greenough, & Kay, 2008; L.-H. Chen & Ko, 2009; P.-
S. Chen & Wu, 2013; Ekmekgioglu & Kutlu, 2012) . It is normally used to predict what
might go wrong with product or process so it is able to find cause of failure in order to
prevent failures to occur and quickly respond to such kind of situation. This tools is
widely used in manufacturing. In FMEA, the function or the causes of failure are
identified first, then risk priority number (RPN) of each cause is calculated based on

three factors as shown in equation below:

RPN =SxOxD (2.3)

Where RPN is risk priority number
S isseverity
O isoccurrence
D s detectability

All 3 combinations will be rated with number scale from 1 to 10. The meaning

of each combination is explained in the following part:

- Severity represents the degree of damage or loss of the worst possible
consequence of a failure that could occur. The scale 1 represents low damage or

insignificant damage, where 10 represents very high damage or loss could occur.

- Occurrence represents the likelihood of the cause of failure could occur. The

scale 1 represents the small chance of cause of failure to occur, in other words, that
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cause of failure is not likely to occur. And scale 10 represents the inevitable cause of

failure.

- Detectability refers to how well the cause of failure is detected. The scale 1
means the problem is easily to be detected while 10 means the cause of failure is not be

able to detect.

After RPN of all cause of problem are calculated, then all causes are ranked
based on RPN. Higher RPN denotes greater chance of failure. Therefore, the critical

causes can be selected and improved in order to earn higher efficiency.

In supplier selection problem. P.-S. Chen and Wu (2013) did a research which
applied FMEA approach to select supplier from risk aspect. In this research after
researchers identified set of criteria and important weight by using AHP technique, then
the modified failure mode effects analysis (MFMEA) was conducted. The potential
failure mode of each criteria were identified. After that, the level of each combination
in FMEA were determined but the researchers used only 4 scale ratings rather than
ordinary scale from 1 to 10. For example, scales of severity of cost criteria and quality

criteria are shown below:

1-Remote Cost: supplier offers cheap price

Quality: suppliers offers few defects

2: Low Cost: supplier offers middle price

Quality: suppliers offers some defects

3: Moderate Cost: supplier offers high price

Quiality: suppliers offers many defects

4: High Cost: supplier offers expensive price
Quality: supplier offers abundant defects
Then, the RPN was calculated. Then the result of RPN and important weight of
each sub-criterion are multiplied together in order to calculate total weight RPN. The
steps of MFMEA method is shown in Figure 2.8.
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Determine important weight of each criteria

Set scale of combination of S, O, D

\4

Rate level of combination

l

Calculate RPN
RPN=SxOxD

A 4

Calculate Weight RPN of each criterion
Weight RPN = weight x RPN

Figure 2.8 Steps of MFMEA method for supplier selection

Table 2.9 presents the example of calculating weight RPN in order to select the
best supplier. Assuming that there are 2 main criteria (A-B) with totally 5 sub-criteria
(Al-B3). After obtaining important weight from AHP approach, then S, O and D of
each sub-criteria are evaluated in order to calculate RPN of each sub-criterion. As seen
in Table 2.9, the total weight RPN of this supplier is 5.25. By this same steps, the total

weight RPN of other potential suppliers could be calculated.



Table 2.9 Calculating weight RPN using MFMEA approach
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Supplier A
Mair} S‘ub—. Weigh Risk assessment - Weight
criteria | criteria S @] D RPN
A Al 0.1 1 1 1 1 0.1
A2 0.2 2 2 1 4 0.8
B Bl 0.15 2 1 1 2 0.3
B2 0.3 3 2 1 6 1.8
B3 0.25 1 3 3 9 2.25
Total 5.25
Supplier A
clzltaelrlila crsiltl:r_ia il S R'Skgssessm;nt RPN v}]{el;%\?t
A Al 0.1 2 2 1 4 0.4
A2 0.2 1 2 3 6 1.2
B Bl 0.15 2 2 1 4 0.6
B2 0.3 3 3 1 9 2.7
B3 0.25 2 4 2 16 4
Total 8.9

Supplier with lower weight RPN means suppliers with less risk to purchase from.
From Table 2.9, there are 2 potential suppliers, A and B. To compare between these 2
suppliers, buyer should select supplier A as its total weight RPN is less than B which
means purchasing from supplier A has lowest risk than supplier B. Therefore, by using
MFMEA to select supplier, buyer will be able to select the most proper supplier who

has lowest potential failure.

Applying FMEA concepts to supplier selection is the selection to avoid
possibility to be failure of supplier. In other words to avoid suppliers who perform
worse than expected. If the measurement of potential failures can be applied on supplier
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selection problem, measurement of possibility to be success should be able to apply on

supplier selection.

2.6 Research Gap

From literature review, some research gaps are found as described in following
section:

1. Even though evaluation method based on mean-variance-skewness (M-V-S)
has been using in portfolio selection problem, but in logistics research, no one ever

applied this concept on supplier selection problem.

2. There is a small number of research exploring the importance and the effect
of skewness. And none of research including skewness effect on supplier selection field

is existed.

Therefore, this research aims to study the importance of skewnss in supplier
performance and develop decision matrix to valuate supplier performance by measuring
the possibility to be success which comprises of 3 combinations, which are, mean,

standard deviation, and skewness.
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CHAPTER 3
METHODOLOGY

This chapter first explains about the methodology. Then, the initial set of criteria
is shown along with ANP model. Questionnaire design are proposed. The data

collecting and target group are discussed.

3.1 Research Framework and Research Methodology

To response to research questions and objectives, this research can separated
into two parts as shown in Figure 3.1. First part is to identify critical criteria as well as
its important weight of buyer’s decision. Since supplier selection criteria have effect on
each other (Eshtehardian et al., 2013). In other words, the criteria are interrelated.
Therefore, in this part, the preference of criteria is compared and analyze by using ANP
technique. The second part is evaluating performance of potential suppliers by
evaluating mean, variance and skewness of performance. Then combine the results

from both parts to make a final decision who is the best supplier among those potential

suppliers.

Part I: Part II:

Criteria Performance

determination and Evaluating
. 5| Selected

Criteria | Weighting Weighted supplier

criteria >

! ANP MVS

Figure 3.1 Research framework

According to achieve the objectives of this research, there are several steps as

shown in Figure 3.2.
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Literature review

Criteria Formulation

y

Building questionnaire

v

Collecting data

: !

Construct pairwise comparison Performance evaluation by
matrix MVS framework
v
Check if

CR <01 Analyze impact of skewness

A 4

Compared with research

Calculate criteria important .
questions

weight

v

Develop decision matrices

Figure 3.2 Research methodology

3.2 Criteria Formulation

Obviously, supplier selection problem is multi criteria decision problem which
consists of quantitative and qualitative criteria (Cengiz, Aytekin, Ozdemir, Kusan, &

Cabuk, 2017). Therefore, one of research questions is, for Thailand industry, what are
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the criteria of supplier selection that buying firms concern. At first, critical criteria are
gathered from literature review of previous studies based on Dickson’s criteria in 1966.
Then 25 literatures are studied in order to extract influential criteria and shown in Table
2.2 in chapter 2. Totally, it has 27 criteria including Dickson’s criteria and additional
criteria from previous studies. From summary of frequency used of criteria, most
widely used criteria are selected. Cutoff point between possibly impossibly influential
criteria in this research is 12% of used. From Table 2.2 in chapter 2, there are 16 criteria

which have at least 12% of used as shown in Table 3.1.

Table 3.1 Criteria with % of used greater than 12%

Criteria type Criteria % of used
Dynamic Quality 96
Delivery 92
Cost 84
Production facilities and capacity 44
Technical capability 44
Service ability 24
Flexibility 20
Green supplier 20
Procedural compliance 12
Relationship 12
Static Financial position 28
Geographical location 28
Management and organization 24
Communication system 16
Warranties and claim policies 12
Reputation and position in industry 12
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To retrieve the final set of criteria, first, criteria are classified into 2 types. First
is dynamic criteria which means criteria that it performance changes all the time.
Another type is static criteria which means criteria with constant performance or criteria
which hardly fluctuated all the time, for example, geographical location. Location
problem is the decision in strategic level. Once the location is selected and facility is
established, it will be used for a long period. Performance of this criteria cannot change
easily, therefore, it is classified as static criteria. This research intends to study

uncertainty in supplier selection, therefore, only dynamic criteria are considered.

Also criteria which have similar characteristics are combined together. The first
pair is production facilities and capacity, and flexibility. Based on their definition,
production facilities and capacity refers to being responsive in terms of order quantity
changing from customer, while flexibility refers to being responsive, not only for order
quantity changing but also changing of design, process or product specification. Both
of them have similarity in characteristics of being responsive. Therefore these 2 criteria
are combined together and renamed as capacity and flexibility in order to reduce the
number of criteria. Another pair is combining between service ability and relationship.
Both of them have similarity of well collaboration from suppliers. Therefore, these 2
criteria are combined together and renamed as collaborative development.

From all of dynamic criteria, they are classified into 5 groups, which are, cost,
delivery, quality, green supplier, and others which comprises of the left criteria as

shown in Figure 3.3.

Cost Delivery Quality

Green supplier Others

o Capacity and flexibility

e Technical capability

e Collaborative
development

Figure 3.3 Main criteria
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After main criteria are set, each main criteria are divided into sub-criteria in
order to evaluate supplier performance in deeper details. Figure 3.4 illustrates all main

criteria as well as sub criteria in each main group.

Cost Delivery Quality
*Price Lead time «Product quality and
«Other cost -On-time delivery reliability

«Continuous
improvement ability

Supplier condition &

relationship Green supplier Supplier risk
«Capacity and flexibility *Green manufacturing *Natural risk
*Technical capability process *Human risk
« Collaborative «Green product and
development design

Figure 3.4 Criteria grouping

Totally there are 6 main criteria with 13 sub-criteria in this research. The

following parts explain each critical criterion and its definition.

1) Cost: One of the most important criteria for supplier selection is cost which
means the overall expense spending to receive product from supplier. It has 2 sub-
criteria:

- Price which means the total price offered from supplier.

- Other cost which means the additional cost other than product price, such as

transportation cost, operating cost.

2) Delivery: This criterion means ability of supplier to provide product to
buyer or manufacturer. In nowadays business environment which tends to compete with
rivals by improving ability to be able to meet customer demands in shorter time,
especially in electronics industry, supplier delivery performance has much effect to

manufacturer’s performance. It has 2 sub-criteria:
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- Lead time which means the time period used between when placing order to
supplier until receiving.

- On-time delivery means the delivery performance of supplier to fulfill
ordered quantity to manufacturer in the expected time by customer.

3) Quality:  Together with cost and delivery, one of the basic supplier’s
requirements is quality of product as well as reliability. This main criterion has 2 sub-
criteria:

- Product quality and reliability means the quality of product which meets
buying firm’s specification and supplier reliability and consistency of
product quality. The performance of this criterion can be measured by return
rate.

- Continuous improvement ability, this sub-criterion is about effort and ability

of supplier to increase performance for the future.

4) Supplier condition and relationship: ~ This is a criterion related to
supplier’s current condition affecting to buyer or manufacturer and relationship
between buying firm and supplier which included 4 sub-criteria:

- Capacity and flexibility means ability to produce order from buyer with big
quantity and responsiveness to changing or additional requirement from
buyer, such as product specification, quantity and procedure.

- Technical capability is the technological proficiency of supplier, not only the
current one but also the potential of future technological research and
development (R&D) both of product design and production process.

- Collaborative development is the cooperation from supplier and buying firm
to improve their capability and efficiency in terms of product development

and process development.

5) Green supplier: Nowadays environmental awareness has been growing.
Therefore, one of the main criteria to select supplier is green supplier which is the
consideration of supplier on environment. It is comprises of 2 sub-criteria:

- Green manufacturing process is the awareness and ability of supplier to lower

consumption of resource and reduce impact on environment in production

process.
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- Green product and design is the ability of supplier to design and develop
environmentally-friendly product. For example, use less hazardous material

or recyclable material.

6) Supplier risk: Once a buying firm already makes a decision, there is a
possibility that supplier performance would not be as expected. Thus this research adds
supplier risk to be one of the main criteria which divided into 2 sub-criteria:

- Natural risk is related to possibility of lower expected performance caused

from natural events.

- Human risk is related to possibility of lower expected performance caused

from human.

After initial set of criteria has been formulated, the next step is confirming the
propriety of criteria. Surveying questionnaire asking to confirm and judge the suitability
of each criterion is constructed and distributed to companies in Thai electronics industry
to confirm appropriateness of the set of initial criteria (see Appendix A). The
respondents are purchasing and procurement manager with at least 15 years of
experience. Questionnaire were sent to 20 respondents and 13 questionnaires were
received with 65% response rate. The result of pre-screening set of criteria is shown in
Table 3.2. Number 1 represents agreement of respondent on suitability of criterion
while number O represents vice versa that criterion does not affect to supplier selection.
Each criterion will be remained as final set of criteria if more than half of respondents

are agreed with that criteria.

The result in Table 3.2 shows that 7 from 13 respondents or 53.85% are
completely agreed with initial set of criteria. Eight sub-criteria has 100% of agreement
which means these criteria are agreed by all respondents. Some sub-criteria has low
percent of agreement compared with criteria with 100% of agreement, for example,
natural risk within main criteria of supplier risk, has 69.23% of agreement. But it is in
the range of acceptable (9 from 13 respondents are agreed with this criteria). Hence, all

set of criteria are still remained.
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Table 3.2 Result of pre-screening set of criteria

Main Sub-criteria %
Criteria Respondent agree-
ment
1 2 3 4 5 6 7 8 9 10 | 11 | 12 | 13
Cost Price 12121212221 ]2l1]1]| 100
Othercost |1 |11 |21 |22 ]2]2|2]2|2|1|1] 100
Delivery || oad time 111|222l ]2l2l2|1] 100
On-time 111|211l ]al2l1|1] 100
delivery
Quality Product
quality and 11121122222 l1|1] 100
reliability
Continuous
improvement | 1 |1 |1 }1|21|1(1|21|1|1}]1|1|1| 100
ability
Capacityand | 4 1y b0l g g g g (112111 100
. flexibility
Supplier
condition i
and Iaeg:;'ﬁf; 111 |1)af1|1]af2]|2|2|2]1] 100
relationship -
Collaborative |y 19" b g\ g 19 | 3 | 1 (1|01 |1]1]1] 923
development
Green
mamatacturing | 0 | 111 L 1{1{o]1]o|1|1|1|1] 7692
Green
supplier Green
productand |1 1|11 1|1f0|1]0|1]|1|1]|1] 8462
design
. Naturalrisk |0 |1|0o]o| 1|21 |1|1]0|1]1]1] 6923
Supplier
risk Humanrisk |0 | 1|00 |22 |1 |11 |21|21]1]1] 7692
3.3 ANP Model

Because of the existence of relationships among criteria, therefore the structure
of criteria is constructed based on ANP approach as shown in Figure 3.5. All main
criteria has effect to buyer’s judgment when selecting supplier and also the relationship
among main criteria exists. The arcs in the picture represents the relationship among
criteria. For example, criteria of cost, not only sub-criteria, price and other cost have
influence on this main criteria but also other main criteria. Hence, there are links
between cost and other main criteria. This implies that one main criteria might have

effect on other criteria. For example, high quality products tend to consume higher cost
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which means there is relationship between the criteria of cost and quality. Moreover,
not only relationship between sub-criteria within the same main criteria existed but also
the outer criterion dependency relationship among main criteria. This leads to more
than 800 pairs to compare, therefore, some links which the author decided that no

relationship existed have been removed.

VAR

Cost
- Price
- Other cost
A
( Delivery Quality \
- Lead time - Product quality&
- On-time delivery reliability
< »] | - Continuous
improvement ability
2 _/ .
v \ 4
/ Supplier’s condition & Supplier risk
Relationshi 3
elationship - Natural risk
- Capacity and flexibility - Human risk
- Technical capability
- Collaborative
development
A 4
\_/ 4 Green supplier
- Green manufacturing
process
- Green product &
design

/

Figure 3.5 The structure of criteria in ANP for supplier selection
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After the set of criteria is confirmed by experts, the questionnaire is asking about

criteria weight and performance evaluation is constructed (see appendix B).

Questionnaire is separated into 2 main sections. First section is used for criteria

weighting, another section is used for performance evaluating.

3.4.1 Design of Questionnaire: Section 1

For the first section, questionnaire is designed to ask the respondents to compare

a given pair of criteria followed Saaty’s rating scale (1-9) as follows:

1-Equal importance

2: Equal to moderate importance

3: Moderate importance

4: Moderate to strong importance

5: Strong importance

6: Strong to very strong importance

7: Very strong importance

8: Very strong to extreme importance

9: Extreme importance

One criteria will influence 1 times more
on a given element than the other does.
One criteria will influence 2 times more
on a given element than the other does.
One criteria will influence 3 times more
on a given element than the other does.
One criteria will influence 4 times more
on a given element than the other does.
One criteria will influence 5 times more
on a given element than the other does.
One criteria will influence 6 times more
on a given element than the other does.
One criteria will influence 7 times more
on a given element than the other does.
One criteria will influence 8 times more
on a given element than the other does.
One criteria will influence 9 times more

on a given element than the other does.

In this section, questions are divided into 5 parts based on the level of preference

structure, such as, level of relative importance among all main criteria by assuming
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criteria are independent, level relative importance among main criteria by assuming

interrelation among criteria, etc. The structure of questionnaire can be explained as

follows:

Let  C1: cost criteria
Ca: delivery criteria
Cas: quality criteria
C4: supplier’s condition and relationship criteria
Cs: green supplier criteria

Ce: supplier risk criteria

e Part 1: This part is to measure the relative importance among all main criteria
on supplier selection by assuming existence of dependency relationship as illustrated in

Figure 3.6.

Supplier Selection

Figure 3. 6 The comparison of relative importance among all main criteria on

supplier selection

e Part 2: This part is to measure the relative importance among main criteria by
assuming interrelation among main criteria. To collect the data for this part, respondent
will be asked to judge the relative influence between each pair of main criteria on the

specific main criteria as shown in Figure 3.7.



C Cs
C1
A
Cs Cs Ce
C1 C2
Cs
A
Cs Cs Ce
C1 CZ
Cs
Cs Cs Cs

Figure 3. 7 The comparison of relative importance among main criteria by
assuming interrelation among main criteria

C1 C3
C>
A
Cs Cs Ce
C1 Cz
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Cs Cs Cs
Cl C2
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A
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e Part 3: This part is to measure the relative importance among sub-criteria with

respect to their main criteria.

Let ej: sub-criteria j of main criteria i

e11: price

e12: other cost

e21: lead time
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e22: on-time delivery

es1: product quality and reliability
es2: continuous improvement ability
es1: capacity and flexibility

es2: technical capability

es3: collaborative development

es1: natural risk

es2: human risk

es1: green manufacturing process

ee2: green product and design

Ci C Cs
€11 €11 €21 €22 €31 €31
C4 C5
1 PN
s €42 €43 €s1 €52
Cs
/ \
€61 €62

Figure 3. 8 The comparison of relative importance among sub-criteria
with respect to their main criteria

e Part 4: This part is to measure the relative importance among sub-criteria by

assuming existence of criterion dependency relationship under their main criteria.
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Cs

€41 | €42

N4

Figure 3.9 The comparison of relative importance among sub-criteria by assuming
existence of criterion dependency relationship under their main criteria

e Part 5: This part is to measure the relative importance among all criteria by
assuming existence of outer criterion dependency relationship among main criteria. For
example, Figure 3.10 illustrates influence among all sub-criteria on sub-criteria of price
(e11). It shows that not only relationship within main criteria of cost exists but also outer

criteria are included.

€31 €32

€22 €62

€61

€21 M €en

-~

€41 €52

€42 €51

€43

Figure 3.10 The comparison of relative importance among all criteria by assuming
existence of outer criterion dependency relationship among main criteria
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3.4.2 Design of Questionnaire: Section 2

The second section of questionnaire is designed to ask the respondents (i.e.
purchasing manager) to evaluate historical performance of potential suppliers for each
criteria. In questionnaire, respondent will be asked to evaluate between two current
suppliers, namely supplier A and supplier B. The questions in this section is separated
into two parts. In part 1, the respondent will be asked to select current two suppliers
who can provide same material or part. One is supplier who has first priority to be
selected, in other words, this represents good supplier. Another one is supplier who
would be the last choice to be selected or bad suppliers which express bad supplier. In
part 2, the respondent will be asked to rate performance of each supplier based on each

criteria. Performance will be measured in three characteristics:

1. Performance Efficiency refers to the expected of efficiency of supplier
measured by mean.

2. Performance Stability refers to standard deviation. Because good supplier
should provide constant performance or standard deviation of supplier’s performance
should be low.

3. Performance Tendency refers to skewness. As mentioned earlier, it does not
mean that supplier with no tendency to differ from average efficiency or not fluctuate
is good. Hence, this performance reflect the asymmetrical direction of efficiency which

measured by skewness.

Asking respondent to evaluate suppliers’ standard deviation and skewness 1s not
easy. In order to obtain these two characteristics, the respondent will be asked to
evaluate lower and upper bound of performance, i.e. minimum and maximum level of
criterion performance and most often occurred performance, i.e. mode which provided
by each supplier. The standard deviation will be calculated using the estimation of range,
i.e. the difference between maximum and minimum level of performance obtained from
questionnaire. This estimation is proved and proposed by Hozo, Djulbegovic, and Hozo
(2005) and it is showed in equation 3.1. The skewness will be calculated using
pearson’s coefficient of skewness which is estimating skewness by mean and mode

obtained from questionnaire as shown in equation 3.2.
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sp — Range (3.1)
6
X —mode
Sk=——"—"— 2
3D (3.2)

Where SD s standard deviation

Range Iis difference between lowest and highest of the range

Sk is skewness

Mode is most often occurred performance

3.5 Determining Target Group and Data Collecting

Although this research has set manufacturers in electronics industry as target
group. But there is a large number of manufacturers in this industry. Also,
characteristics of manufacturers in this industry are very heterogeneous due to many
types of products and manufacturers. A method that could be used to classified
manufacturing types is using TSIC. TSIC is a 5-digit-code generated by Department of
Industrial Works, Ministry of Industry. Based on TSIC, manufacturing companies in

electronics industry can be grouped into 7 types which are;

1. Electronic devices, part and coil

2. Computer storage equipment

3. Lighting equipment

4. Transformer, uninterrupted power supply, battery, electric wire
5. Computer part, Print circuit board, electronic mainboard

6. Home Electrical machine

7. VDO recorder, camera, lens

After classifying all manufacturers in electronics industry based on TSIC code,
each type still has large number of manufacturer. Then manufacturers in each type are
classified based on size of company using Small and Medium Enterprises Promotion
Act, B.E. 2543. Based on the rule of this promotion act, size of manufacturers can be

classified into 3 categories, small, medium and large enterprise by these following rules;
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- Small-size-manufacture (S): number of employees is not greater than 50

employees or asset value is not greater than 50 million baht.

- Medium-size-manufacturer (M): number of employees is between 51-200

employees or asset value between 50-200 million baht.

- Large-size-manufacturer (L): number of employees is greater than 200

employees or asset value is greater than 200 million baht.

Finally, manufacturers in electronics industry can be re-group based on its
character and product type (manufacturer type based on TSIC) as well as size of

company (based on Promotion Act) as shown in Table 3.3.

Table 3. 3 Clustering of Thailand’s electronics industry

Types of manufacturer Size of company
S M L
Electronic devices, part and coil 152 28 7
Computer storage equipment 25 4 2
Lighting equipment 50 24 9
Transformer, uninterrupted power 270 138 48

supply, battery, electric wire

Computer part, Print circuit board, 22 16 34
electronic mainboard

Home Electrical machine

- Stereo, Television 502 177 162
- Refrigerator, Fan, washing 493 173 78
machine, air-conditioner
- Other home electrical machines 23 1 1
VDO recorder, camera, lens 11 12 12
Total 1548 573 353

Source: Department of Industrial Works, Ministry of Industry (31 Jan 2016)
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In this research, home electrical machine which is the nearest tier to end
customer has been selected as target group. Because suppliers of this manufacturing
type are companies who produce, for example, electronics device, motor, coil, electric
wire, which are still in electronics industry. But if electronics devices are selected as
target group, suppliers of this manufacturing type fall on other industry, such as, plastic
industry, steel industry, rubber industry. Home electrical machine is selected in order
to avoid such circumstance. Also only M and L-size-manufacture are selected as target
group. Because of small manufacturers are possibly to have no standard and no system,
the result may has much variance if small-sized manufacturers are including. Hence,

total population size is 592 companies.
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CHAPTER 4
RESULT ANALYSIS

This chapter presents result of data analysis obtained from the survey. First,
summary of respondents are presented, follows by criteria important weight and result
of performance evaluating. Then the skewness effect is analyzed. Finally, decision

matrix of supplier selection is proposed.

4.1 Summary of Respondents

After set of criteria were formulated and questionnaire was constructed, then
the data survey was begin as mention in precious chapter. To determine sample size,
this research refers to sample size from previous researches which applied similar
method, i.e. MCDM techniques. Table 4.1 presents number of sample size from

previous researches.

Table 4. 1 Number of sample size from previous researches

No. Year Authors Sample size
1 1998 Verma & Pullman 58
2 1999 Yahha & Kingsman 16
3 2005 Lie & Hai 60
4 2007 Gurpina 16
5 2012 Bruno et al. 20
6 2014 Dargi et al. 4
7 2014 Lima et al. 3

From Table 4.1, the maximum sample size from previous studies are 60.
Therefore, this research set minimum sample size required equals to 60 sample sizes.
After the sample size is determined, then the survey is conducted by two ways. One is

face-to-face interview, another one is questionnaire distribution.
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- Questionnaire: For questionnaire, totally 30 questionnaires were distributed to
medium and large size manufacturers and 24 questionnaires were received, with 80%
response rate.

- Face-to-face interview, 53 companies were interviewed.

Figure 4.1 shows the ratio of face-to-face interview to questionnaire samples.
Totally, the sample sized in this research is 77 companies. The ratio of face-to-face
interview to questionnaire is about 69% to 31%. The data obtained from interview is
more precise and correct as it is two-way communication. Respondents are allowed to
ask immediately if there is any question or confusion. Also, collecting data by
distributing questionnaire is likely to have more mistake, especially in questionnaire
section 1. For interviewing, the inconsistency ratio can be calculated along with
interviewing. So if there is any inconsistency, respondent will be asked to re-judgment
the comparison instantly. But using questionnaire, after receiving questionnaire from
respondent and it is found inconsistency in the comparison, questionnaire will be sent
back to respondent. Then after receiving questionnaire, the result will be analyzed again.
If there is still inconsistency, then the questionnaire will be sent back to respondent
again. Therefore, if the case company is located in Bangkok and nearby province, the
interview is first priority. But if the case company is located in other region,

questionnaire is used instead of interviewing due to limitation of time and traveling cost.

No response
6, 20% 24, 31%

Respond 24,
80%

53, 69%
Ointerview @questionnaire

Figure 4.1 Sample size classified by surveying method
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As we requested deep information and also the respondents in this research is
purchasing manager and procurement manager which required at least 10 year of
experience. Therefore, small sample sized is acceptable as the comparison sample size
between previous studies shown in Table 4.2. The average year of experience of
respondents are 15.87 years. Table 4.1 presents the data of sample size in this research
classified by type and size of manufacturers. From total sample size of 77 companies,
42 of them or 55% are medium-sized companies and 35 of them or 45% are large-sized

companies as illustrated in Figure 4.2.

Table 4.2 The characteristics of sample size

Type of manufacturers Sample size
M L
Stereo, Television 16 17
Refrigerator, Fan, washing machine, air- 25 18
conditioner
Other home electrical machines 1 0
Total 42 35
L, 35,
45%
M, 42,
55%

Figure 4.2 Sample size classified by size of company

As presented in Figure 4.3, respondents consists of three types of companies:

Thai company, joint company between Thai and foreign company and foreign company.
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Thai ,
19, 25%

Foreign,
35, 45%

Joint,
23, 30%

Figure 4.3 Sample size classified by types of company

Purchasing and procurement experts from each company was interviewed or
requested to fill out the questionnaire asking to evaluate and compare performance
between key supplier which is recognized as supplier with good performance and
unfavorable supplier which is recognized as bad supplier who would be the first and
the last choice to be considered when buying, respectively, in order to analyze whether
it has different performance perspective between these two suppliers, especially

skewness.

4.2 Importance of Criteria
4.2.1 Overall Criteria Importance

In this research, ANP approach is used to analyze important weight of criteria.
Compare among main six criteria or dimension, supplier condition and relationship is
the most important criteria, follows by delivery, cost, quality, supplier risk, and green
supplier respectively. It is surprisingly that CQD (Cost; Quality; Delivery) are not the
top-3 criteria as people always thought. But manufacturers in Thai electronics industry
concern most about supplier condition and relationship which mostly rely on the
flexibility and technical capability. Because of competitive environment tends to
become more severe, more customization and more rapid, competition becomes more

intense. Then supplier must be able to meet customers’ need rapidly.
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In sub-criteria level, the overall results show that among all sub-criteria, Lead
time is the most important criteria, follows by Price, Continuous improvement ability,
Capacity and flexibility, Product quality and reliability. The least important criteria is
Collaborative development. The overall rank as well as each criterion weight is

presented in Table 4.3.

The overall results reflect well on the behavior of customer in electronics
industry. With technology changes so fast and intense competition, lead time is the most
concerning criterion in buyers’ view with 0.0910 weight score. The second criterion is
price with 0.0869 weight score. The third rank is continuous improvement ability with
0.0806 weight score. It is surprisingly that buyers concern more on the effort and ability
of supplier to increase performance for the future rather than current quality of product
to meet firm’s specification, i.e. product quality and reliability, which is in the fifth rank.
The forth rank is capacity and flexibility which means the ability to produce order from
buyer with responsiveness to changing or additional requirement from buyer. Due to

customers’ needs of responsive, this is not peculiarly result.

Table 4.3 Relative importance of criteria by ANP analysis

Main criteria Sub-criteria Overall | Overall | Dimension
Weight Rank Rank
Price 0.0869 2
Cost 3
Other cost 0.0751 8
. Lead time 0.0910 1
Delivery - - 2
On-time delivery 0.0750 9
Product quality and reliability | 0.0786 5
lit ' i 4
Quality Co_n_tlnuous improvement 0.0806 3
ability
Supplier Capacity and flexibility 0.0791 4
condition and Technical capability 0.0766 6 1
relationship Collaborative development 0.0678 13
) Green manufacturing 0.0711 11
Green supplier - 6
Green product and design 0.0690 12
. Natural risk 0.0755 7
Supplier risk - 5
Human risk 0.0736 10




66

An issue should not overlook is, even though people always talk about being
environmental friendly, and raise awareness of green issue, in fact buyers seem not to
care for this criteria as green supplier is the least important main criteria. Also, both of
sub-criteria of green supplier are ranked in eleventh and twelfth place.

4.2.2 Criteria Importance Classified by Size of Company

Classified by size of company, important weight of each criterion between
medium and large size company are not much different as shown in Figure 4.4.
However, their criteria rank are slightly different due to their characteristics. For
medium-sized manufacturers, the most affecting criteria on buyers’ decision is price,
follows by lead time, product quality and reliability, continuous improvement ability,
and capacity and flexibility. While the most concerning factor for large-sized
manufacturers is lead time, follows by price, technical capability, continuous
improvement ability, and other cost. The reasons of this difference is, medium-sized
manufacturers have more limited resource than large manufacturers, especially
financial resource. Therefore, price criteria is the most important thing that medium-
sized manufacturers concern while L-sized manufacturers seek for rapid suppliers who

provided short lead time.

Table 4.4 compares rank of criteria importance among medium-sized
manufacturers, large-sized manufacturers, and overall result. From this table, although
important weights of the same criteria are not much different but rankings are slightly
different. The first top-2 important criteria of both sizes are price and lead time, same
as overall rank but different place. While L-sized manufactures concerned much about
technical capability as this sub-criteria is ranked in third place, M-sized manufacturers
concerned about product quality and reliability. This is because L-sized manufacturers
have sufficient resource and power over other manufacturers, so they would want to be
leadersin the industry. To become trendsetters, they need high technical supporting in

terms of designing new product and developing new technology.

About criteria with lowest important weight, bottom-3 criteria which have

lowest important weight of L-sized manufacturers are collaborative development, green
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manufacturing, green product and design, same as overall ranking. But for M-sized
manufacturers, bottom-3 ranked criteria are collaborative development, green product
and design, and technical capability, which is the remarkable result. While technical
capability is the third ranked criteria that large-sized manufacturers concern but it seems
to have less important to medium-sized manufacturers. This is because the opposite
reason with L-sized manufacturers’. Medium sized manufacturers have less resource
than L-sized, especially financial resource. They do not position themselves to become
leaders in this industry. So they do not required much on high technical support as it

may leads to higher cost.

Table 4.4 Criteria ranking between medium and large-sized manufacturers

Sub-criteria Overall Medium-sized Large-sized
Weight | Rank | Weight Rank | Weight | Rank

Price 0.0869 2 0.0858 1 0.0882 2
Other cost 0.0751 8 0.0722 10 0.0784 5
Lead time 0.0910 1 0.0851 2 0.0981 1
On-time delivery 0.0750 9 0.0739 9 0.0764 7
Productqualityand | o766 5| 00822 | 3 | 00744 | 8
reliability

Continuous

. - 0.0806 3 0.0809 4 0.0804 4
improvement ability

Capacity and flexibility | 0.0791 4 0.0800 5 0.0780 6
Technical capability 0.0766 6 0.0719 11 0.0822 3

Collaborative 0.0678 13 0.0716 12 0.0632 13
development

Green manufacturing 0.0711 11 0.0756 7 0.0657 12
Green product and 00690 | 12 | 0.0674 13 | 00710 | 11
design

Natural risk 00755 | 7 | 00785 6 00718 | 10

Human risk 0.0736 10 0.0748 8 0.0721 9
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Capacity and flexiblity | | 0(5(.)07;33(())0
Technical capability | O.O|7(l)§0822
Collaborative development | O.IO%?.)(Z)HG
Human risk | |0(')(?(7)%8
Natural risk | O|'Og.108785
Continuous improvement ability || %%%%g
Product quality and reliability | O.IOZ)%SZZ O L-size
Green product and design | L)%g;jo B M-size
Green manufacturing | O'(f6(5).70756
On-time delivery | | 000%34
Lead time | 0.045(1)'0981
Other cost | Ol 007'%84
i

0.0000 0.0200 0.0400 0.0600 0.0800 0.1000 0.1200
Important weight

Figure 4.4 Relative important weight classified by size of company

4.2.3 Criteria Importance Classified by Types of Company

Important weight distinguished by types of company are presented in Table 4.5.
The results show that, obviously types of company affects to criteria concerning as their
criteria ranked by important weight are different. For Thai ownership company,
technical capability is the most concerning criteria, follows by lead time, capacity and
flexibility, and price. Joint company between Thai and foreign company concerns most

about natural risk, follows by lead time, continuous improvement ability, and price.
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Whereas price is the most important criteria of foreign company, follows by, lead time,

continuous improvement ability, and other cost. All the ranks are shown in Table 4.5.

Table 4.5 Overall criteria ranking classified by types of company

Sub-criteria Thai company Joint company Foreign
company
Weight | Rank | Weight Rank | Weight | Rank

Price 0.0834 4 0.0827 4 0.0916 1
Other cost 0.0665 11 0.0734 9 0.0807 4
Lead time 0.0917 2 0.0909 2 0.0907 2
On-time delivery 0.0834 4 0.0761 7 0.0698 11
Product quality and 00782 | 6 | 00778 6 00794 | 7
reliability

Continuous
improvement ability

Capacity and flexibility | 0.0876 3 0.0716 10 0.0795

Technical capability 0.0918 1 0.0593 13 0.0797

Collaborative
development

Green manufacturing 0.0736 9 0.0656 12 0.0734
Green product and

0.0747 8 0.0838 3 0.0818

0.0546 13 0.0740 8 0.0709

| © o1 O | W

0.0724 10 0.0704 11 0.0663 12

design
Natural risk 0.0650 12 0.0923 1 0.0701 10
Human risk 0.0770 0 0.0820 5 0.0662 13

The rankings of criteria are different between medium-sized and large-sized
company due to their characteristics and constrains, such as resource, capability, know-
how, etc. The results compare between medium-sized and large-sized company

categorized by types of company are showed in Figure 4.5-4.7.
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Figure 4.5 Relative important weight of Thai ownership company
classified by size of company
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Figure 4.6 Important weight of joint company between thai and foreign
classified by company size
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Figure 4.7 Relative important weight of foreign company

classified by size of company

4.3 Performance Evaluating
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O L-sized
= M-sized

In questionnaire, respondents are asking to select their current suppliers. One is

the first priority supplier which means the most favorable supplier who is the first

priority to be selected. Another one is the alternative supplier who is less priority to be

selected, namely, less priority supplier. The respondents are asked to evaluate

performance based on real data or satisfaction score for objective criteria and subjective

criteria, respectively. The types of criteria are shown in Table 4.6.
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As explanation in Chapter 3 that the performance in this research is measured
into 3 characteristics. Therefore in each criteria, respondent are asked to evaluate
performance of supplier in order to obtain the value of mean, SD, and skewness. But
to obtain the value of SD and skewness is not easy as mentioned earlier. Threrefore, the
question in questionnaire is not directly asked respondents to provide the value of SD
and skewness but after the survey was done, the results from questionnaire are
transformed into 3 perspectives, which are, mean, standard deviation and skewness

using equations showed in chapter 3.

Table 4.6 Types of criteria

Type Sub-criteria Index
Objective Price Actual price
Other cost Actual cost
Lead time Actual lead time
On-time delivery % On-time delivery
Product quality and reliability % Return rate
Subjective Continuous improvement ability Satisfaction score

Capacity and flexibility
Technical capability
Collaborative development
Green manufacturing
Green product and design
Natural risk

Human risk

4.3.1 Coefficient of Variation

The overall results of CV (Coefficient of Variation) categorized by size of
company is presented in Table 4.7. From the results of performance evaluated by
buying manufacturers, although we indicated that in this research performance
perspective is defined into 3 characteristics, 1) efficiency measured by mean, 2)
stability measured by standard deviation, and 3) tendency measured by skewness, only
2 indexes are shown in Table 4.7. CV means coefficient of variation which represents

the ratio between standard deviation to the mean. Hence this statistical measure
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combines the perspective of mean and standard deviation into one. The lower of CV

means the better supplier.

Table 4. 7 Results of performance evaluation: Coefficient of Variation (CV)

Supplier Category
Main o . . L
criteria Sub-criteria First priority Less priority
Overall M L Overall M L
Cout Price 0.0316 | 0.0320 | 0.0311 | 0.0401 | 0.0415 | 0.0383
0S
Other cost 0.0679 | 0.0768 | 0.0549 | 0.0790 | 0.0965 | 0.0479
Sl Lead time 0.0616 | 0.0622 | 0.0608 | 0.0802 | 0.0851 | 0.0747
elive
i On-time delivery | 0.0248 | 0.0216 | 0.0284 | 0.0306 | 0.0308 | 0.0304
Product quality | o o201 | 9976 | 0.3171 | 0.2889 | 0.3168 | 0.2564
and reliability
Quality Continuous
improvement 0.0328 | 0.0329 | 0.0327 | 0.0344 | 0.0325 | 0.0367
ability
_ Capacity and 0.0339 | 0.0352 | 0.0322 | 0.0436 | 0.0455 | 0.0412
Supplier flexibility
condition | Technical 0.0362 | 0.0352 | 0.0372 | 0.0436 | 0.0453 | 0.0415
and capability
relationship | Collaborative | 376 | 5 0391 | 0.0358 | 0.0546 | 0.0565 | 0.0520
development
Green 0.0275 | 0.0294 | 0.0254 | 0.0312 | 0.0315 | 0.0309
Green manufacturing
supplier Green product | ) 4335 | 00336 | 0.0334 | 0.0285 | 0.0292 | 0.0276
and design
Supplier Natural risk 0.0412 | 0.0426 | 00397 | 0.0685 | 0.0717 | 0.0643
risk Human risk 0.0745 | 0.0760 | 0.0727 | 0.0580 | 0.0617 | 0.0529

Criterion with highest stability and low risk (lowest CV) is on time delivery
with CV of 0.024, follows by product quality and reliability, green manufacturing, price,
and continuous improvement ability, respectively. The lowest stability with high risk
performance of supplier (highest CV) is product quality and reliability with CV of
0.2751. Not every favorable suppliers of both sized manufacturers have lower CV than
unfavorable suppliers for all criteria. For medium-sized manufacturers, there are 3
criteria which CV of first priority suppliers are higher than less priority suppliers, that

are, green product and design, natural risk, and human risk. For large-sized
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manufacturers, there are 5 criteria, which are, other cost, product quality and reliability,
green product and design, natural risk, and human risk. However, the influence of these
criteria are not much high compared with criteria which first priority suppliers have
lower CV judged by their important weight.

In the next section, each main criteria will be discussed one by one based on the

results in Table 4.7.

1. Cost: The first sub-criteria to discuss in this dimension is price. For both of
medium and large-sized buyers, first priority and less priority suppliers have similar
variation, i.e. both CV are close to each other. However, less priority suppliers have a
little higher CV. This means, based on buyers’ opinion, first priority supplier should
provide more stable performance. Also first priority suppliers of large-sized company
seems to have more stable, i.e. less variation, performance than less priority suppliers.
Compare to price, other cost is more unstable than price. Because of many external
factors affecting to other cost, it is hard for supplier to control these factors, such as,
fuel surcharge, foreign exchange rate which fluctuated throughout the time. First
priority suppliers of medium-sized have lower variation than less priority suppliers
while suppliers of large-sized have a little bit higher variation. However, the overall CV
shows that first priority suppliers have lower CV, i.e. higher stability than less priority

suppliers.

2. Delivery: Despite many criteria involved in supplier selection, we cannot
deny that one of the most important criteria at all time is lead time, especially in current
business era of high responsive. From Table 4.7, it can be seen that first priofity supplier
has lower CV than less priority supplier. This means buyers would select supplier with
higher stability and low variance because it is easier to make a schedule plan. This is
also true with on-time delivery. Even there is not much different between CV of first
priority and less prioity suppliers, nevertheless, first priority suppliers have lower CV.
Also, the results show that on-time delivery seems to have lower variance and higher

stability than lead time as its CV is lower.

3. Quality: For the sub-criteria of product quality and reliability, CV of first
priority and less priority supplier are not much different compared with sub-criteria of

continuous improvement ability. Even first priority suppliers of medium-sized
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manufacturers have a little higher CV than less priority suppliers, 0.0329 and 0.0325,
respectively, the difference is very narrow so it can be conclude that their CV is not
different. First priority suppliers of large-sized manufacturers have higher variation, i.e.
CV of product quality and reliability than less priority suppliers. But this sub-criteria
has merely moderate importance based on the judgment of large-sized buyers as

important weight shown in Table 4.4. Also their CV is not much different.

4. Supplier Condition and Relationship: This main criteria is the most important
criteria which has highest weight important compared with other main criteria. For all
3 sub-criteria in this dimension, although first priority and less priority suppliers have
not much different CV, it is obvious that les priority suppliers of both sizes still have

higher CV than first priority suppliesrs.

5. Green Supplier: For green manufacturing, the result is in accordance with the
assumption that first priority suppliers should be more stable than less priority suppliers.
However, their CV are not much different. Differ from green manufacturing, for green
product and design, first priority suppliers have a little higher value of CV than less
priority suppliers. One of the main reason is the insignificance of green supplier criteria.
From the result of criteria important weight, green manufacturing and green product
and design are in eleventh and twelfth rank, respectively. This induces suppliers not to
regard much with improving green efficiency because buyers have low concern about

this criteria.

6. Supplier Risk: From Table 4.7, both of medium and large-sized
manufacturers have higher CV on first priority suppliers rather than less priority
suppliers in criteria of human risk. But compared with natural risk, the difference of
CV for natural risk is much higher with lower CV on first priority suppliers. Therefore,
we may say that, first priority suppliers tend to have higher stability than less priority
suppliers for the overall result of this main criteria. However, human risk seems to have

more variation than natural risk for both sizes.

In summary, suppliers of medium-sized manufacturers tend to have higher CV
than large-sized manufactures. This is because of medium-sized buyers are likely to
have weaker power compared with large-sized buyers. Due to their quantity purchased,

resources and financial statement, they have fewer options than large buyers. Therefore,
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even their first priority suppliers tends to have lower stability compared with large-

sized companies’ suppliers.

4.3.2 Skewness

Based on the direction of skewness, there are 2 types of performance. One is
performance with preference of negative skewness or the higher of performance index,
the better efficiency, such as %on-time delivery. In this case, buyers would expect
greater value of performance or prefer suppliers who have left-skewed performance.
Conversely, another one is performance with preference of positive skewness or the
lower of performance index, the better efficiency, such as cost and lead time. In this
case, buyers would expect lower value of performance or prefer right-skewed rather
than left-skewed performance. According to set of criteria in this research, each type of

skewness preference is shown as followings:

Type I: Positive skewness preference or right-skewed performance: Buyers
prefer lower value of performance than expectation. In other words, lower value means
better performance. There are 4 criteria in this type, namely, price, other cost, lead time,
and product quality and reliability.

Type 1lI: Negative skewness preference or left-skewed performance: Buyers
prefer higher value of performance than expectation which means greater value, better
performance. The rest of criteria are in this type, which are, on-time delivery,
continuous improvement ability, capacity and flexibility, technical capability,
collaborative development, green manufacturing, green product and design, natural risk,

human risk.

Table 4.8 presents the result of skewness evaluation. For type | performance, 3
of 4 criteria in this type have skewed performance as expected. For example, criteria of
lead time, first priority suppliers for both of medium and large-sized have shorter lead
time than buyers’ expectation, i.e., average lead time as their skewness is positive value.
This means in buyers’ perspective, favorable supplier is supplier who is able to provide
product in shorter time than promised lead time. In contrast to first priority suppliers,
suppliers with less priority have left-skewed performance which means most likely they

provide product with longer lead time than promised lead time.
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Supplier Category

Main L . L ..
criteria Sub-criteria First priority Less priority
Overall M L Overall M L
. Price -0.2866 | -0.3767 | -0.1790 | -0.3779| -0.4357| -0.3088
ost
Other cost 1.1210 | 1.0338 | 1.2251 | -0.6336| -0.7919| -0.4446
Lead time 0.8788 | 0.8033 | 0.9690 | -0.7569| -0.8645| -0.6284
Delivery T
On-time -0.8436 | -1.0169 | -0.6369 | 0.9133| 0.8870 | 0.9447
delivery
Product quality | o goc3 | 11871 | 07664 | -0.7999| -0.7074| -0.9103
and reliability
Quality Continuous
improvement | -0.4440 | -0.5413 | -0.3279 | 0.8877 | 1.0294 | 0.7186
ability
. Capacityand | 55,56 | 05083 | -0.4762 | 1.0451| 0.9604 | 1.1463
Supplier flexibility
condition | Technical 20,9720 | -1.0004 | -0.9381 | 0.4059 | 0.4432| 0.3613
and capability
relationship | Collaborative | o /001 | 5606 | -0.4050 | 0.4112| 0.3052| 05377
development
Green -0.3786 | -0.2074 | -0.5829 | 0.3865| 0.5175| 0.2303
Green manufacturing
supplier Green product | 36501 | 91857 | -0.5682 | 0.4742| 05593 | 0.3726
and design
Supplier Natural risk -0.5624 | -0.5235 | -0.6089 | 0.4820| 0.6439 | 0.2887
risk Human risk -0.8261 | -0.7708 | -0.8922 | 0.5045| 0.5451| 0.4560

In opposed to type I performance, type Il performance should skew to the left.

All of first priority suppliers of medium and large-sized manufacturers have left-skewed

performance as their skewness are negative value. This implies that first priority

suppliers provide higher performance than buyers’ expectation. In contrast to first

priority suppliers, less priority suppliers of both size have right-skewed performance

which means, molt likely, their actual performances tend to be lower than expected. For

example, criteria of continuous performance. Supposed that the average performance is

80 score, but most likely they performance and get lower score than 80, for example,

mostly their score is around 70 score. In this case, this supplier tends to have lower

performance than average performance. Its performance would skew to the right with

positive skewness value.
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Each main criteria will be discussed one by one based on the results in Table

4.8 as the following parts:

1. Cost: Both of medium and large-sized manufacturers have skewed
performance of other cost as expected. Performance of first supplier skew to the right
(positive value), while performance of less priority suppliers skew to the left (negative
value). This makes the overall skewness of other cost skewed to the same direction for
both types of suppliers. But this is not applied for price which both of good and bad
suppliers have right-skewed performance. That means both of them seems to have
higher price than average price but skewness value is quite low which will be discussed

again in the next section.

2. Delivery: Lead time and on-time delivery have skewed performance for both
of first priority and less priority suppliers to the expected direction. Compare to other
sub-criteria outside this dimension, delivery has highest skewed performance as their
overall skewness in greater than other criteria. Being the second rank of dimension, this
implies that skewness has immense effect on distinguishing between favorable and

unfavorable suppliers.

3. Quality: Good suppliers of medium-sized manufacturers tend to have higher
skewed performance than large-sized manufacturers as their absolute value of skewness
is greater than large-sized. In the other hand, less priority suppliers of large-sized
manufacturers have higher skewed performance than medium-sized. To compare
between 2 sub-criteria, performance of continuous improvement ability of good

suppliers have more slightly skewed than product quality and reliability.

4. Supplier Condition and Relationship: For first priority suppliers, technical
capability have highest skewed compared with other sub-criteria in this group. This is
because of high technology required in this industry type. In order to become favorable
suppliers, high competence and good know-how is necessary. For less priority suppliers,
the highest skewed performance is capacity and flexibility which means severely
unfavorable suppliers are suppliers who cannot provide the quick response to changes
for both of quantity and design which is different from today’s competitive environment
and end-customer satisfaction. Mostly, suppliers’ performance of medium-sized

manufacturers are more skewed than large-sized.
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5. Green Supplier: Even the results of skewness show that performance of sub-
criteria of green supplier are skewed to the expected direction, judged by the sign of
skewness, but their value is low compared to other criteria. In other words, performance
tendency between first priority and less priority suppliers in this criteria is scarcely
different. But compare to other criteria, green manufacturing and green product and
design have lowest important weight than other criteria. Therefore, suppliers are not

concern much to improve their efficiency of these criteria.

6. Supplier Risk: First priority suppliers of large-sized manufacturers seems to
have more tendency to improve their performance than suppliers of medium-sized as
their skewness value is greater than suppliers of medium-sized manufacturers. In
contrary, less priority suppliers of medium-sized manufacturers are more skewed or
tend to have lower performance than expected. Also their performance are skewed more
than large-sized manufacturers. First priority suppliers seem to have ability to deal with
errors and uncertainties event which are caused from human rather than natural risk.
Because to prevent errors and uncertainties done by human is easier to correct or control
the situations. Good suppliers should foresee some uncertainties and plan in advance in

case any unexpected circumstances occur.

In summary, both types of suppliers have skewed performance to the expected
direction for most of the criteria. While first priority suppliers perform better than
expected, less priority suppliers perform worse. However, the skewness effect will be

in-depth discussed in the next section.

4.4 Skewness Effect

In order to discuss in-depth about skewness effect on suppliers’ performance,
the level of skewness based on its skewness value are needed to be defined. (Bulmer,

1979) interpreted skewness level based on skewness value as following scale:

Sk<-1 or Sk>1 : Highly skew

—1<Sk<-1/2 or Y2<Sk<1 : Moderately skew

-1/2<Sk<1/2 . Approximately symmetrical
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From the result of skewness performance in Table 4.8 combines with the rule
of skewness from Bulmer, skewness effect is shown in Table 4.9. There are three

notations in the table. Each notation is defined as following meanings:

“0”  represents no effects of skewness (absolute value of skewness is less
than 0.5)

“+”  represents having at least moderately effect of positive skewness

(skewness value is greater than 0.5)

“-”  represents having at least moderately effect of negative skewness

(skewness value is less than -0.5)

With 13 sub-criteria, 2 sizes of manufacturers, and 2 types of suppliers, there
are 13x2x2 = 52 to-be skewness results as shown in Table 4.9. Based on Bulmer’s
skewness rule, most of the results are skewed to the expected direction but some
performances are not skewed as expected, especially less priority suppliers of large-
sized manufacturers. This implicitly reverberates the circumstance that large buyers
have power over suppliers. Large-sized buyers have large quantity order, therefore they
are able to force suppliers in order to retain their level of efficiency. Even less priority

suppliers have to maintain their performance.



Table 4.9 Skewness effect based on Bulmer’s rule (1979)
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Supplier Category
Main o First priority Less priority
o Sub-criteria
criteria expected | M | L |expected | M | L
direction direction
Price 0| O - 0|0
Cost
Other cost + - -1 0
. Lead time + - - | -
Delivery - -
On-time delivery - - - + + |+
Prqdu_chuaIltyand i + |+ i |
Quality reliability
Continuous improvement
T 3 -1 0 + + |+
ability
Supplier Capacity and flexibility - - 0 +
condition Technical capability - - | - 00
and Collaborative
relationship | gevelopment \ -1 0 + 0| +
Green manufacturing - 0| - + + 10
Green
supplier Gre_en product and i ol - N + 1o
design
Supplier Natural risk - - - 0
risk Human risk . - - 0

There is no criteria which performance is skewed in the opposite direction as
the assumptions, only no skewed performance emerge for some criteria. However, in
order to deeply discuss about the real effect of skewness, performance of first priority
and less priority suppliers in the same criteria will be considered altogether. If both of
them have skewed performance, it is clearly that skewness strongly affect supplier
performance. For each criterion, if either first priority or less priority supplier has
skewed performance, then it can also say that skewness effect exists. Only if no
skewness for both types of suppliers emerges, then there is no effect of skewness at all.
Therefore, all criteria performance are classified into groups based on the rule of

skewness as mentioned earlier. The skewness effect of each criterion are summarized

and shown in Table 4.10. The meaning of each mark is defined as below:




83

++ highly effect: both of first priority and less priority suppliers have at least

moderately skewed performance as expected

+ moderately effect: either first priority or less priority suppliers have at least

moderately skewed performance as expected

0 no effect: neither first priority nor less priority suppliers have skewed

performance as expected

Table 4.10 Summary of skewness effect

Rank of Skewness effect
impqrtant Sub-criteria Overall M a
weight
1 Lead time ++ ++ ++
2 Price 0 0 0
3 Continuous improvement ability + ++ +
4 Capacity and flexibility ++ ++ +
5 Product quality and reliability ++ ++ ++
6 Technical capability + + +
7 Natural risk + ++ +
8 Other cost ++ ++ +
9 On-time delivery ++ ++ ++
10 Human risk S ++ +
11 Green manufacturing 0 + +
12 Green product and design 0 + +
13 Collaborative development 0 + +

Looking at the result of overall skewness effect in Table 4.10, there is 4 sub-
criteria which have no skewness effect. But distinguishing between the two sizes of
manufacturing, the result shows that more skewness effect has been emerged. This is
because the difference characteristics between two sizes. In some criteria its
performance is skewed to the different direction. For example, green manufacturing,

less priority suppliers of medium-sized have right skewed performance (positive
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skewness), while first priority suppliers of large-sized manufacturers have left skewed
performance (negative skewness). Combining both sizes deducted their opposite effect
of skewness. Therefore, the overall result shows no effect of skewness at all. Hence, to

discuss on skewness effect, the classification between sizes of company is necessary.

However, the level of skewness effect is different between both sizes. Figure
4.8 and 4.9 present the comparison of skewness level on each size of manufacturer.
Skewness effect plays stronger role on medium-sized manufacturers than large-sized
manufacturers. As presented in Figure 4.8, more than half of sup-criteria of medium-
sized manufacturers have high skewness effect. Different from medium-sized, more
than half of sub-criteria of large-sized company have moderate skewness effect as

presented in Figure 4.9.

no effect, 8%

high, 62%

moderate,
31%

Figure 4.8 Ratio of skewness effect of medium-sized manufacturers
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no effect, 8%

moderate
effect, 69%

Figure 4.9 Ratio of skewness effect of large-sized manufacturers

o Conti. imp. ability (4)
o Capacity and flexibility (6)
o Tech.capability (3)

e Lead time (1)
¢ On-time delivery (7)

o Product qual, & reli. (8)

* Price (2) o Natural risk (10)
o Other cost (5)
e Human risk (9)
e Green manu. (12)
o Green prod. & design (11)
e Collab. devel. (13)
o Tech.capability (11) e Lead time (2)
e Green manu. (7) o Conti. imp. ability (4)
e Green prod. & design (13) o Capacity and flexibility (5)
e Price (1) e Collab. devel. (12) « Product qual, & reli. (3)
o Natural risk (6)
o Other cost (10)
e On-time delivery (9)
o Human risk (8)
No effect moderate high

Level of effect

Figure 4.10 Level of skewness effect




86

The summary of skewness effect in Table 4.10 is transformed into graph in
order to give a clearer picture of the level of skewness based on buyers’ company size
and presented in Figure 4.10. The number in parenthesis is the rank of important weight

of each criterion. The results can be classified into 3 groups.

1. Performance with highly effect of skewness (++): There are 3 performances
which have highly effect of skewness on suppliers’ performance of both large and
medium-sized manufacturers. That is, lead time, on-time delivery, and product quality
and reliability. Performances of first priority suppliers and less priority suppliers are
extremely different due to their different direction of skewness. For medium-sized
manufacturers, it tends to have greater difference among suppliers and easier to
distinguish between first priority and less priority supplier more than large-sized
manufacturers as the number of highly skewed sub-criteria is greater. Because large-
sized buyers have greater choices of suppliers by reason of their sufficient resources
and power. Hence, there is small gap between first priority and less priority suppliers

than medium-sized buyers who have limited resource and lower power.

One interesting issue is, there are 2 sub-criterion from 3 key performance
measurement in manufacturing, QCD (Quality, Cost and Delivery), which are highly
skewed. That means these key measurements are able to distinguish between good and

bad suppliers very well.

2. Performance with moderately effect of skewness (+): For large-sized buyers,
there are 9 sub-criteria in this group, which are, continuous improvement ability,
capacity and flexibility , technical capability , natural risk, other cost, human risk,
green manufacturing, green product and design, and collaborative development.
Medium-sized buyers have only 4 sub-criteria, which are, technical capability, green
manufacturing, green product and design, and collaborative development. Among all 4
moderate skewed performance of medium-sized manufacturers, the ratio of having bad
skewed to having good skewed performance is 50% to 50% (2 sub-criteria of each),
while the ratio of large-sized manufacturers is 33% to 67%. That means suppliers of
large-sized buyers have more skewed performance on first priority suppliers rather than
less priority suppliers. In other words, to be judged as unfavorable suppliers, it is not

essential to have performance skewed to the inappropriate direction. But in order to be
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judged as first priority suppliers, besides consideration of average and variance of

performance, suppliers should have performance skewed to the expected direction.

Figure 4.11 presents the list of moderate skewed performances as well as their

size of company.

Good skewed Bad skewed
e Technical capability e Green manufacturing
e Collaborative development ¢ Green product and design
M
e Technical capability e Continuous improvement ability
¢ Green manufacturing ¢ Capacity and flexibility
e Green product and design
L | e Collaborative development

Figure 4.11 Moderate sub-criteria of each size of buyers and types of suppliers

It is no doubt that large-sized manufacturers have sufficient resources more
than medium-sized. So they have ability to rapidly adjust themselves to cope with
changing in terms of design, process or quantity. Also with their knowledge and
technology, they do not rely much on suppliers. Therefore, first priority supplier in the
perspective of large-sized companies are not required to have tendency to improve their
performance in the criteria of continuous improvement ability, capacity and flexibility,
and collaborative development. But this is different from technical capability criteria.
First priority suppliers of both medium and large-sized manufacturers have skewed
performance, while less priority suppliers have no skewness. This reflects that
technology is important issue for electronics industry, especially in the age that

technology is developed so fast. Hence, even unfavorable suppliers need to maintain
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their performances to meet buyers’ expectation. Otherwise they would not survived in

this industry.

Both of sub-criteria in green supplier, first priority suppliers of large-sized
companies have tendency to have higher performance than expectation since their
performances are skewed to the expected direction, while first priority suppliers of
medium-sized companies have no tendency since their performance have no skew.
Even green issue has become world issue, but for Thai manufacturers, the issue has just
become mattered for few years, many of them are not still concern much about green
criteria as their important weight are ranked in the bottom three. This leads to the
thought of unnecessary to pay attention to improve green efficiency, especially for
medium-sized buyers. However, large-sized companies seem to concern on
environmental issues more than medium-sized. Therefore, first prioity suppliers of
large-sized must have skewed performances as shown in the result. In contrast, less
priority suppliers of medium-sized companies have skewed performance while large-

sized companies’ suppliers have no skew.

One interesting issue is unfavorable suppliers’ performance of other cost criteria
for large-sized buyers are not skewed as we expected. Because of buyers’ power over
suppliers, buyers can forced suppliers to monitor their performances avoiding failing to

meet buyers’ expectation even unfavorable suppliers.

3. Performance with no effect of skewness (0): Most of criteria have fluctuated
performance with tendency to differ from average efficiency, only price has no
skewness effect on both of first priority and less priority suppliers of M and L-sized
companies. This is because of the actual price cannot be much varied as it depends on
acceptable price or the contract made by both of buyer and supplier. However, other
cost which is in the same main criteria of cost is significantly skewed as shown in the
result, so we cannot deny the effect of skewness on cost performance on buyer decision

at all.

In summary, it appears that, in perspective of performance tendency, first
priority suppliers (supplier who performs well and be the first priority to be selected)
and less priority suppliers (suppliers who has lowest historical performance and be the

last choice to be selected) are different. Upon the hypothesis of skewness effect, either
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performance skewness of first priority or less priority suppliers can support the

existence of skewness effect.

As aforementioned, performance perspective in this research can be classified

into 3 perspectives:
1. Performance efficiency measured by mean
2. Performance stability measured by standard deviation
3. Performance tendency measured by skewness

Apparently, skewness plays important role on suppliers’ performance but to
compare skewness effect with other performance perspectives, statistical hypothesis
testing is applied in order to give guidance to suppliers of which perspective should be
improved. The paired sample t-Test is used to compare the difference of performance
evaluating between first priority and less priority suppliers for each criteria in each

perspective. The hypothesis are:

Ho: performance efficiency of first priority and less priority suppliers are equal

H:: performance efficiency of first priority and less priority suppliers are
different

Ho: performance stability of first priority and less priority suppliers are equal

H1: performance stability of first priority and less priority suppliers are different

Ho: performance tendency of first priority and less priority suppliers are equal

Hi: performance tendency of first priority and less priority suppliers are
different

With the significance level equal to 0.05, the results are shown in Table 4.11

ranked by importance weight. This table summarizes the effect of each performance
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should be improved. The tick mark refers to accepting the null hypothesis while the

cross mark refers to rejecting the null hypothesis.

Table 4.11 Guidance of which perspective should be improved

Performance perspective

Rank of

important | Sub-criteria M-sized buyers L-sized buyers
weight

Mean | SD | Sk | Mean | SD Sk

1 Lead time v v v v v v

2 Price x v x v v x

3 an_tinuous improvement R x v v < v

ability

4 Capacity and flexibility v x v 4 x v

5 Product quality and reliability v v v v v v

6 Technical capability x v v x v v

7 Natural risk v v v v v v

8 Other cost v v v v x v

9 On-time delivery v v v v x v

10 Human risk v v v x v v

11 Green manufacturing x x v x v v

12 Green product and design x x v x v v

13 Collaborative development 4 4 4 v x v

To interpret the results shown in Table 4.11, here is the example:

- Criteria of lead time: Both of M and L-sized manufacturers, all performance

perspectives have effects on buyer’s decision, therefore, suppliers should concern on

improving their performance in all three perspectives rather than focusing on only

average performance.

- Continuous improvement ability: For M-sized buyers, the result shows that

focusing on only mean and SD cannot distinguish between first priority and less priority

suppliers, since there are no difference between them. In fact, but buyers use skewness

to determine which supplier should be the first priority to be selected.
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For both of medium and large-sized manufacturers, skewness plays greater role
on performance than other perspectives. As presented in Figure 4.11 and 4.12, the
number of sub-criteria which can be used to distinguish between first priority and less
priority suppliers of skewness is greater than other perspectives. In other words, only
price cannot be discriminated by skewness. Therefore, Table 4.10 provides guidance of

which perspective should be improved and concerned.

100%
80% 92%

60% 69%
62% s 0

40%
20%
0%

Percent level of effect

mean SD skewness

Figure 4.12 Comparison of perspective effect of medium-sized manufactures
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Figure 4.13 Comparison of perspective effect of large-sized manufactures

The interesting point obtaining is, for all criteria except price, only a perspective

that matters to buyer’s decision is skewness. So if suppliers would like to improve
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themselves and become the first priority supplier, they should focus on their skewness
rather than mean or variance. This concludes that skewness should not be neglect when

making decision of supplier selecting and evaluating problem.

4.5 Developing Decision Matrix

The previous section proves that skewness between good and bad suppliers is
different and play important roles when evaluating suppliers. Therefore, when buyers
make a decision of which supplier should be selected, skewness should be included into
the decision model. In order to develop decision matrix considering skewness, the
concept of FMEA was modified. In FMEA, the risk level is measured by multiplying 3
combinations together, which are, severity, occurrence, and detectability. There is a
researcher applied this concept in order to select supplier (P-S. Chen and Wu, 2013). It
suggested to select supplier with lowest risk failure in order to avoid the possibility to
be failure or the possibility that supplier would perform worse than expected. But in
this research, it aims to measure the success ability, which means the possibility that
supplier would perform better than expected. In this section, first the developing matrix

is discussed, follows by validating matrix.

4.5.1 Developing Matrix by adpting FMEA

To select supplier by using FMEA method proposed by P.-S. Chen and Wu
(2013), the objective is to select supplier who has lowest risk of failure. In contrary to
select supplier based on risk perspective, this research aim to develop supplier selection
method based on the potential success or the tendency of supplier to perform better than
buyer’s expectation. Therefore, the new approach to select suppliers called Success
Mode Skewness Analysis (SMSA) is proposed. This approach is based on MVS
concept which the assumption is supplier with greatest expected performance does not
necessary be the best supplier but average performance, variance of performance and

skewness should combine together in order to evaluate among suppliers.
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The steps of SMSA method is shown in Figure 4.14. First, important weight is
obtained from ANP approach. Then the combination of mean, standard deviation and

skewness is determined in order to calculate MVS score.

Determine important weight of each criteria

Evaluate performance of potential suppliers
in 3 perspectives: Mean, SD, Skewness

\ 4

Set skewness rating

A\ 4
Calculate MVS
Mean

\
L

MVS =

x Skewness rating

Calculate Weight MVS of each criterion
Weight MVS = weight x MVS

Figure 4.14 Steps of SMSA method for supplier selection

MVS score can be calculate using the following equation:

Mean
SD

MVS =

x SR (4.1)

Where Mean is average performance of supplier
SD s standard deviation

SR is skewness rating
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From equation 4.1, MVS is calculated by multiplying the reciprocal of CV and
skewness rating. Good supplier should have low CV and skewed performance to the
expected direction. The ratio of mean to SD in the equation represents the reciprocal of
CV which means the higher of this reciprocal, the better supplier. Hence, it can be
interpreted that good suppliers should have high MVS score. But for skewness, the
skewness value are not directly input to the equation but transformed into skewness
rating based on Bulmer’s rule of skewness but slightly adjusted the interpretation of
skewness value. Figure 4.15 presents the comparison between Bulmer’s rule and

adjusted skewness rating for positive skewed performance.

Skewness value Bulmer’s rule Skewness rating
o~ & 777 T8 e -
05— - ) Qi vy aRkitl -
No to moderate
0.75 —| -] Moderat _________
Moderate to high
I R /. e
High High

Figure 4.15 Comparison between Bulmer’s rule of skewness and skewness rating

Because performance can skewed to either expected direction or the opposite,
skeweness rating have both of positive and negative value depends on its direction. If
performance is skewed to the expected direction, then skewness rating are positive
value, otherwise skewness rating is negative value. Supposed that there is a supplier
who has performance skewed to the disfavor direction, the MVS of this supplier would
be negative value, since CV is positive. Therefore, total weight MVS of this supplier

will be deducted by this negative weight MVS. By using this algorithm, it is able to
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include skewness effect into the decision matrix. The skewness rating is presented in
Table 4.12.

Table 4.12 Skewness rating

Skewness Rating Description
Expected | Opposite

No skew 1 -1 -05<Sk<0.5

No skew to moderate skew 2 -2 -0.75<Sk <05 or
0.5<Sk<0.75

Moderate to high skew 3 -3 —-1<Sk<-0.75 or
0.75<Sk <1

Highly skew 4 -4 Sk<-1 or Sk>1

In summary, selecting supplier using FMEA is the approach emphasizes on
risk’s perspective while SMSA takes tendency to perform better into account. With
different perspective, the objective of the two methods are certainly different. FMEA
seeks for suppliers who has lower risk of failure, while SMSA seeks for suppliers who
has tendency to improve their performance. The differences between the two methods

is summarized and presented in Figure 4.16.
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FMEA SMSA
Approach Measure failure mode Measure success mode
Objective Select supplier with lowest risk | Select supplier with highest
of failure potential of success
Combinations
Determine combination: Determine combination:
- Severity - Mean
- Occurrence - Standard deviation
- Detectablllty - Skewness
Calculate RPN: Calculate MVS:
RPN=SxOxD Mean .
MVS = ———x Sk rating
SD
\4
Calculate Weight RPN: l
Weight RPN = Weight x RPN .
Calculate Weight RPN:
Weight RPN = Weight x RPN
The lower weigh RPN means the | The greater weigh MVS means
better supplier. the better supplier.

Figure 4.16 Comparison between FMEA and SMSA method

4.5.2 Proposed SMSA Decision Matrix and Framework

As explanation of SMSA approach developed in this research, the decision
matrix could be developed as shown in Table 4.13. Column 1 and column 2 in the
matrix refer to main criteria and sub-criteria which are gathered from literature review.
The third column is weight which denotes important weight of each criteria obtained
from ANP approach. Column 4-6 refers to success assessment which represents
supplier performance evaluation in 3 perspectives, i.e mean (M), standard deviation

(SD), and skewness rating (SR). Company needs to evaluate these performance of all
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alternative suppliers before implementing this matrix. Column 7 is MVS computating.
Finally weight MVS of each criteria is calculated in column 8 in order to obtain total
weight MVS.

Table 4.13 SMSA Decision matrix

Criteria Sub-criteria Weight | Success Assessment | MVS (5) | Weight

M SD | SR MVS
@
(1) 2 (3) (4) B =D x(5)

Cost Price
Other cost

Delivery Lead time
On-time
delivery

Product quality
Quality and reliability
Continuous
improvement
ability
Supplier Capacity and
condition flexibility
and Technical
relationship | capability
Collaborative
development

Green Green
supplier manufacturing
Green product
and design
Supplier Natural risk
risk .
Human risk

To implement this decision matrix, this research proposes supplier selecting

framework which has following steps:

1. ldentify influential criteria: Actually this research already suggested
influential criteria which should be considered for supplier selecting problem in Thai
electronics industry, but in case that company has more additional criteria or company
is in different industry, then the changing of criteria may occur. The list of criteria must

be put in the first and second column of matrix.



98

2. Identify important weight: Compare importance of each criteria then put the
important weight in the third column. Actually there are many methods to use in order
to obtain important weight but this research suggests ANP approach as this method
consider the dependency among criteria and able to deal with both of qualitative and

guantitative criteria.

3. Evaluate supplier performance: Evaluate historical performance of all
alternative suppliers into 3 characteristics, which are, mean (M), standard deviating
(SD), and skewness. Then put the data of M and SD in column 4 and column 5,

respectively.

4. ldentify skewness rating: Set level of skewness rating then transform
skewness value into skewness rating (SR) and put the value of skewness rating in
column 6. If performance is skewed to the expected direction, then SR is positive.

Otherwise, SR is negative. Here are the suggested skewness rating

e -05<Sk<05 SR=1 or SR=-1
e —-0.75<Sk<0.5 or 0.5<Sk<0.75 SR=2 or SR=-2
e -—-1<Sk<-0.75 or0.75<Sk<1 SR=3 or SR=-3
e Sk<-1or Sk2>1 SR=4 or SR=-4

5. Compute MVS: Calculate MVS by using the following equation then put
MVS in column 7,

Me[a)m x Sk rating

6. Calculate weight MVS: Calculate weight MVS which is the multiplication
between weight (column 3) and MVS (column 7).

7. Select supplier: Supplier who has highest total weight MVS is supplier who
has highest possibility to perform better than expected.

Table 4.14 shows the example of implementing decision matrix.
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From the decision matrix in Table 4.14, supplier A and B are evaluated. The
result shows that total weight MVS of supplier A and B are 19.12 and -2.35,
respectively. This indicates that, supplier A has higher possibility to be success or
perform better than buyer’s expected. In contrast, B has possibility to perform worse
than A and also worse than buyer’s expected as its weight MVS is negative. Therefore,

in this case, the decision matrix suggests buyer to select supplier A rather than B.

4.5.2 Decision Matrix Validation

The verification of the proposed decision matrix is conducted by comparing the
result between excluding and including skewness in the decision matrix. In
questionnaire, the respondent is asking to evaluate performance of 2 suppliers. One is
the most prefer supplier who is the first priority to be selected, and another one is less
priority supplier. Performance of these two types of supplier as well as important weight
of each company is used as the input data. The result of which supplier should be
selected from each decision matrix is compared with the judgment of buyer’s obtained
from questionnaire. If the judgments are the same, then it is count as match result. The

steps of verification is illustrated in Figure 4.17

Compare the matching between result of matrix and buyer’s judgment, the
assumption is the judgment of purchasing manager who has great experience in
purchasing and dealing with suppliers is the right decision. Because it reflect the real
decision of selecting supplier. Therefore, supplier who has the best performance must

is the one who is selected.
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Excluding skewness:

WMV =W x [Mecm}

SD

Including skewness:

WMVS =W, x
SD

Y

M)
‘“”}XSR

Y

Compare the result with
the buyer’s judgment

Compare the result with
the buyer’s judgment

v

Compare the “match” count

Figure 4.17 Validation of decision matrix

In Figure 4.17, using decision matrix which ignoring skewness, the

overall %match is 75%, on the other hand there is 25% of mismatch result. Classified

by size, the %match of medium-sized and large-sized manufacturing is about 78% and

71%, respectively. Large-sized manufacturers have larger gap of mismatch. Using the

decision matrix which include skewness into consideration, all sample companies have

the same judgment as buyer’s selection.
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Overall | 100
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Figure 4.18 Comparison between FMEA and SMSA method

The mismatch result means buyer select supplier who has lower weight score of
performance calculated from the decision matrix. The mismatch shows that the
judgment by decision matrix is different from actual judgment. Of course buyer prefers
supplier whose performance is better. In other words, the judgment from buyer is the
right judgment but the question is why the result from one decision matrix is same as
buyer’s judgment while another one is in contrast. The difference between these two
decision matrixes is skewness. Hence, skewness should not be ignored when evaluating
performance. In other words, the develop decision matrix is the practical way used to

select the most suitable supplier.

In summary this chapter analyzes the data from survey, in order to obtain
important weight of each criteria and prove that skewness effect does exist. Moreover,
the result shows that in some criteria, using mean and SD cannot distinguish between
first priority and less priority suppliers. In other words, skewness is the best index to
distinguish between favorable and unfavorable suppliers which buyers should not
neglect when evaluating suppliers. Finally, the SMSA approach which is the decision

matrix including skewness is developed in order to select supliers.
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CHAPTER 5
CONCLUSION

This chapter concludes this research as well as its implication and

recommendation for future study.

5.1 Conclusion and Discussion

. Among several activities in logistics management, this research concentrating
on supplier selection problem which is one of important decision to be made in
purchasing and procurement activity. This research has 2 objectives. One is to identify
influential criteria and their important weight of supplier selection problem for Thai
electronics industry. Another objective is to develop decision matrices for selecting

supplier based on mean-variance-skewness.

To conduct this research, the initial set of criteria are gathered from literature
review and confirmed by experts in purchasing. Totally, there are 6 main criteria with
13 sub-criteria. With many criteria involved in making a decision to select the most
appropriate supplier, this research identified important weight of each criteria by using
ANP approach. Also this research introduced the important role of skewness. In
supplier selection problem, normally buying firms choose supplier which has best
performance. But supplier with greatest expected performance or highest average
performance does not mean the most suitable one. That is to say that, actually
performance should be measured into 3 perspectives, mean, variance and skewness (M-

V-S) combined together.

From literature review, it is found that the maximum sample size from previous
study in similar topic is 60 respondents. Therefore, this research set minimum sample
size required equals to 60 sample sizes. The data was collected by 2 ways, face-to-face
interview and questionnaire. The result from both ways are not significantly different.
However, it is found that collecting data by using questionnaire required more time,
especially the part of comparison among criteria. Because when it was found that

inconsistency existed, the questionnaire was sent back to respondent to re-judge.
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Totally 77 sample sizes were collected. 53 samples are from interview whereas 24

samples are from questionnaire.

From result conclusion in Table 5.1, lead time is the highest influential factor
on supplier selection, follows by price, continuous improvement ability, capacity and
flexibility and product quality, and reliability, respectively. The results indicate the
nature of nowadays business environment which is more time sensitive and higher

responsive.

Table 5.1 Result conclusions

Rank Effect of Performance perspective
Weigh Sub-criteria M-sized buyers L-sized buyers

Mean | SD | Sk | Mean | SD | Sk
1 0.0910 | Lead time v v v v v v
2 0.0869 | Price x v x v v x
3 0.0806 | Continuous improvement ability x x v v x 4
4 0.0791 | Capacity and flexibility v x v v x v
5 0.0786 | Product quality and reliability v v 4 v v v
6 0.0766 | Technical capability x 4 v x v v
7 0.0755 | Natural risk v v 4 4 v v
8 0.0751 | Other cost v v v v x v
9 0.0750 | On-time delivery v 4 4 4 x v
10 0.0736 | Human risk v v v x v v
11 0.0711 | Green manufacturing x x v x v v
12 0.0690 | Green product and design x x 4 x v v
13 0.0678 | Collaborative development v v v v x v

In order to develop decision matrix, the existence of skewness effect is proved
prior to developing decision matrix. The data of performance evaluation between first
priority supplier and less priority was collected and analyzed. Performance are
measured in 3 characteristics, which are, mean, SD, and skewness as shown in Table
5.1. The result surprisingly shows that, in some criteria, there is no difference on mean

and SD between first priority and less priority suppliers. Only skewness does. For
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example, green manufacturing, and green product and design. Also, skewness is the
best index to distinguish between first priority and less priority suppliers, while mean
is the worst index. This result indicates that when evaluating supplier, consideration

only on mean and SD is not enough, but skewness should also be considered.

The result analysis proved that skewness of performance between first priority
and less priority suppliers are skewed to different direction. While performance of good
suppliers are skewed to the expected direction, for example, lead time is right-skewed,
performance of bad suppliers are skewed to opposite direction. This indicates that good
suppliers should have tendency to perform better than buyers’ expectation. In contrast,

bad suppliers perform worse than expectation or promised performance.

1 X X
2 X X
3 X X
= 4 X X
=)
[«5)
= 5 X X
s 6 X X
2
£ 7 X X
S 8 X X
2
= 9 X
3
& 10 X X
11 X X
12 X
13 X X
no effect moderate high no effect moderate high
Medium-sized Large-sized

Figure 5.1 Relationship between important weight ranking and skewness effect

From Figure 5.1, the vertical axis is the ranking of important weight based on
important weight in descending order. It shows that skewness effect has no relationship

between rankings. Criteria with high or low important weight are all having skewness
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effect. Some have moderated effect while some have highly effect. But there is no
significant relationship between ranking and skewness effect. However, skewness plays
more important role on suppliers’ performance of medium-sized manufacturers than

large-sized manufacturers.

Finally, this research develop decision matrix to for selecting proper supplier.
By adapting concept of FMEA (Failure Mode and Effects Analysis) which measure risk
or failure mode by determining severity, occurrence and detection of failure then
transform to RPN score. Greater RPN denotes higher chance of failure or lower
satisfaction. But instead of evaluate failure mode, this research evaluate supplier
performance based on success mode which is called Success Mode with Skewness
Analysis (SMSA) by considering performance efficiency, performance stability, and
performance tendency which is measured by mean, standard deviation, and skewness

respectively. Table 5.2 presents decision matrix proposed by this research.

Table 5.2 Decision matrix of SMSA approach

Criteria Sub-criteria Weight | Success Assessment | MVS (5) | Weight
M | SD | SR MVS
-9,
(1) @ | G | 4| g =(D)x(5)
Cost Price
Other cost
Delivery Lead time

On-time delivery

Product quality and
Quality reliability
Continuous
improvement ability
Supplier Capacity and
condition flexibility

and Technical capability

relationship Collaborative
development

Green Green

supplier manufacturing
Green product and
design

Supplier Natural risk

risk

Human risk




107

The comparison of judgment between including and excluding skewness in
consideration with the actual judgment of buyers were analyzed. The result shows that
selecting supplier including skewness into consideration i more valid. Hence, skewness
should not be ignored when evaluating performance. In other words, the develop
decision matrix is the practical way used to select the most suitable supplier. Figure 5.2

shows the decision framework for supplier selection suggested by this research.

1. Identifying influential criteria

|

2. ldentifying impbrtant weight

\4

3. Evaluating supplier performance:

deviation (SK)

(SD)

A 4

4. Indentifying
skewness rating (SR)

A 4

5. Transform Sk to SR

A 4

\ 4
A

6. Computing MVS = %(SR)

\4

7. Computing weight MVS
Weight MVS = wight x MVS

A 4

8. Select supplier

Figure 5. 2 Supplier selection framework of SMSA approach
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Compare to previous literature in supplier selection problem, the criteria set
used in this research is similar to previous study. Since it is first extracted from
Disckson’s research in 1966 then selected most widely used criteria from review. But
since this research focuses on uncertainty or criteria which could have performance
fluctuated all the time, therefore only dynamic criteria are considered in this research.
In other words, to clearly explore skewness effect, this research disregards static criteria.
It is interesting for future research to combine both of static and dynamic criteria

together.

Also, when evaluating supplier performance, previous literatures always
considered on suppliers which have high expected average performance and low
variance but neglect uncertainty or the possibility that suppliers would performance
different from expected performance. Although there is a research studied by P-S. Chen
and Wu in 2013, which suggested to consider this uncertainty when evaluating supplier
performance. In the research by P-S. Chen and Wu, they defined the uncertainty by
emphasizing on the possibility of supplier to perform worse than expected or the
possibility to be failure by applying FMEA concept. But this research is focusing on
different aspect since it emphasizes on the possibility of supplier to perform better than
expected or the possibility to be success.

Moreover, this research not only suggest to combine all 3 performance
characteristics together when evaluating supplier performance, but it also compare the
effect of each characteristic or the ability to distinguish between first priority and less
priority suppliers. The surprising result is that skewness is the best index to distinguish

between first priority and less priority suppliers, while mean is the worst index

5.2 Implication

Findings and implications from this study has two-folds. The following parts
are discussed about implications from this research in term academic contributions and

business managerial implications.
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5.2.1 Academic contribution

The most important academic contribution from this research is the discovering
and determining important role of skewness in supplier selection problem. In
circumstance which is full of uncertainties, supplier’s performance is unstable and
fluctuated throughout the period of time. In order to evaluating, nor only supplier
selection problem but also other decision problems in logistics field, researchers always
consider about mean and SD but ignoring skewness. From the result, it is found that
skewness really plays important role on supplier performance and it is the better index
which able to distinguish between favorable and unfavorable supplier than considering
only mean and SD as shown in Table 5.1. Hence, when evaluate performance, the
decision maker should consider performance skewness on top of the average and
variance (or standard deviation). This study is the empirical study of performance
evaluating of Thai electronics industry where 3 performance perspectives, average
efficiency, performance stability and performance tendency, are included in this study

Another contribution is the development of SMSA decision matrix which
consists of three performance perspectives measure by mean, standard deviation, and
skewness, and combines them together to propose new method to evaluate performance.
But instead of evaluating alternatives based on its failure mode like FMEA concept,

this research adapted to evaluate suppliers’ performance based on their success mode.

5.2.2 Business managerial Implication

The managerial implication in this research has 2 major practical implication.
One is for buyer firms, and another one is for supplier firms.

- For buyers, it is obvious that skewness has strongly impact on suppliers’
performances for both of good and bad suppliers. Therefore, to evaluate and compare
among potential suppliers, not only average performance or variance should be brought
into consideration, but buyers should also consider skewness by analyzing historical
performance of potential suppliers. To combine these 3 characteristics, the concept of

M-V-S evaluating can be implemented. This research proposed the decision matrix to
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compare supplier performance. Therefore, buyers’ firm can implement the proposed
decision matrix in order to select supplier.

- For supplier’s side, this research provide the guidance of which performance
perspective should be improved for each criteria in order to become buyer’s first
priority supplier to be selected. From the conclusion shown in Table 5.1, judging by
buyer’s point of view, it shows that there is no difference between first priority and less
priority supplier in the perspective of mean and SD in some criteria. For example,
criteria of lead time of medium-sized manufactures, all 3 perspectives have difference
between first priority and less priority suppliers. Therefore, if less priority suppliers,
want to improve themselves to become first priority supplier, they should improve their
performance for all 3 characteristics. But for criteria of continuous improvement ability,
only skewness is different between less priority and first priority suppliers. This implies
that, if less priority suppliers want to improve themselves to become first priority
supplier, they should focus on improving their skewness or the ability to provide better
performance than buyers’ expectation rather than improving average performance or
performance stability. Because skewness is only one index which can be used to

distinguish between first priority and less priority suppliers.

5.3 Limitations

1. Data variation: This research studied about supplier selection problem of
Thai electronics industry which set home electrical machine as target group. However,
due to the vast number of manufacturers in this cluster as well as several manufacturer
types existed, there is still variation within sample size. Although this research tried to
minimize the variation by grouping samples based on their company size, there are
other source of variation, for example, types of manufacturer. But in practically,
companies do not produce exactly same product as their declaration based on TSIC
(Thailand Standard Industrial Classification) number of Department of Industrial
Works, Ministry of industry. Some companies produce not only product they registered
on TSIC type but other products as well. These products are mixed between similar
products to their product line or entirely different products. While some companies have
completely changed their product line from their TSIC types but did not change their

TSIC number. Also, some large-sized company which have many manufacturing plants,
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each plant produces different product but they only registered their key product in TSIC.
Therefore, in this study only size of company are analyzed. The future research should
cover with this limitation.

2. Data collecting: In this research data collecting is conducted by 2 ways, i.e.,
interview and questionnaire. Although there is no different between the data obtained
from both ways but it is found that collecting data by using questionnaire is likely to
have more mistake and take longer time to correct. Especially in questionnaire section
1 which asking respondent to compare criteria based. In AHP approach, after getting
the comparisons, the results will be check if there is any inconsistency. For interviewing,
the inconsistency ratio can be calculated along with interviewing. . So if there is any
inconsistency, respondent will be asked to re-judgment the comparison instantly. But
using questionnaire, if the result is found that inconsistency existed in the comparison,
questionnaire will be sent back to respondent to re-judge. Then the result will be
analyzed again.

3. Bias in evaluating performance: Another issue is, there could be bias when
respondent evaluate performance of suppliers in some criteria. Especially if the time
period that supplier and buyer have been doing business together. With longer time,
buyers would have seen the changing or improvement on suppliers continuously.
Therefore, it has a chance that buyer will give higher satisfaction score to this supplier.
In the opposite, if supplier and buyer has been started doing business together for short
period, then it has a chance that buyer will give lower score to this supplier because the

improvement has not obviously occurred.

5.4 Future Research

One interesting issue that future research should consider is classification of
suppliers. In this research classifies customer into 2 types, 1) first priority supplier who
is the first option for buyer to buy product from, and 2) less priority supplier who has
least favorable and would be the last option for buyer to buy product from. The result
shows that, for less priority suppliers, number of criteria with no skewness effects of
large-sized manufacturers is greater than medium-sized manufacturers. This indicates

that, for buyers with large size, they have power over their suppliers. Therefore, they
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can force their suppliers to maintain their performance. Even suppliers cannot improve
themselves or have better performance than buyers’ expectation, but they must keep
their level of efficiency not to be lower than customers’ expectation. This implies that,
actually suppliers have 3 types, 1) first priority suppliers who have performance skewed
to the expected direction or tend to perform better than expected, 2) moderate priority
suppliers who have no skewness effect or who perform exactly as expected, and 3) less
priority suppliers who have performance skewed to the opposite direction or perform
worse than expected. Future research should also consider suppliers who have

performance in between of first priority and less priority suppliers.

Moreover, comparison between 2 suppliers essentially judged by skewness may
not be able to apply in any case. Supposed that there are 2 alternative suppliers. One
provides very short lead time at 10 days but high instability and inappropriate skewness.
Another one provides longer lead time at 45 days with very low SD, high stability and
appropriate skewness. Of course buyers prefer suppliers who would perform better than
their expectation with high stability because it is easier for buyers to make plan and
operate. But since these 2 suppliers have much different average performance, it might
be worth to select supplier who perform worse than expected. Because even this
supplier would provide longer lead time than promised lead time but it is still very
shorter than the one who perform better than expected. Therefore, there might be the
cut-off point (critical point) that separate 2 decisions. Future research should take this

issue into consideration.

From findings in this study, skewness is an index that could be used to represent
the tendency of improvement. With high skewness, suppliers seem to have higher
performance than buyers’ expectation and tend to be able to improve their performance.
In addition, by improving on skewness, sooner or later, skewed performance seems to
gradually shift to the expected direction and be able to transform to normal distribution.
Future researchers should also study if improving skewness seems to be continuously

improved firm’s performance like PDCA concept.
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