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Quality cost framework (QCF), as a measurement tool and research method, has played a significant role on quality im-
provement procedure (QIP) and recognition on economics of quality. 0e four general QCFs are usually conceptually
employed assist quality managers to measure the quality cost (QC/COQ) including PAF, intangible loss, process cost, and ABC
framework. 0e question of how to select an appropriate quality cost framework for individual organization is of great
significance for implementing quality improvement activities. Considering the effectiveness and feasibility of the alternative
solution, a novel hybrid fuzzy MCDM approach integrating fuzzy DMEATEL, an antientropy weighting technique and
FVIKOR method are employed to study the quality cost models and assist managers to select a best QCF for an auto factory.
0e combined weight from subjectivity and objectivity is embedded into fuzzy VIKOR procedure to obtain alternatives’
ranking order. 0e case study in a Chinese automaker enterprise shows high robustness of the hybrid MCDM approach, and it
assists quality mangers to perform quality cost practice. Different from the previous study, the preferred solution is the ABC
quality cost framework when feasibility dimension dominates, while the intangible loss framework shows first priority when
the organization focuses on effectiveness principle.

1. Introduction

With an increasing fierce marketing situation and multiple
products in the auto industry, quality was treated as a crucial
element and core competence for industrial organizations
[1, 2]. Auto-makers began to focus on quality improvement
programs and customer satisfactions’ enhancement by
quality tools such as total quality management (TQM), lean
six sigma (LSS), 8D, and statistical process control (SPC)
technique [3–8]. However, with continuous quality im-
provement practice (QIP), managers in self-brand auto firms
show their interests on economics of quality improvement
activities. Quality management (QM) practice, for instance,

supplier quality factor, processing technology, and proce-
dure control have proven to be an effective method to
promote quality performance [9]. As all industries exist,
quality does not come for free as it bears extra inputs and
investment. While there are few relative cost measurements
during QM practice, especially for expenditures of the
quality improvement program (QIP) in self-brand auto-
motive firms. Besides, quality costing becomes an effective
trigger and method to control quality improvement activ-
ities in the automobile industry [10].

0e purpose of QIP is to improve the product perfor-
mance with lower cost [11] to meet the requirement of
customers, which stimulates the cost of quality model
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development [12–14]. Freiesleben targeted profit maximi-
zation as the objective by taking quality investment, cost of
poor quality and revenue effect of better quality into account
instead of the cost minimization objective [15]. While the
prerequisite work of all these quality innovations is the total
quality related cost measurement, to collect quality costs an
organization needs to adopt a framework to classify costs.
0erefore, it is of great significance and urgency for man-
agers to choose an appropriate quality cost framework
(QCF) to recognize the economics of quality [11, 16].

Quality cost (QC) has proven to be an effective way for
quality improvement and cost reduction. 0e concept of
quality cost (QC), first proposed by Juran and Feigenbaum,
has been studied and applied as an effective tool for cost
reduction and quality improvement [11, 17]. Similar to the
definition of lifecycle cost (LCC), the COQ focuses on the
quality-related cost from product lifecycle perspective [18].
Cost of quality (COQ) represents the cost of not achieving
good quality. Any expenditure due to substandard quality
contributes to the cost of quality. 0e term is referred to as
“quality related cost,” “poor quality cost”, or “cost of poor
quality,” all of which focus on the failure expenditure when
the quality cannot meet the customer. Based on the defi-
nition of American Society for Quality Control (ASQC,
1971), cost of quality is a methodology that allows an or-
ganization to determine the extent to which its resources are
used for activities that prevent poor quality that appraise the
quality of the organization’s products or services, and that
result from internal and external failures [19–21].

Quality cost framework and accounting systems are part
of every modern organization’s quality improvement
strategy, and help management plan for quality improve-
ment by identifying opportunities for a greatest return on
investment. While there is no general agreement on the
definition of COQ, and the specific quality cost differs from
author to author, as well as for different industry and or-
ganization. As quality scholars and experts advocate that
quality cost framework should be tailor-made for particular
industrial organization [16]. In order to identify the quality
cost items, some organizations are trying to develop its
quality cost system based on the quality cost framework
(QCF) linking with its own financial accounting system.0e
cost items can be calculated based its specific activity and
cost parameters. 0e quality cost program is a systematic
task whose items need to be developed, modified, deleted,
and adjusted according to quality improvement practice and
the practical situation of the organization.

Because there are many conceptual quality cost frame-
works can guide the organization to develop its COQ
program, the appropriate QCF is the crucial step for its
success. Moreover, it is important for different individual
organizations to choose the most appropriate quality cost
framework for better quality management practice. Because
the quality cost framework selection is a complicated re-
search problem subjecting to multiple criteria of the indi-
vidual organization. 0e quality cost framework selection
can be regarded as a multicriteria decision-making problem
with respect to multiple conflicting criteria. 0e MCDM
theoretical models have been regarded as truimple for

dealing with the comprehensive evaluation of industrial
problems with multiple conflicting criteria [22]. Tsai initially
explored a hybrid DEMTELA-ANP model to deal with this
issue [16]. However, decision-making techniques are sub-
jectivity-oriented, and it is difficult to collect the decision
information with crisp value for the Chinese auto factories
[23, 24]. Due to lack of researches in terms of quality in-
novation on QCF selection, this paper aims at assisting
managers to evaluate and select the best quality cost
framework to fill the gap by a hybrid fuzzy multi-criteria
decision-making (MCDM) method considering the effec-
tiveness and feasibility of alternative model. Meanwhile, the
fuzzy-based method has been employed to deal with the
uncertainty and vagueness of decision information which
facilitates to the data collection for decision makers. 0is
paper aims to enhance the capacity of auto factories to
prioritize quality cost framework by a hybrid MCDM ap-
proach and address the quality cost innovation. 0e main
contributions of this paper are as follows. First, the hybrid
fuzzy multi-criteria decision-making approach integrating
fuzzy DEMATEL, anti-entropy weighting technique and
VIKOR method is employed for QCF selection, which fa-
cilitates data collection and easy implementation. Second,
the seven criteria from effectiveness and feasibility of quality
cost framework are addressed based on the barriers in COQ
model, and the criteria relationship map (CRM) is illustrated
in the two-dimension clusters. 0ird, the combined
weighting technique from subjectivity and objectivity has
been embedded into fuzzy VIKOR procedure, which makes
the approachmore flexible according to the decisionmakers’
preference.

0e rest of this paper is structured as follows. Section 2
provides the literature review on quality cost related topics.
0e hybrid MCDM approach integrating fuzzy DEMATEL,
anti-entropy weighting technique, and fuzzy VIKOR
method is employed to deal with the QCF selection in the
next section. In Section 4, a case application is presented in a
self-brand auto-factory and this paper is ended with con-
clusions in Section 5.

2. Literature Review

2.1. Development and Application of QCFs. 0e quality cost
has experienced several decades by researchers and practi-
tioner from all walks of life [21, 25–33], while the concept for
different organization or industry has been argued by many
researches, due to different considerations and specific
procedures. 0e broad concept of “economics of quality”
and “cost of quality” can be traced back to the early 1950s
[33]. After the initial researches by Feigenbaum (1956),
Juran (1951), and Crosby’s (1979) etc., the basic philosophy
of quality cost has been widely used and studied with high
agreement and appreciation [34].0e prevailing four quality
cost frameworks applied in the quality practice are pre-
vention-appraisal-failure (PAF), the intangible loss frame-
work, process cost framework and activity-based cost (ABC)
[11, 16, 33, 34] are presented in Table 1.

0e quality cost concept, first proposed in Juran’s
“quality control handbook” and in Feigenbaum’s “total
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quality control” [33]. 0e specific PAF framework is pro-
pounded and has been adopted by many researchers and
practitioners. 0ere are three categories in this cost
framework including prevention cost, appraisal cost, and
failure cost. Prevention cost consists of cost items are as-
sociated with activities launched to prevent poor quality in
products or services. Appraisal costs are related to mea-
surement, evaluation, or auditing products or service to
guarantee conformance to quality specification and per-
formance requirements. Failure cost includes cost items
leading to products or services not conforming to customer
needs from the defective’s standpoint, and it can be divided
into internal and external failure cost. 0e PAF cost
framework, as a prevailing COQ model, has been applied
into many industries for quality costing [31, 32, 48–50], and
it is also employed to optimize the quality cost and obtain the
optimal quality level [13, 40, 51–53].

With the concentration of customers’ satisfaction, loy-
alty, and brand reputation, the intangible loss cost frame-
work has been recently emphasized by extending the PAF
model. Actually, in this group of models’ intangible loss or
opportunity loss cost is incorporated into a typical P-A-F
model, which contained the revenue lost and profit not
earned due to the customer complaints. Wang owed cus-
tomer satisfaction and complaint after-sales to the intangible
loss and the traditional COQ models has been illustrated
[34]. Snieska et al. divided the hidden costs that are always
neglected and usually hardly measured caused by failed
quality, into three elements: customers’ goodwill, brand
value, and image of company [41]. As the quality cost
measurement is a systematic work which need multi-
department involvement, Yang redefined the “extra resul-
tant cost” and “estimated hidden cost” on the basis of
traditional PAF COQ model, which can be measured by
quality cost account matrix and responsible weight of each
department [45]. Liapis et al. studied intangible quality
related cost in fuel supply chain including quality deficits,
customer complaint, product mixtures, and negative im-
pacts, etc. [46]. Palikhe studied the detailed quality cost
construction considering opportunity cost in electric utility
industry based on the PAF framework [54]. 0is group of
models emphasizes the role of intangible cost within the
overall quality cost scheme and focuses on the hidden loss,
which helps quality managers to recognize the economics of
quality and its products’ performance better.

In view of a number of drawbacks of the PAF cost
framework, the process cost framework developed by
Crosby concentrated on the operation process rather than
the products or services.0e process cost framework has two
segments that are cost of conformance (COC) and cost of

un-conformance (CONC), and the quality term is treated as
“conformance to customers’ requirements.” 0e confor-
mance cost is the cost involved in making certain things are
performed right at the first time, which is similar to actual
prevention and appraisal costs, while the un-conformance
cost is the expenditure wasted when the work fails to
conform to customer requirements, calculated by recog-
nizing the cost of reworking, correcting, scrapping activities,
which is similar to failure cost. Daunorienė has studied the
COQ model from the value added chain perspective, which
provided an effective way to evaluate the quality cost of the
value added chain’s procedures [47]. Teli et al. has proven
quality cost technique to be a significant tool to reduce total
costs in the automobile industry without compromising
quality, which presents a case study on failure cost analysis
based on Crosby philosophy [50]. 0e cost items need to be
measured based on specific processes and it is influenced by
the conformance level. 0e application of process cost
framework is suggested as a preferred method for quality
costing under TQM environment due to its quick response
on quality issues [34], and it helps quality mangers to
identify the importance of process cost measurement and
ownership with a more integrated framework [33, 55].
Understanding the related process sufficiently is the first step
in quality costing program based on process cost framework;
however, the complete concise activity analysis linked with
specific process without duplication for an organization may
be time-consuming compared with PAF framework.

Even though the above three quality cost frameworks
provide management insight on quality costing based on the
economics of quality; however, it still cannot provide ap-
propriate methods to include overhead cost items. In other
words, the three frameworks are effective enough to cover
the cost items and reflect the quality actions in the con-
tinuous quality improvement procedure (CQIP), while all of
them are category philosophy lacking of feasibility and
specific calculation on overhead costs. In addition, due to the
lack of quality related data and un-conformance of tradi-
tional accounting system, the three frameworks fail to
measure the quality improvement benefits, as well as cost
elements. Activity-based costing method, first developed by
Cooper and Kaplan, filled this gap and was adopted to
identify and assign every cost activity to products and
services in an organization. It assigns more overhead ex-
penditures into dire costs and is more compatible with cost
measurement system. Jorgenson and Enkerlin [56] pre-
sented a quality cost program based on ABC framework to
identify, quantify, and allocate cost by a manufacturing
organization.0e ABCmethod is an alternative way that can
recognize the cost items, instead of a COQ model. Based on

Table 1: Four typical quality cost framework details.

Prevailing QCF Details and cost items References
A1 PAF framework Prevention + appraisal + failure cost [35–40]
A2 Intangible loss framework Prevention + appraisal + failure + hidden cost [29, 41–45]
A3 Process framework Conformance + non-conformance cost [19, 28, 46]
A4 ABC framework Value-added + non-value-added cost [30, 37, 47]
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the activity-oriented cost (ABC) framework, it is preferred
for the auto factory to eliminate the nonvalue-added ac-
tivities and invest much more effectively during its quality
improvement procedure (QIP).

0e abovementioned four quality cost frameworks have
been widely used by experts and quality practitioners. In
addition, some of the above cost frameworks have proven to
be adopted by many standard organizations as presented in
Table 2.

2.2. Criteria for QCF Selection. Even though the quality cost
framework provides an effective guidance on quality costing,
there are many barriers for the quality cost practice due to
the lack of quality related data and limited cost information,
etc. It is a prevailing phenomenon that many departments
usually ignore the importance of the quality cost reporting in
Chinese auto factories. 0e quality manager always focuses
quality improvement procedures and quality indexes such as
failure frequency (R/1000). Customer complaints and things
go wrong (TGW) indicator, ignoring economics of quality
[20, 50]. Due to the difficulty on the benefit measurement
and invisibility of the immediate improvement, financial
manager does not show much interest on quality cost
reporting. 0e less involvement and lack of management
support or absence of management interests are the barriers
in tracking such costs [20]. In addition, due to the lack of
knowledge and cost un-conformance with traditional ac-
counting system, the organization cannot perform quality
costing program based on an appropriate quality cost
framework (QCF). 0e well-organized data structure and
multi-department involvement based on the appropriate
quality cost framework can resolve the dilemma, which helps
manager to identify the cost elements and data collection
with higher efficiency. 0erefore, an appropriate QCF is the
crucial step for organizations. Based on previous studies
[16, 38, 57, 58], seven criteria from two dimensions are
categorized (illustrated in Table 3) to implement this
research.

To recognize the most suitable quality cost framework
for an organization, a hybrid fuzzy decision-making
framework is employed to deal with this problem based on
the established criteria hierarchy.

3. Fuzzy Hybrid MCDM Approach for
QCF Selection

0e purpose of this research is to select the most appropriate
quality cost framework for an automotive organization with
integrated fuzzy DEMATEL-AEW-FVIKOR approach. 0e
quality cost framework selection is regarded as a MCDM
problem subject to criteria set C � C1, C2, . . . , Cj, . . . , Cn􏽮 􏽯,
which includes decision makers
DM � DM1, DM2, . . . , DMk, . . . , DMK􏼈 􏼉 and alternative
set A � A1, A2, . . . , Ai, . . . , Am􏼈 􏼉. Suppose 􏽥xkij is the rating
of i-th alternative with respect to j-th criterion provided by
the k-th representative, which is represented by the trian-
gular fuzzy number converted from linguistic terms. In
addition, the criteria combined weight has been divided into

subjective and objective aspect. Let the relative subjective
weight is presented as ws � (ws

1, ws
2, . . . , ws

j, . . . ws
n), and the

objective weight of criteria is wo � (wo
1, wo

2, . . . , wo
j, . . . , wo

n).
0e φ index is the relative importance of subjective item, and
the criteria combined weight is wc � (wc

1, wc
2, wc

j, . . . , wc
n)

integrated with the subjectivity and objectivity. In order to
figure out the cause and effect relationship among the cri-
teria, every expert is asked to make a comparison with the
direct effect of criterion Ci on criterion Cj with linguistic
variables.0ere are five levels to express the influence degree
(Table 4) and let 􏽥pkij is the influence degree rating of criteria
Ci on criteria Cj provided by the k-th expert [59].

3.1. Fuzzy-Based Techniques. Linguistic variable has been
utilized for the multicriteria decision-making problem for
the uncertainty and vagueness of the decision information
[62, 63]. It helps to collect decision information provided by
investigated representatives and can transform the linguistic
description into mathematical information. 0e fuzzy set,
introduced by Zadeh in 1965, is an effective tool to deal with
the uncertainty and ambiguity of human judgment and
evaluation in decision-making science [60]. In practice, it is
difficult to recognize the crisp numbered information of the
investigated alternatives, which motivates the application of
fuzzy-based techniques [64, 65]. It is much better to convert
linguistic terms into qualitative fuzzy numbers [66, 67]. 0e
triangular fuzzy number (TFN) has been adopted to quantify
the corresponding linguistic term [68].

3.1.1. Triangular Fuzzy Number and Linguistic Variable

Definition 1 (Fuzzy set). Let X be the universe of discourse,
and. the fuzzy set A can be regarded as order pairs, which are
linked by a membership function that maps each element
with the number. 0e function value is the membership
degree for x. 0e fuzzy number is a particular case of a fuzzy
set, which is used to represent the vague scale ratings of the
objective.

Definition 2 According to the shape of membership func-
tion, the fuzzy numbers can be divided into several forms.
Assume triangular fuzzy number 􏽥A � (a, b, c) and its
membership function can be illustrated as Figure 1 shows.

μ
A

(x) �

(x − a)

(b − a)
, a≤ x≤ b,

(c − x)

(c − b)
, b≤x≤ c.

0, otherwise

⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩

(1)

0ere are two kinds of linguistic terms that need to be
defined for themeasurement of criteria influence description
(Table 4) and rating scales of four quality cost frameworks
with respect to each criterion (Table 5). Linguistic variables
and corresponding rating scales with TFNs are presented in
the following two tables.
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3.1.2. Fuzzy Operators and Defuzzification Method.
Assume there are two triangular fuzzy numbers
A1 � (a1, b1, c1) and A2 � (a2, b2, c2), the algebraic opera-
tions are implemented according to the fuzzy operators “⊖”

[70]. 0e common operations between these TFNs can be
formulated as follows.

Addition operator: A1⊖A2 � (a1 + a2, b1 + b2, c1 + c2)

Subtraction operator: A1⊖A2 � (a1 − a2, b1 − b2, c1 − c2)

In addition,

λA1 �
λa1, λb1, λc1( 􏼁, λ≥ 0, λ ∈ R

λc1, λb1, λa1( 􏼁, λ< 0, λ ∈ R.
􏼨 (2)

0rough the abovementioned fuzzy operators, we can
aggregate decision information provided by expert panels.
0e decision information aggregation can be formed based
on the following equation:

􏽥xij �
􏽥x
1
ij⊕􏽥x

2
ij⊕ . . .⊕􏽥xk

ij⊕ . . .⊕􏽥xK
ij􏼐 􏼑

K
. (3)

Fuzzy numbers usually require to be transferred into
crisp value for ranking and prioritization purpose, whose
process called defuzzification. 0e GMIR method was
employed to transfer the TFNs into crisp values as equation
(4) shows [71].

xij � defuzzy 􏽥xij􏼐 􏼑 �
x

L
ij + 4x

M
ij + x

U
ij

6
. (4)

3.2. Subjective Weight with the Fuzzy DEMATEL Method.
0e decision-making and trial evaluation laboratory
(DEMATEL) method, first proposed in 1976, has been used
to visualize the structure of complicated casual interactions.
It helps decision makers to recognize and portray the causes
and effects of the criteria with a diagraph map [59]. It has
proven to be a big challenge for decision makers to provide
crisp values of influence degree of the criteria. In that case,
fuzzy logic has been embedded called fuzzy DEMATEL
technique has been applied into the subjectivity weight study
to address the uncertainty, vagueness, and information leaks.
Implementation procedures of the fuzzy DEMATELmethod
are as follows [72]:

Table 2: General quality cost items by various nations.

Nations QCF category QCF items
ASQC (US) A1-PAF Prevention + appraisal + failure
BS6143 (UK) A3-process cost Conformance and non-conformance
ISO9004-1 A1-PAF Prevention + appraisal + failure
GB/T13339 (CN) A2-IL Prevention + appraisal + internal/external failure

Table 3: Specific criteria for the requirement of a beneficial COQ framework.

Dimension Criteria Detail description

D1-
effectiveness

C1 0e selected alternative should support the continuous quality improvement procedures (CQIP)
C2 0e selected alternative should contain as many COQ items as possible
C3 0e selected alternative should be applicable to all the departments of the organizations

D2-feasibility

C4 0e selected alternative should have an easy data collection and application
C5 0e selected alternative should have the clear form and type of data needed
C6 0e selected alternative should be based on the concept of production procedures
C7 0e cost item of selected alternative should be easily recognized, calculated and recorded by the organization

Table 4: Linguistic variables and corresponding TFNs for criteria
influence degree.

Linguistic variables of
influence description

Triangular fuzzy
number (TFN)

No influence (NI) (0, 0, 0.25)
Very low influence (VL) (0, 0.25, 0.5)
Low influence (L) (0.25, 0.5, 0.75)
High influence (HL) (0.5, 0.75, 1)
Very high influence (VH) (0.75, 1, 1)
Source: [59–61].

1

a b c x

M
em

be
rs

hi
p 

de
gr

ee

(x-a) / (b–a), a ≤ x ≤ b
(c-x) / (c–b), b ≤ x ≤ c
0,

μ-A(x)=
otherwise

μ (x)

Figure 1: Membership function of triangular fuzzy number (TFN).

Table 5: Linguistic variables and corresponding TFNs for alter-
native evaluation.

Linguistic variables of
influence description

Triangular fuzzy
number (TFN)

Very low/poor (VL/VP) (0, 0, 0.25)
Low/poor (L/P) (0, 0.25, 0.5)
Medium (M) (0.25, 0.5, 0.75)
High/good (H/G) (0.5, 0.75, 1)
Very high/good (VH/VG) (0.75, 1, 1)
Source: [69].
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Step 1: Initial direct influence average fuzzy matrix 􏽥P

construction
Based on the linguistic term and corresponding TFNs,
the direct influence degree 􏽥pkij � (pL

ijk, pM
ijk, pU

ijk) can
be converted that Ci on Cj by expert k. 0e diagonal
element values of matrix P should be zero based on the
definition of influence degree. After the fuzzy aggre-
gation through fuzzy operators, the elements
􏽥pij � (pL

ij, pM
ij , pU

ij) in the initial direct influence aver-
age fuzzy matrix 􏽥P can be generated as follows:

􏽥p
L
ij �

1
K

􏽘

K

k�1
p

L
kij,

􏽥p
M
ij �

1
K

􏽘

K

k�1
p

M
kij,

􏽥p
U
ij �

1
K

􏽘

K

k�1
p

U
kij,

C1 C2 . . . Cn

􏽥P � 􏽥pij􏼐 􏼑
[n×n]

�

C1

C2

...

Cn

0 􏽥p12 . . . 􏽥p1n

􏽥p21 0 . . . 􏽥p2n

. . . . . . 􏽥pij . . .

􏽥pn1 􏽥pn2 . . . 0

⎡⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

⎤⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

.

(5)

Step 2:0e normalized direct-influence fuzzy matrix 􏽥M

construction.
0e elements 􏽥mij � (mL

ij, mM
ij , mU

ij) in the normalized
direct-influence fuzzy matrix 􏽥M can be calculated
through the following equation:

􏽥mij �
􏽥pij

s
�

p
L
ij

s
,
p

M
ij

s
,
p

U
ij

s
⎛⎝ ⎞⎠ � m

L
ij, m

M
ij , m

U
ij􏼐 􏼑,

s � max
1≤i≤n

􏽘

n

j�1
p

U
ij).⎛⎝

(6)

Step 3: 0e development of the total-influence fuzzy
matrix 􏽥T.
0e total-influence fuzzy matrix 􏽥T can be obtained
from the following equation:

􏽥T � lim
k⟶∞

􏽥M⊕ 􏽥M
2⊕ . . .⊕ 􏽥M

k
􏼒 􏼓 � 􏽥M(I − 􏽥M)

− 1
,

􏽥T � 􏽥tij􏼐 􏼑
n×n

,

(7)

where 􏽥tij � (tL
ij, tM

ij , tU
ij) and

t
L
ij􏽨 􏽩 � ML × 1 − ML( 􏼁

− 1
,

t
M
ij􏽨 􏽩 � MM × 1 − MM( 􏼁

− 1
,

t
U
ij􏽨 􏽩 � MU × 1 − MU( 􏼁

− 1
,

(8)

where I is the n × n square matrix with ones on its
diagonal.
Step 4: Establishment of criteria influential relationmap.
0e sum of rows and columns are obtained from the
total-influence matrix respectively expressed as 􏽥Di and
􏽥Ri equation (9). 0e criteria in effect group and cause
group can be calculated based on the ordered pairs of
( 􏽥Di + 􏽥Ri,

􏽥Di − 􏽥Ri).

􏽥D � 􏽥Di( 􏼁n×1 � 􏽘
n

j�1

􏽥tij
⎡⎢⎢⎣ ⎤⎥⎥⎦

n×1

, 􏽥R � 􏽥Rj􏼐 􏼑1×n
� 􏽘

n

i�1

􏽥tij
⎡⎣ ⎤⎦

1×n

. (9)

According to equation (3), the fuzzy ordered pairs
( 􏽥Di + 􏽥Ri,

􏽥Di − 􏽥Ri) are defuzzified to the crisp pairs
(( 􏽥Di + 􏽥Ri)

def , ( 􏽥Di − 􏽥Ri)
def ) through GMIR method, as

well as the elements in total-influence fuzzy matrix
where ( 􏽥Di + 􏽥Ri)

def denotes the degree of the targeted
attribute role that the factor plays in the network system
and ( 􏽥Di − 􏽥Ri)

def means the net effect that the element
contributes to the network system. In order to obtain
the criteria influential relation map, the threshold value
p is established based on total-influence matrix T. Only
those influential relationships whose value is greater
than the established threshold value should be kept and
chosen in the CRM [73]. In this paper, the arithmetic
mean of all elements in matrix F is p value [16]. If
( 􏽥Di − 􏽥Ri)

def > 0, it means the criterion i has an effect on
other criteria which will belong to the cause group, and
if ( 􏽥Di − 􏽥Ri)

def < 0, the attribute i is being affected by
others, which will belong to the effect group.
Step 5: Subjective weight calculation.
Based on the following equation (10), the subjective
weight of criteria can be obtained through CRM as
ws � (ws

1, ws
2, . . . , ws

j, . . . ws
n).

wi0 � 􏽥Di + 􏽥Ri( 􏼁
def

􏼔 􏼕
2

+ 􏽥Di − 􏽥Ri( 􏼁
def

􏼔 􏼕
2

􏼠 􏼡

1/2

;

w
s
i �

wi0

􏽐
n
i�1 wi0

.

(10)

3.3. Objective Weight by Antientropy Weight (AEW)
Technique. Shannon Entropy is an effective method for
uncertain information measurement formulated in terms of
possibility theory. Liu has applied this technique into
MCDM problem for the weights acquisition [74]. Objective
weights based on entropy value can be realized through the
following stages [75].

Step 1: Normalization of the decision-making matrix.
0e elements of the matrix can be calculated according
to the following equation:

Pij �
xij

􏽐
m
i�1 xij

. (11)

Step 2: Calculation for the information entropy of each
criterion based on the following equation:
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ej � −k 􏽘
m

i�1
pijlnpij � −

1
lnm

􏽘

m

i�1
pijlnpij. (12)

Step 3: 0e objective weight of each criterion can be
obtained through the following equation:

wo
j �

1 − ej

􏽐
n
j�1 1 − ej􏼐 􏼑

. (13)

3.4. Ranking Method Based on Fuzzy VIKOR Procedure.
0e VIKOR (VlseKriterijumska Optimizacija I Kompro-
misno Resenje) method has proven to be an effective method
for multi-criteria prioritization problem [76–80]. 0e fuzzy
VIKOR is the extension VIKOR method integrated with
fuzzy-based techniques. 0e philosophy of VIKOR method
is based on the particular measure of closeness to the ideal
solution started with the following form of Lp-metric.

Lp,i � 􏽘
n

j�1

wi f∗j − fij􏼐 􏼑

f∗j − f−
j

⎡⎢⎣ ⎤⎥⎦

p⎧⎪⎨

⎪⎩

⎫⎪⎬

⎪⎭

1/p

, 1≤p≤ +∞,

i � 1, 2, . . . , m.

(14)

It can be ranked by the index to choose the compromise
solution. 0e implementation steps of FVIKOR method are
as follows [75]:

Step 1: 0e normalized difference dij calculation.
0e normalized difference dij is calculated based on the
best value f∗j and worst value f−

j in following equation.

dij �
f
∗
j − xij

f
∗
j − f

−
j

, (15)

where

f
∗
j �

max
i

xij, themore the better,

min
i

xij, the less the better,

⎧⎪⎨

⎪⎩

f
−
j �

min
i

xij, the less the bad,

max
i

xij, themore the bad.

⎧⎪⎨

⎪⎩

(16)

Step 2: Compute Si and Ri with criteria combined
weight
0e relative importance of subjective weight compared
with objectivity is φ. According to equations (10) and
(13), the combined weight of criteria
wc � (wc

1, wc
2, wc

j, . . . , wc
n) can be calculated. 0en the

maximum group utility value Si and minimum indi-
vidual regret value Ri can be obtained in equation.

Si � 􏽘
n

j�1
w

c
j dij􏼐 􏼑,

Ri � max
j

w
c
j dij􏼐 􏼑,

w
c
j � φw

s
j +(1 − φ)w

o
j.

(17)

Step 3: Calculation of the comprehensive utility value
Qi, i � 1, 2, . . . , m.

Qi � v
Si − S
∗

S
−

− S
∗ +(1 − v)

Ri − R
∗

R
−

− R
∗, (18)

where
S− � max

i
Si, S∗ � min

i
Si, R− � max

i
Ri, R∗ � min

i
Ri. In

order to reflect the attitude of decision makers, vϵ(0, 1)

represents the relative importance of maximum group
utility, while the 1-] is the relative importance of in-
dividual regret.
Step 4: Alternatives ranking based on the three index
value: S, R, andQ.0e candidateA(1) will be regarded as
the compromising solution, who has the minimum
comprehensive group utility value Q, if the following
two conditions (acceptance advantage and its stability)
can be satisfied.

4. Case Study

4.1. Background and Data Collection. A real numerical case
for the application of the hybrid MCDM approach inte-
grating the fuzzy DEMATEL, anti-entropy method, and
FVIKOR technique is presented in this section, and it has
been applied into the quality cost framework selection of an
automotive enterprise in China. 0e enterprise is a famous
vehicle-assembly firm providing vehicle products such as
cars, sport utility vehicles (SUVs), vans, and multipurpose
vehicles (MPVs). With the implementation of quality im-
provement activities (8D and Six sigma), the quality index
(PP100 and R/1000) is improved dramatically [67]. While,
there is no appropriate quality cost framework helps
managers to recognize the quality related cost and it is not
enough to identify the COQ based on the financial report. In
that case, it is of great urgency for CA Company to select the
best quality cost framework to help its manager identify the
COQ during the product whole lifecycle, especially for the
continuous quality improvement procedure.

As the previous analyzed, there are four QCF alternatives
in this study, which are evaluated from the two dimensions
(effectiveness and feasibility). Expert panels include the
quality manager, financial manager, and an expert on COQ.
In order to obtain the required data, a questionnaire is
prepared and distributed among the decision-making team,
and each representative provide a judgment with linguistic
variables for the direct influence of criteria (Table 6) and A1
alternative’s performance subject to each criterion (Table 7),
respectively.

In order to reflect the robustness of the proposed hybrid
MCDM framework, the sensitivity analysis on the decision
parameters φ and v are conducted in eleven experiment
scenarios illustrated in Tables 8 and 9. In addition, in order
to explore the best solution of the QCF under different
consideration, the relative importance of the effectiveness
(ρ) is defined with 11 experiment scenarios in Table 10.

4.2. Application of the Proposed Approach. 0e fuzzy
DEMATEL method was used to recognize interdependence
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and influence relationships among the criteria. 0e initial
fuzzy direct influence matrix provided by the three repre-
sentatives was collected by pairwise comparison in terms of
influences (Table 5) and the fuzzy average direct influence
matrix 􏽥P was calculated based on equation (5). According to
equations (6)–(9), the total-influence matrix 􏽥T was derived
and the threshold value p is established. 0e various indexes
calculation results by FDEMATEL method are presented in
Table 11 and criteria relationship map (CRM) was drawn
based on the order pairs ( 􏽥Di + 􏽥Ri)

def , ( 􏽥Di − 􏽥Ri)
def , as shown

in Figure 2. In addition, the objective weight of criteria based
on AEWmethod based on equations (12)–(14) is illustrated in
Table 11. Let φ � 0.5, the combined weights can be calculated.

According to Table 11, the criteria weight can be ob-
tained by fuzzy DEMATEL and antientropy method, which
are embedded into fuzzy VIKOR procedures. 0e S, R and Q
value and alternative ranking result can be obtained based on
equations (15)–(18) as presented in Table 12.

As can be seen in the above table, the ranking order has the
same sequence by S, R, and Q index. In addition, Q(A(2))−

Table 6: Initial direct influence degree of criteria given by representatives.

Effectiveness C1 C2 C3

C1
DM1 NI VL NI
DM2 NI L VL
DM3 NI VL VL

C2
DM1 VH NI VH
DM2 HL NI VH
DM3 HL NI HL

C3
DM1 VH L NI
DM2 L VL NI
DM3 VH NI NI

Feasibility C4 C5 C6 C7

C4
DM1 NI VL NI L
DM2 NI L VL VL
DM3 NI L VL HL

C5
DM1 HL NI L HL
DM2 VH NI VL VH
DM3 VH NI NI L

C6
DM1 HL VL NI NI
DM2 L VL NI NI
DM3 VH NI NI VL

C7
DM1 HL L VL NI
DM2 VH L HL NI
DM3 VH HL L NI

Table 7: Linguistic ratings of A1 QCF subject to criteria.

C1 C2 C3 C4 C5 C6 C7

A1-PAF
DM1 G M VP M P VP P
DM2 M P VP P M G M
DM3 P G M VP P P VP

Table 8: Group utility weight setting (11 scenarios).

SA1 SA2 SA3 SA4 SA5 SA6 SA7 SA8 SA9 SA10 SA11
v 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Table 9: Relative importance of subjective weight (11 scenarios).

SB1 SB2 SB3 SB4 SB5 SB6 SB7 SB8 SB9 SB10 SB11
φ 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Table 10: Relative importance of “effectiveness” compared with feasibility principle (11 scenarios).

SC1 SC2 SC3 SC4 SC5 SC6 SC7 SC8 SC9 SC10 SC11
ρ 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
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Q(A(1))� Q(A3)−Q(A4)� 0.42 ≥ DQ� 0.33. 0erefore, the
ABC quality cost framework (A4) is the best selection for its
satisfaction on the two conditions. 0e research result shows
high conformity with Tsai’s study that the ABC model is the
best choice for enterprise to recognize the economics of its
quality improvement procedure [16]. Besides, the ranking lists
show a high conformity with the TOPSIS-based method.

4.3. Sensitivity Analysis. 0e abovementioned analysis
shows the application of the proposed hybrid MCDM ap-
proach for the quality cost framework selection. In order to
analyze the robustness of the proposed method, the sensi-
tivity analysis is performed to understand effect on ranking
result of the decision parameters. Established experimental
scenarios are set in Tables 8–10.

4.3.1. Sensitivity Analysis on Relative Importance of Group
Utility v. 0e relative importance of group utility v reflects
the optimistic attitude, and the Q value reflects the com-
prehensive group utility of compromising solution. 0e

calculatedQ index values in different experimental scenarios
(Table 8) are presented in the following Figure 3.

As Figure 3 shows, the best QCF selection is always the
ABCmodel and the last one is PAFmodel (A1), even though
there is a little fluctuation for the specific Q values of the
middle two alternatives in different scenarios. 0e ranking
order of the four quality cost framework alternatives keeps
steady which means the group utility weight does not in-
fluence the decision result.

4.3.2. Sensitivity Analysis on Relative Importance of Sub-
jectivity φ. 0e defined decision parameter φ shows the
relative importance of subjective weight, which reflects the
weight of subjectivity in decision making. In this case, the
sensitivity analysis on parameter φ (Table 9) is conducted to
investigate the influence of subjectivity weight on the QCF
alternative ranking results. 0e obtained Q values in
established scenarios are illustrated in Figure 4.

0e above figure shows high stability of the best solution
(A4) when parameter φ varies. Similar to the sensitivity

Table 11: Criteria weight item calculation result.

( 􏽥Di + 􏽥Ri) ( 􏽥Di − 􏽥Ri) Group ws
j wo

j wc
j

C1 (0.631, 1.267, 3.750) (−1.371, −0.569, −0.514) Effect 0.099 0.140 0.119
C2 (0.780, 1.861, 6.388) (0.561, 0.772, 1.337) Cause 0.148 0.161 0.153
C3 (0.665, 1.709, 6.027) (−0.117, −0.051, 0.008) Effect 0.129 0.109 0.119
C4 (1.010, 2.352, 9.064) (−1.490, −0.780, −0.567) Effect 0.193 0.117 0.155
C5 (0.680, 1.791, 7.913) (0.121, 0.131, 0.169) Cause 0.151 0.156 0.153
C6 (0.327, 1.170, 6.472) (0.103, 0.140, 0.249) Cause 0.110 0.159 0.134
C7 (0.830, 2.039, 8.548) (0.294, 0.509, 1.120) Cause 0.171 0.158 0.164

Table 12: Four QCF alternatives ranking result based on S, R and Q value.

Alternative
0e proposed integrated framework TOPSIS-based method

S value R value Q value Ranking by S/R/Q RC value by the TOPSIS steps Ranking by RC
A1-PAFF 0.892 0.164 1 4 0.492 4
A2-ILF 0.513 0.155 0.563 3 0.523 3
A3-PF 0.370 0.153 0.420 2 0.758 2
A4-ABCF 0.319 0.119 0 1 0.952 1

C1
(1.57,-0.67)

C2
(2.44,0.83)

C3
(2.25,-0.05)

Interactions in the
effectiveness cluster C6

(1.91,0.15)

C4
(3.25,-0.86)

C5
(2.63,0.14)

C7
(2.92,0.58)

Interactions in the
feasibility cluster

Di - Rj Di - Rj

Di + Rj Di + Rj

Figure 2: Criteria relationship map (CRM) in the two dimension clusters.
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analysis result of parameter v, the Q value of the middle two
alternatives in established 11 scenarios keep a slight fluc-
tuation which does not influence the ranking order.

4.3.3. Sensitivity Analysis on the Relative Importance of Ef-
fectiveness Dimension ρ. 0e decision parameter ρ reflects
the attitude and validity of the representatives when the
enterprise wants to select an appropriate quality cost
framework.0e conflict and paradox of the COQmodel and
traditional cost framework exist due to their unconformity.
It is difficult for an organization to choose a best QCF with
the two dimensions into consideration. In this part, the aim
of sensitivity analysis is to explore the best solution variation
when the firm focused on the different dimension.

As can be seen in the above Figure 5, the PAF quality cost
framework is always the last alternative solution compared
with other three ones. While the Q index values and ranking
orders of other three alternatives fluctuate dramatically.
When ρ≤ 0.5, the organization focuses on the feasibility of
quality cost framework, and the best solution is ABC model
catered to Tsai’s research. However, when ρ> 0.5, the in-
tangible loss quality cost framework shows its priority than
other three alternatives due to the dominance of effective-
ness dimension of QCF.

4.4. Discussion and Management Insight. 0e sensitivity
analysis on the three decision parameters has been con-
ducted to analyze the robustness of the proposed hybrid
MCDM method. 0e analysis result shows that the best

solution keeps a stable priority in terms of parameter v or φ.
However, best selection shifts from A4 to A2 with the in-
creasing of parameter ρ. It is very interesting to find the
different research conclusion compared with Tsai’s research
that the ABC model priors to other alternatives when the
organization focuses on the feasibility of quality cost
framework, while the intangible cost model shows its pri-
ority when it concentrates on effectiveness dimension.When
the CA organization focus on the effectiveness dimension of
quality cost framework, the intangible cost framework is
more appropriate.

0e best solution change means Chinese companies
tend to focus on the importance of the hidden cost due to
product unconformity, customer complaints and repu-
tation loss, since they want to take these intangible cost
items into consideration in its quality cost framework and
costing report. However, it is really very difficult to
quantify the cost item for either PAF model or intangible
cost framework for manufacturing firms. Even some
published papers have been studied on the quality cost
calculation, the specific application was usually based on
the organization’s particular requirement. 0e QCF se-
lection is a team task with all related departments in-
volvement, and this paper presented a systematic
procedure to establish an appropriate QCF integrating
decision information from multigroups. 0e manager can
select the appropriate quality cost framework based on the
practical consideration of the organization. Actually, as
Schiffauerova and 0omson studied [11], the quality cost
framework alternative is only just a basic concept and the
concrete costing systems or costing report still differ from
company to company.

From the case application of the investigated organi-
zation in this paper, there occur two kinds of best solution,
one is the ABC model and the other is the intangible loss
framework. 0e intangible loss quality cost framework is the
best choice when decision makers pay more attention on
effectiveness principle and it can illustrate the quality related
cost item from prevention, appraisal and failure term, as well
as the hidden cost, which provides and extensive looking.
While the best choice is the activity-oriented cost (ABC)
measurement method when decision makers focus on fea-
sibility dimension more, and it can help manager to in-
vestigate specific cost item. 0e new quality cost framework

0.0
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Figure 3: Sensitivity analysis on group utility weight v.
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from lifecycle and COQ dimension would be welcomed for
both effectiveness and feasibility.

5. Conclusions

0is paper employed a hybrid fuzzy multicriteria approach
for quality cost framework selection from the typical four
alternatives (PAF, intangible cost, process cost, and ABC),
which helps the quality manager to develop quality cost
practice based on appropriate QCF. 0e case study by the
hybrid fuzzy MCDM approach integrating fuzzy DEMA-
TEL, anti-entropy weighting technique, and fuzzy VIKOR
method shows high robustness and flexibility on decision
parameters. In addition, the fuzzy-based technique has been
adopted to facilitate the decision makers to collect decision
information. According to the model result, it caters to Tsai’s
study when the organization concentrates on feasibility
principle, while the intangible loss cost framework shows the
top priority when decision makers pay more attention to
effectiveness for CA organization. 0is hybrid fuzzy MCDM
approach shows its advantage on the flexibility of decision
making and easy implementation due to the combined
weighting technique and fuzzy method, and the auto-factory
can perform quality costing practice based on this selection
model. However, this study carries some limitations. First,
the influential criteria can be extended based on different
organizational industries by considering specific charac-
teristics of individual requirements. Second, the decision-
making information mainly comes from the judgements of
experienced expert panels, and the big data driven tech-
niques can be developed to make full use of operational
information of objective firms. Finally, the AI-based deci-
sion-making framework could be explored to achieve smart
determination and reduce the subjectivity.
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[5] G. Büyüközkan and D. Öztürkcan, “An integrated analytic
approach for Six Sigma project selection,” Expert Systems with
Applications, vol. 37, no. 8, pp. 5835–5847, 2010.

[6] F. Talib, Z. Rahman, and M. N. Qureshi, “Prioritising the
practices of total quality management: an analytic hierarchy
process analysis for the service industries,” Total Quality
Management and Business Excellence, vol. 22, no. 12,
pp. 1331–1351, 2011.

[7] H. van de Water and J. de Vries, “Choosing a quality im-
provement project using the analytic hierarchy process,”
International Journal of Quality & Reliability Management,
vol. 23, no. 4, pp. 409–425, 2006.

[8] F. Zhou, M. K. Lim, Y. He, and S. Pratap, “What attracts
vehicle consumers’ buying,” Industrial Management & Data
Systems, vol. 120, no. 1, pp. 57–78, 2019.

[9] S. Parvadavardini, N. Vivek, and S. R. Devadasan, “Impact of
Quality Management Practices on Quality Performance and
Financial Performance: Evidence from Indian Manufacturing
Companies,” Total Quality Management & Business Excel-
lence, vol. 27, pp. 1–24, 2015.

[10] G. Giakatis and E. M. Rooney, “0e use of quality costing to
trigger process improvement in an automotive company,”
Total Quality Management, vol. 11, no. 2, pp. 155–170, 2000.

[11] A. Schiffauerova and V. 0omson, “A review of research on
cost of quality models and best practices,” International
Journal of Quality & Reliability Management, vol. 23, no. 6,
pp. 647–669, 2006.

[12] H. Zaklouta, Cost of Quality Tradeoffs in Manufacturing
Process and Inspection Strategy Selection, Massachusetts In-
stitute of Technology, Cambridge, MA, USA, 2011.

[13] C. Lim, H. D. Sherali, and T. S. Glickman, “Cost-of-Quality
optimization via zero-one polynomial programming,” IIE
Transactions, vol. 47, no. 3, pp. 258–273, 2014.

[14] F. Zhou, X. Wang, M. Goh, L. Zhou, and Y. He, “Supplier
portfolio of key outsourcing parts selection using a two-stage
decision making framework for Chinese domestic auto-
maker,” Computers & Industrial Engineering, vol. 128,
pp. 559–575, 2019.

[15] J. Freiesleben, “0e economic effects of quality improvement,”
Total Quality Management and Business Excellence, vol. 16,
no. 7, pp. 915–922, 2005.

[16] W.-H. Tsai and W. Hsu, “A novel hybrid model based on
DEMATEL and ANP for selecting cost of quality model
development,” Total Quality Management and Business Ex-
cellence, vol. 21, no. 4, pp. 439–456, 2010.

Computational Intelligence and Neuroscience 11



[17] G. H. Hwang and E. M. Aspinwall, “Quality cost models and
their application: a review,” Total Quality Management, vol. 7,
no. 3, pp. 267–282, 1996.

[18] F. Zhou, Y. He, P. Ma, M. K. Lim, and S. Pratap, “Capacitated
disassembly scheduling with random demand and operation
time,” Journal of the Operational Reserach Society, 2021.

[19] S. Jiafu, Y. Yu, and Y. Tao, “Measuring knowledge diffusion
efficiency in R&D networks,” Knowledge Management Re-
search and Practice, vol. 16, no. 2, pp. 208–219, 2018.

[20] V. E. Sower, R. Quarles, and E. Broussard, “Cost of quality
usage and its relationship to quality system maturity,” In-
ternational Journal of Quality & Reliability Management,
vol. 24, no. 2, pp. 121–140, 2007.

[21] P. D. Arenas, Quality Costs Analysis in the Service Sector_ an
Empirical Study of the Colombian Banking System, CON-
CORDIA UNIVERSITY, Austin, Texas, 2014.

[22] S. Wan and Y. Zheng, “Supplier selection of foreign trade
sourcing company using ANP-VIKOR method in hesitant
fuzzy environment,” Industrial Engineering & Management,
vol. 4, no. 3, pp. 163–171, 2015.

[23] X. Huang, Y. Lin, F. Zhou, K. L. Ming, and S. Chen, “Agent-
based modelling for market acceptance of electric vehicles:
evidence from China,” Sustainable Production and Con-
sumption, vol. 28, 2021.

[24] F. Zhou, P. Ma, Y. He, S. Pratap, P. Yu, and B. Yang, “Lean
production of ship-pipe parts based on lot-sizing optimization
and PFB control strategy,” Kybernetes, vol. 50, no. 5,
pp. 1483–1505, 2021.

[25] J. M. Asher, “Cost of quality in service industries,” Interna-
tional Journal of Quality & Reliability Management, vol. 5,
no. 5, pp. 38–46, 1988.

[26] G.-H. Hwang and E. M. Aspinwall, “0e development of a
quality cost model in a telecommunications company,” Total
Quality Management, vol. 10, no. 7, pp. 949–965, 1999.

[27] M. A. Johnson, “0e development of measures of the cost of
quality for an engineering unit,” International Journal of
Quality & Reliability Management, vol. 12, no. 2, pp. 86–100,
1995.

[28] A. R. Pires, A. Cociorva, M. Saraiva, J. C. Novas, and Á. Rosa,
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