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Market segment selection and evaluation are critical marketing activities of all companies.
To evaluate and select appropriate market segments, several decision makers and criteria
must be involved in the decision process. This study proposes a new integrated fuzzy
quality function deployment (QFD) to support the market segment selection and evalua-
tion process. The proposed approach identifies the features that the market segments
should have (‘‘WHATs’’), in order to fit with the company’s business strengths (‘‘HOWs’’).
In the proposed approach, the relative importance of the ‘‘WHATs’’, the ‘‘HOWs’’–‘‘WHATs’’
correlation scores, the resulting weights of the ‘‘HOWs’’, and the impact of each potential
market segment, are assessed in linguistic values. The functions of the averaged ratings and
averaged weights are then defined, and fuzzy TOPSIS is used to obtain the final ranking of
alternatives. The computational procedure of the proposed approach is further illustrated
through a case study. Finally, this paper compares the proposed approach with another
fuzzy QFD approach, demonstrating the advantages of the proposed approach.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

Market segment selection and evaluation play important roles in increasing company competitiveness. In evaluating dif-
ferent market segments, many potential criteria and decision makers must be considered during the selection procedure,
and the outcomes of any choice are uncertain. Consequently, segment selection can be viewed as a highly complex and
messy problem [1]. Wind [2] referred to the selection process as a complex ‘‘art’’ to be performed by management, which
should take into account factors such as reachability, competitive activity, and ability to implement. Wind and Thomas
[3] determined the segment attractiveness using Kotler’s [4] criteria, including measurability, substantiality, accessibility,
and actionability. These criteria are translated into numerous other criteria, such as segment size, segment growth, segment
structural attractiveness, expected segment profitability, and risk. Nevertheless, existing literature offers only sparse
guidelines on how to evaluate and select segments, or focus on the design of segmentation studies and different approaches
for grouping customers [5].

Numerous studies in the literature have investigated segment evaluation and selection [5–14]. Freytag and Clarke [5]
presented a set of factors for the evaluation of segments, such as the expected demands on the company, the potential profit
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compared with the related risk, the competition, the ability to reach buyers in the market, technology, ability to gain a com-
petitive advantage, and governmental and public moves. Market segments evaluation and selection may therefore be viewed
as a multiple criteria decision making (MCDM) problem. Most market segment selection and evaluation criteria are generally
evaluated by human judgment, and the evaluation is consequently subjective [11].

Tsai et al. [6] developed a novel market segmentation methodology based on product specific variables such as purchased
items and associated monetary expenses from customer transactional history, to resolve these problems. Lee et al. [7] pro-
posed a practical evaluation tool for destination marketers to evaluate travel market segments in terms of the expected eco-
nomic return on each identified segment. Chiu et al. [8] proposed a market segmentation system based on the structure of
decision support systems, integrating conventional statistical analysis method and intelligent clustering methods such as
artificial neural networks, and a particle swarm optimization method. Ou et al. [9] applied a five forces analysis to evaluate
and select market segments for international business using a strategy-aligned fuzzy approach. Xia et al. [10] presented an
innovative method for tourist market segmentation based on dominant movement patterns of tourists. Aghdaie et al. [11]
proposed a hybrid fuzzy MCDM approach for the evaluation and selection of market segments. Hanafizadeh and Mirzazadeh
[12] presented an approach which integrates a fuzzy Delphi method, self-organizing maps, and a visualization technique, to
cluster customers according to their various characteristic variables, and visualize segments by producing colorful market
maps. Nkurunziza et al. [13] adopted the stages of change model to identify potential cycling market segments, and to ana-
lyze and profile each of the market segments based on socio-economic factors, current travel behavior, attitudes, perceptions
and motivations. Chan et al. [14] proposed an integration of a fuzzy compression technique for multi-dimension reduction,
and a fuzzy clustering technique to perform market segmentation based on consumer requirements.

In recent years, fuzzy QFD has become a widely used quality tool developed to satisfy customer need in product design
and development. Fuzzy QFD provides a mean of translating customer requirements into appropriate technical requirement
for each stage of product development and production. In line with the multidimensional characteristics of market segments,
fuzzy QFD provides an effective framework for market segment comparison involving the evaluation of multiple criteria.
Research on fuzzy QFD has received a certain amount of attention. Some recent applications can be found in [15–24]. How-
ever, the procedure of most existing QFD approaches is not clearly developed.

In order to defuzzify the fuzzy numbers into crisp values, Facchinetti et al. [25] proposed an approach similar to Yager’s
[26] method for ranking fuzzy numbers. Several papers in the literature [15,17,27–29] involve fuzzy QFD theory and appli-
cations using Facchinetti et al.’s [25] and Yager’s [26] ranking approach. However, Ramli and Mohamad [30] indicated that
the ranking approach proposed by Yager [26] had some shortcomings. In addition, Chen et al. [31] mentioned that most
ranking methods are not suitable in fuzzy QFD, for the reason that when the relative weights of customer requirements
and the relationship measures between customer requirements and technical attributes are expressed as fuzzy numbers, cal-
culating the importance of each technical attribute falls into the category of fuzzy weighted average, in which the derived
membership function of the fuzzy importance of each technical attribute is not explicitly known [31]. This paper therefore
applies a fuzzy technique for order performance by similarity to ideal solution (TOPSIS), [32] which has been a popular tech-
nique for solving MCDM problems to obtain the final ranking of alternatives. The fundamental idea of TOPSIS is that the cho-
sen alternative should have the shortest distance from the positive-ideal solution, and the farthest distance from the
negative-ideal solution. Some recent applications can be found in [33–38].

As a result, this study proposes a novel integrated fuzzy QFD for supporting the market segment selection and evaluation
process. In the proposed approach, the relative importance of the ‘‘WHATs’’, the ‘‘HOWs’’–‘‘WHATs’’ correlation scores, the
resulting weights of the ‘‘HOWs’’, and the impact of each potential market segment, are assessed in linguistic values. The
normalized averaged ratings are then determined. Next, fuzzy TOPSIS is used to obtain the final ranking of alternatives. A
case study is further used to illustrate the computational procedure of the proposed approach. Finally, this paper compares
the proposed approach with another fuzzy QFD approach, demonstrating the advantages of the proposed approach.

The remainder of this paper is organized as follows. Section 2 proposes a new integration of fuzzy QFD and fuzzy TOPSIS.
The applicability and advantages of the proposed approach is illustrated through a case study in Section 3. Section 4 com-
pares the proposed method with another fuzzy QFD method. Finally, conclusions are drawn in Section 5.

2. Proposed integrated fuzzy QFD approach

The proposed approach is based on the translation of house of quality principles from the product development field, to
the needs of competitive strategic management for market segment selection. While the traditional house of quality corre-
lates customer requirements ‘‘WHATs’’ with engineering characteristics of a new product under development ‘‘HOWs’’, in
our approach customer requirements in terms of market segment assessment ‘‘WHATs’’ are crossed over with the company’s
business strengths ‘‘HOWs’’. The procedure of the proposed approach is described in these steps:

Step 1: Identifying the market segments assessment ‘‘WHATs’’.
Step 2: Identifying the company’s business strengths ‘‘HOWs’’.
Step 3: Determining the relative importance of the ‘‘WHATs’’.
Step 4: Determining the ‘‘WHATs’’–‘‘HOWs’’ correlation scores.
Step 5: Determining the weight of the ‘‘HOWs’’.
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Step 6: Determining each potential market segments’ impact on the attributes considered ‘‘HOWs’’.
Step 7: Normalizing the averaged ratings.
Step 8: Determining the normalized weighted rating.
Step 9: Determining the fuzzy positive and negative ideal solution and the distances of each market segment.
Step 10: Determining the closeness coefficient to obtain the final ranking of market segment.

2.1. Identifying the market segments assessment ‘‘WHATs’’

Many studies in strategic marketing have identified the criteria for market segment assessment. However, most existing
studies merely evaluate the sales potential, attractiveness, or stability of individual segments, and fail to consider the needs
of competitive strategic management [9]. By reviewing carefully the market segment selection and evaluation literature, and
expert opinion, this study identifies five criteria that are crucial to market segment assessment, including segment growth
rate, expected profit, competitive intensity, capital required, and level of technology utilization [9,39].

2.2. Identifying the company’s business strengths ‘‘HOWs’’

Through a careful review of the strategic and marketing management literature and expert opinion, this study identifies
four crucial criteria to the company’s business strengths assessment, including relative cost position, delivery reliability,
technological position, and management strength and depth. Obviously these criteria do not provide an absolute description
of all viable criteria that could be considered when perceived company’s business strengths must be assessed. Criteria could
be either added or removed, depending on circumstances. However, our paper strives to introduce a new methodology that
can integrate a company’s business strengths with market segment assessment, rather than formalizing an exhaustive
framework of factors affecting company’s business strengths, which have been addressed widely by existing strategic and
marketing management literature [16].

2.3. Determining the relative importance of the ‘‘WHATs’’

Let wit = (ait, bit, cit), i = 1, . . ., k, t = 1, . . ., n be the weights assigned by decision makers Dt to ‘‘WHATs’’ criteria Ci. The aver-
aged weight wi = (ai, bi, ci) of criterion Ci assessed by the committee of n decision makers can be evaluated as:
wi ¼ ð1=nÞ � ðwi1 �wi2 � � � � �winÞ; ð1Þ
where ai ¼ ð1=nÞ
Pn

t¼1ait ; bi ¼ ð1=nÞ
Pn

t¼1bit; ci ¼ ð1=nÞ
Pn

t¼1cit . The fuzzy sets theory and operations used in the present work
on triangular fuzzy numbers are presented in Appendix A.

2.4. Determining the ‘‘WHATs’’–‘‘HOWs’’ correlation scores

Let rijt = (dijt, eijt, fijt), i = 1, . . ., k, j = 1, . . ., m, t = 1, . . ., n, be the suitability rating assigned by decision maker Dt, for
‘‘WHATs’’ criteria Ci and ‘‘HOWs’’ criteria Cj. The averaged suitability rating rij = (dij, eij, fij), can be evaluated as:
rij ¼ ð1=nÞ � ðrij1 � rij2 � � � � � rijnÞ; ð2Þ

where dij ¼
1
n

Xn

t¼1

dijt; eij ¼
1
n

Xn

t¼1

eijt; and f ij ¼
1
n

Xn

t¼1

f ijt:
2.5. Determining the weights of the ‘‘HOWs’’ criteria

The weights of the ‘‘HOWs’’ are calculated by averaging the aggregate weighted rij correlation scores with the aggregate
weights of the ‘‘WHATs’’ wi as follows [15]:
Wj ¼
1
k
� ½ðrj1 �w1Þ � � � � � ðrjk �wkÞ�: ð3Þ
2.6. Determining each potential market segments’ impact on the attributes considered ‘‘HOWs’’

Let SRhjt = (ghjt, hhjt, khjt), h = 1, . . ., s, j = 1, . . ., m, t = 1, . . ., n, be the suitability rating assigned to market segments Ah, by
decision maker Dt, for ‘‘HOWs’’ criteria Cj. The averaged suitability rating SRhj = (ghj, hhj, khj), can be evaluated as:
SRhj ¼ ð1=nÞ � ðsrhj1 � srhj2 � � � � � srhjnÞ; ð4Þ

where ghj ¼
1
n

Xn

t¼1

ghjt; hhj ¼
1
n

Xn

t¼1

hhjt; andkhj ¼
1
n

Xn

t¼1

khjt:
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2.7. Normalizing the averaged ratings

In this paper, the ‘‘HOWs’’ criteria are classified into benefit (B) and cost (C) criteria. A benefit criterion has the character-
istic ‘‘the larger the better’’. The cost criterion has the characteristic ‘‘the smaller the better’’. To ensure compatibility between
averaged ratings and averaged weights, the averaged ratings and weights are normalized into comparable scales. Suppose
xhj = (ohj, phj, qhj) is the performance of alternative h on criteria j. The normalized value xhj can then be denoted as [40]:
xhj ¼
ohj

q�j
;
phj

q�j
;
qhj

q�j

 !
; j 2 B; ð5Þ

xhj ¼
o�j
qij
;
o�j
pij
;
o�j
oij

 !
; j 2 C; ð6Þ

where o�j ¼min
i

oij; q�j ¼max
i

qij; h ¼ 1; . . . ; s; j ¼ 1; . . . ;m:
2.8. Determining the normalized weighted rating

The normalized weighted ratings Gh are calculated by multiplying the normalized averaged suitability rating SRhj with its
associated weights Wj as follows [15]:
Gh ¼
1
m
� ½ðSRh1 �W1Þ � � � � � ðSRhm �WmÞ�; h ¼ 1; . . . ; s; j ¼ 1; . . . ;m: ð7Þ
2.9. Determining Sþ; S�; dþh and d�h

The fuzzy positive-ideal solution (FPIS, S+) and fuzzy negative-ideal solution (FNIS, S�) are obtained as follows:
Sþ ¼max
h
fGhg; ð8Þ

S� ¼min
h
fGhg: ð9Þ
The distances of each alternative Sh, h = 1, . . ., s from S+ and S� are calculated as:
dþh ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXn

j¼1

Gh � Sþ
� �2

vuut ; ð10Þ

d�h ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXn

j¼1

ðGh � S�Þ2
vuut ; ð11Þ
where dþh represents the shortest distance of alternative Sh, and d�h represents the farthest distance of alternative Sh.

2.10. Determining the closeness coefficient

The closeness coefficient of each alternative, which is usually defined to determine the ranking order of all alternatives, is
calculated as:
CCh ¼
d�h

dþh þ d�h
: ð12Þ
A higher value of the closeness coefficient indicates that an alternative is closer to PIS and farther from NIS simulta-
neously. The closeness coefficient of each alternative is used to determine the ranking order of all alternatives and identify
the best one among a set of given feasible alternatives.

3. Case study

Thuan Yen JSC, which is located in northern Vietnam, is a small sized trading service and transportation company. The
company currently has 80 employees, with more than 50 different sizes of trucks. With 10 years’ experience in providing
trading and transportation services, the company has set up a customer network in domestic markets (i.e., Son La, Da Nang,
Ho Chi Minh, Binh Duong, and Ca Mau), and international markets (i.e., Cambodia, Lao, and China). The company’s main



L.Q. Dat et al. / Applied Mathematical Modelling 39 (2015) 3653–3665 3657
customers are Viet Nam Education Publishing House, Viettel Construction Engineering Limited Company, NoiBai Interna-
tional Airport, etc.

Due to increase in customer demand, the company’s managers intend to expand their business in both domestic and
international markets. However, the managers of this company have confused the issue concerning how to select market
segments to maximize their profit. In other words, they were eager to know the key factors which could affect the market
segment selection process. In order to help the company select the most suitable segment and test the efficacy of the pro-
posed method, the proposed approach was applied to the process of evaluating and selecting market segments for this com-
pany. The data used as input to implement the proposed market segments section method, were collected by means of semi-
structured interviews with the top managers and head of departments. Five company decision makers were required to
make their evaluation separately, according to their preferences for ‘‘WHATs’’, ‘‘HOWs’’, and ‘‘WHATs–HOWs’’.

The entire market segment selection procedure was characterized by the following steps:

Step 1: Determining the market segments assessment factors (‘‘WHATs’’) and aggregating the importance weights of
‘‘WHATs’’.

Step 2: Determining the company’s business strengths factors ‘‘HOWs’’ and aggregating the ‘‘HOWs’’–‘‘WHATs’’ correla-
tion scores.

Step 3: Aggregating the importance weights of ‘‘HOWs’’.
Step 4: Determining each potential market segments’ impacts on the attributes considered ‘‘HOWs’’.
Step 5: Normalizing the averaged ratings and weights of the ‘‘HOWs’’.
Step 6: Determining the normalized weighted ratings.
Step 7: Determining the fuzzy positive and negative ideal solution and the distances of each market segments.
Step 8: Determining the closeness coefficient and ranking order of each market segment.

The steps 1, 2, and 4 have been made by company’s managers (four decision-makers, i.e. D1, D2, D3, and D4), without any
intervention from the authors. Steps 3, 5–8 have been calculated using the proposed model on a spreadsheet, in order to
enable integration at the company in question.
3.1. Determining the market segments assessment factors (WHATs) and aggregating the importance weights of ‘‘WHATs’’

At this point, the market segment assessment factors were used as the ‘‘WHATs’’, and the relative importance of the var-
ious market segments assessment factors determined by means of measuring customer needs and current performance of
the company in the markets. Following a survey of the literature and discussions with company’s top managers and head
of departments, five market segment assessment factors were chosen, including segment growth rate (C1), expected profit
(C2), competitive intensity (C3), capital required (C4), and level of technology utilization (C5).

After the determination of the market segment assessment factors, each of the five participants established the level of
importance of each ‘‘WHATs’’ by means of a linguistic variable. An important weight set of Q was used to express opinions on
a group of attributes: Q = {UI, LI, I, MI, VI}, where UI = Unimportant = (0.0, 0.1, 0.3), LI = Less Important = (0.2, 0.3, 0.4),
I = Important = (0.3, 0.5, 0.7), MI = More Important = (0.6, 0.8, 0.9), and VI = Very Important = (0.8, 0.9, 1.0). The importance
weights assigned by the participants were aggregated using the average operator, as calculated by Eq. (1). The outcome of
this stage is shown in Table 1.
3.2. Determining the company’s business strengths factors ‘‘HOWs’’ and aggregating the ‘‘HOWs’’–‘‘WHATs’’ correlation scores

At this point, the company’s business strengths factors were used as the ‘‘HOWs’’ in QFD matrix. Following a survey of the
literature and discussions with company’s top managers and head of departments, four company business strengths criteria
were selected, including relative cost position (H1), Delivery reliability (H2), technological position (H3), and management
strength and depth (H4).

After the determination of the market segments assessment factors, each member of the group of four experts analyzed
the match between the market segments assessment and the company’s business strengths factors (‘‘WHATs’’–‘‘HOWs’’),
and expressed opinions on the correlation scores of the market segments assessment and the company’s business strengths
factors, using linguistic variables. A linguistic rating set of U was used to express opinions on a group of attributes: U = {VL, L,
M, H, VH}, where VL = Very Low = (0.0, 0.1, 0.2), L = Low = (0.1, 0.3, 0.5), M = Medium = (0.4, 0.5, 0.7), H = High = (0.5, 0.7, 0.9),
and VH = Very High = (0.8, 0.9, 1.0). The aggregated ratings of ‘‘HOWs’’–‘‘WHATs’’ assigned by the participants was
aggregated using the average operator, as calculated by Eq. (2). The outcome of this stage is shown in Table 2.
3.3. Aggregating the importance weights of ‘‘HOWs’’

The fuzzy value for weight of each attribute ‘‘HOW’’ can be obtained using formula (3), as shown in Table 3.



Table 1
The importance weights of the ‘‘WHATs’’ factors and their aggregated weights.

‘‘WHATs’’ Decision makers wi

D1 D2 D3 D4 D5

C1 MI I MI I I (0.42, 0.62, 0.78)
C2 VI VI MI VI VI (0.72, 0.86, 0.96)
C3 MI I I MI MI (0.48, 0.68, 0.82)
C4 I I I I I (0.3, 0.5, 0.7)
C5 MI I I I I (0.36, 0.56, 0.74)
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3.4. Determining each potential market segments’ impacts on the attributes considered ‘‘HOWs’’

Using Eq. (4), the suitability rating of each ‘‘HOWs’’ factor on three market segments based on five participants and its
averaged value can be obtained as shown in Table 4.

3.4.1. Normalizing the averaged ratings and weights of the ‘‘HOWs’’
For simplicity and practicality, all of the fuzzy numbers in this paper are defined in the closed interval [0,1]. Conse-

quently, the normalization procedure is no longer needed.

3.4.2. Determining the normalized weighted rating
Using Eq. (7), the normalized weighted ratings Gh can be obtained as shown in Table 5.

3.4.3. Determining Sþ; S�; dþh and d�h
As shown in Table 6, the distance of each alternative from S+ and S- can be calculated by Eqs. (8)–(11).

3.4.4. Determining the closeness coefficient and ranking order of each market segment
The closeness coefficients of market segments can be calculated by Eq. (12), as shown in Table 7. The results show that the

market segment S1, with the largest closeness coefficient value, is defined as the best alternative for this company. Therefore,
the ranking order of the three market segments is S1 � S3 � S2.

4. Comparison of the proposed method and another fuzzy QFD method

This section compares the proposed approach with another fuzzy QFD approach to demonstrate its advantages and appli-
cability. It reconsiders the example investigated by Bevilacqua et al. [15], in which a medium-to-large enterprise that man-
ufactures complete clutch coupling desires to select and evaluate their clutch plate suppliers, which are evaluated by a
Table 2
The linguistic values and aggregated fuzzy rating of ‘‘HOWs’’–‘‘WHATs’’.

‘‘HOWs’’ ‘‘WHATs’’ Decision makers rij

D1 D2 D3 D4 D5

H1 C1 H H VH H H (0.56, 0.74, 0.92)
C2 VH VH VH H H (0.68, 0.82, 0.96)
C3 H H H VH VH (0.62, 0.78, 0.94)
C4 M H M M H (0.44, 0.58, 0.78)
C5 H H H H H (0.5, 0.7, 0.9)

H2 C1 M M M M M (0.4, 0.5, 0.7)
C2 H H VH H H (0.56, 0.74, 0.92)
C3 H H H VH VH (0.62, 0.78, 0.94)
C4 M M M M M (0.4, 0.5, 0.7)
C5 H H M M H (0.46, 0.62, 0.82)

H3 C1 L M L M M (0.28, 0.42, 0.62)
C2 H H VH VH H (0.62, 0.78, 0.94)
C3 VH VH VH VH VH (0.8, 0.9, 1.0)
C4 H H H H H (0.5, 0.7, 0.9)
C5 M H H M H (0.46, 0.62, 0.82)

H4 C1 M M M M M (0.4, 0.5, 0.7)
C2 H VH H H H (0.56, 0.74, 0.92)
C3 H H H VH VH (0.62, 0.78, 0.94)
C4 H H M M H (0.46, 0.62, 0.82)
C5 L M L L M (0.22, 0.38, 0.58)



Table 3
Aggregating the importance weights of ‘‘HOWs’’.

Criteria Wj

H1 (0.267, 0.475, 0.724)
H2 (0.231, 0.415, 0.659)
H3 (0.253, 0.448, 0.689)
H4 (0.217, 0.400, 0.641)

Table 4
The aggregated ratings of each ‘‘HOWs’’ factors on three market segments.

‘‘HOWs’’ Segments Decision makers SRhj

D1 D2 D3 D4 D5

H1 S1 M M H H M (0.44, 0.58, 0.78)
S2 M M M M L (0.34, 0.46, 0.66)
S3 M H H H H (0.48, 0.66, 0.86)

H2 S1 H H H VH VH (0.62, 0.78, 0.94)
S2 M H H M H (0.46, 0.62, 0.82)
S3 H H H H H (0.5, 0.7, 0.9)

H3 S1 H H VH H VH (0.62, 0.78, 0.94)
S2 H H M M H (0.46, 0.62, 0.82)
S3 M H M H M (0.44, 0.58, 0.78)

H4 S1 M M M M M (0.4, 0.5, 0.7)
S2 H H H H H (0.5, 0.7, 0.9)
S3 H M H H H (0.48, 0.66, 0.86)

Table 5
Normalized weighted ratings of each market segment.

Market segments Gh

S1 (0.126, 0.287, 0.570)
S2 (0.105, 0.258, 0.540)
S3 (0.115, 0.282, 0.576)

Table 6
The distance measurement.

Market segments d+ d�

S1 0.535 0.499
S2 0.569 0.461
S3 0.547 0.503

Table 7
Closeness coefficients of alternatives.

Market segments Closeness coefficient Ranking

S1 0.483 1
S2 0.447 3
S3 0.479 2

Table 8
Linguistic term set.

Linguistic variables TFNs

Very Low (VL) (0, 1, 2)
Low (L) (2, 3, 4)
Medium (M) (4, 5, 6)
High (H) (6, 7, 8)
Very High (VH) (8, 9, 10)

L.Q. Dat et al. / Applied Mathematical Modelling 39 (2015) 3653–3665 3659



Table 9
The importance weights of the ‘‘WHATs’’ criteria and their aggregated weights.

WHATs Decision makers wi

DM1 DM2 DM3

C1 VH VH H (7.333, 8.333, 9.333)
C2 M L M (3.333, 4.333, 5.333)
C3 H M M (4.667, 5.667, 6.667)
C4 M M L (3.333, 4.333, 5.333)
C5 L VL L (1.333, 2.333, 3.333)
C6 M L L (2.667, 3.667, 4.667)
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committee of three experts against six ‘‘WHATs’’ criteria, i.e. conformity (C1), cost (C2), punctuality (C3), efficacy (C4), pro-
gramming (C5), and availability (C6), and seven ‘‘HOWs’’ criteria, i.e. experience of the sector (H1), capacity for innovation
to follow up the customer’s (H2), quality system certification (H3), flexibility of response to the customer’s requests (H4),
financial stability (H5), ability to manage orders on-line (H6), and geographical position (H7).

Table 8 shows the linguistic variables for the ratings and the relative importance weights.
Table 10
The linguistic values of ‘‘HOWs’’–‘‘WHATs’’.

‘‘HOWs’’ ‘‘WHATs’’ Decision makers rij

D1 D2 D3

H1 C1 VH H H (6.667, 7.667, 8.667)
C2 M M L (3.333, 4.333, 5.333)
C3 H M H (5.333, 6.333, 7.333)
C4 H H VH (6.667, 7.667, 8.667)
C5 H H H (6, 7, 8)
C6 H M H (5.333, 6.333, 7.333)

H2 C1 VH VH VH (8, 9, 10)
C2 H H M (5.333, 6.333, 7.333)
C3 M M M (4, 5, 6)
C4 VH VH VH (8, 9, 10)
C5 H H M (5.333, 6.333, 7.333)
C6 VH VH H (7.333, 8.333, 9.333)

H3 C1 L VL VL (0.667, 1.667, 2.667)
C2 VH VH VH (8, 9, 10)
C3 L L L (2, 3, 4)
C4 M L L (2.667, 3.667, 4.667)
C5 L L L (2, 3, 4)
C6 VL L L (1.333, 2.333, 3.333)

H4 C1 M L L (2.667, 3.667, 4.667)
C2 L L L (2, 3, 4)
C3 H VH VH (7.333, 8.333, 9.333)
C4 H VH VH (7.333, 8.333, 9.333)
C5 M M M (4, 5, 6)
C6 H VH VH (7.333, 8.333, 9.333)

H5 C1 L VL VL (0.667, 1.667, 2.667)
C2 M M M (4, 5, 6)
C3 L L L (2, 3, 4)
C4 L L L (2, 3, 4)
C5 L VL VL (0.667, 1.667, 2.667)
C6 M M M (4, 5, 6)

H6 C1 H H H (6, 7, 8)
C2 L L VL (1.333, 2.333, 3.333)
C3 VH VH VH (8, 9,1 0)
C4 M VL H (3.333, 4.333, 5.333)
C5 H H H (6, 7, 8)
C6 H H VH (6.667, 7.667, 8.667)

H7 C1 L L L (2, 3, 4)
C2 M M H (4.667, 5.667, 6.667)
C3 H H H (6, 7, 8)
C4 L VL VL (0.667, 1.667, 2.667)
C5 VL VL VL (0, 1, 2)
C6 H H VH (6.667, 7.667, 8.667)



Table 11
Aggregating the importance weights of ‘‘HOWs’’.

Criteria Wj

H1 (21.555, 31.888, 44.221)
H2 (24.739, 35.850, 48.961)
H3 (9.333, 16.889, 26.444)
H4 (18.296, 28.185, 40.073)
H5 (7.630, 24.906, 35.405)
H6 (20.444, 28.331, 37.775)
H7 (13.038, 23.055, 30.221)
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Table 9 presents the importance and aggregated weights of the ‘‘WHATs’’ from the three decision makers using Eq. (1) and
Table 8.

The opinions expressed by the three decision-makers on the impact of each ‘‘HOWs’’ on each ‘‘WHATs’’ are shown in
Table 10. Using Eq. (2) and Table 8, the aggregated impact of each ‘‘HOWs’’ on each ‘‘WHATs’’ is calculated as shown in
the final column of Table 10.

The fuzzy value for weight of each attribute ‘‘HOW’’ can be obtained using formula (3), as shown in Table 11.
Using Eq. (4), the suitability rating of each ‘‘HOWs’’ on the various suppliers based on three decision makers and its

averaged value can be obtained as shown in Tables 12a and 12b.
Table 12a
The aggregated ratings of each ‘‘HOWs’’ factors on three market segments.

‘‘HOWs’’ Suppliers Decision makers SRhj

D1 D2 D3

H1 S1 M L M (3.333, 4.333, 5.333)
S2 H H H (6.000, 7.000, 8.000)
S3 L M VL (2.000, 3.000, 4.000)
S4 M M L (3.333, 4.333, 5.333)
S5 VH VH VH (8.000, 9.000, 10.000)
S6 H VH VH (7.333, 8.333, 9.333)
S7 VL L VL (0.667, 1.667, 2.667)
S8 L L H (3.333, 4.333, 5.333)
S9 M M M (4.000, 5.000, 6.000)
S10 H H H (6.000, 7.000, 8.000)

H2 S1 L M L (2.667, 3.667, 4.667)
S2 H M M (4.667, 5.667, 6.667)
S3 VH H VH (7.333, 8.333, 9.333)
S4 H H H (6.000, 7.000, 8.000)
S5 VH VH VH (8.000, 9.000, 10.000)
S6 L VL L (1.333, 2.333, 3.333)
S7 M M M (4.000, 5.000, 6.000)
S8 M H M (4.667, 5.667, 6.667)
S9 H H H (6.000, 7.000, 8.000)
S10 VL L VL (0.667, 1.667, 2.667)

H3 S1 M L M (3.333, 4.333, 5.333)
S2 M M H (4.667, 5.667, 6.667)
S3 VH VH H (7.333, 8.333, 9.333)
S4 VL VL L (0.667, 1.667, 2.667)
S5 VL VL VL (0.000, 1.000, 2.000)
S6 M M L (3.333, 4.333, 5.333)
S7 VH VH VH (8.000, 9.000, 10.000)
S8 H H H (6.000, 7.000, 8.000)
S9 M M L (3.333, 4.333, 5.333)
S10 M M H (4.667, 5.667, 6.667)

H4 S1 M M H (4.667, 5.667, 6.667)
S2 VH VH H (7.333, 8.333, 9.333)
S3 L L L (2.000, 3.000, 4.000)
S4 VL VL L (0.667, 1.667, 2.667)
S5 H H H (6.000, 7.000, 8.000)
S6 M M M (4.000, 5.000, 6.000)
S7 H VH VH (7.333, 8.333, 9.333)
S8 VL VL L (0.667, 1.667, 2.667)
S9 L H L (3.333, 4.333, 5.333)
S10 L L VL (1.333, 2.333, 3.333)



Table 12b
The aggregated ratings of each ‘‘HOWs’’ factors on three market segments.

‘‘HOWs’’ Suppliers Decision makers SRhj

D1 D2 D3

H5 S1 M M M (4.000, 5.000, 6.000)
S2 VH VH VH (8.000, 9.000, 10.000)
S3 L L L (2.000, 3.000, 4.000)
S4 H H H (6.000, 7.000, 8.000)
S5 M M L (3.333, 4.333, 5.333)
S6 H H VH (6.667, 7.667, 8.667)
S7 L L L (2.000, 3.000, 4.000)
S8 H H H (6.000, 7.000, 8.000)
S9 VL VL VL (0.000, 1.000, 2.000)
S10 VH VH H (7.333, 8.333, 9.333)

H6 S1 VL L L (1.333, 2.333, 3.333)
S2 VL L VL (0.667, 1.667, 2.667)
S3 VL L L (1.333, 2.333, 3.333)
S4 VL VL VL (0.000, 1.000, 2.000)
S5 L L M (2.667, 3.667, 4.667)
S6 VL VL VL (0.000, 1.000, 2.000)
S7 M M H (4.667, 5.667, 6.667)
S8 VH VH VH (8.000, 9.000, 10.000)
S9 VL VL L (0.667, 1.667, 2.667)
S10 VL VL M (1.333, 2.333, 3.333)

H7 S1 VL M L (2.000, 3.000, 4.000)
S2 L L M (2.667, 3.667, 4.667)
S3 VL L VL (0.667, 1.667, 2.667)
S4 VH H H (6.667, 7.667, 8.667)
S5 VL VL M (1.333, 2.333, 3.333)
S6 VL VL L (0.667, 1.667, 2.667)
S7 L M L (2.667, 3.667, 4.667)
S8 VL VL L (0.667, 1.667, 2.667)
S9 VL VL L (0.667, 1.667, 2.667)
S10 VL VL M (1.333, 2.333, 3.333)

Table 13
Normalized weighted ratings of each market segment.

Suppliers Gh

S1 (48.309, 108.904, 190.250)
S2 (75.994, 158.982, 260.906)
S3 (54.395, 114.134, 198.438)
S4 (53.059, 120.527, 203.663)
S5 (82.495, 155.632, 253.020)
S6 (50.700, 117.311, 202.912)
S7 (66.801, 134.155, 226.381)
S8 (67.648, 139.185, 231.755)
S9 (49.868, 102.323, 180.559)
S10 (44.909, 110.266, 193.041)

Table 14
The distance measurement.

Suppliers d+ d�

S1 270.730 158.843
S2 211.143 246.240
S3 260.943 168.681
S4 257.262 176.033
S5 207.306 238.711
S6 261.094 173.898
S7 234.382 203.412
S8 230.250 210.515
S9 275.938 147.384
S10 271.943 161.910
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Table 15
Closeness coefficients of alternatives.

Suppliers Closeness coefficient

S1 0.370
S2 0.538
S3 0.393
S4 0.406
S5 0.535
S6 0.400
S7 0.465
S8 0.478
S9 0.348
S10 0.373

Table 16
Ranking order of suppliers.

Suppliers Ranking order using proposed
method

Ranking order by
[15]

S1 9 8
S2 1 2
S3 7 5
S4 5 6
S5 2 1
S6 6 7
S7 4 4
S8 3 3
S9 10 9
S10 8 10
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Using Eq. (7), the weighted ratings Gh can be obtained as shown in Table 13. The distance of each supplier from S+ and S- is
calculated by Eqs. (8)–(11), as shown in Table 14.

Table 15 presents the closeness coefficients of supplier based on Eq. (12). The results show that the supplier S2 with the
largest closeness coefficient value is defined as the best supplier. The ranking order of the ten suppliers using the proposed
approach and Bevilacqua et al., [15] are presented in Table 16.

Table 16 shows that there is a slightly different between the ranking order of suppliers using the proposed method and
Bevilacqua et al.’s [15] method. This is due to Bevilacqua et al. [15] applying the ranking method proposed by Facchinetti
et al., [25] which contains some shortcomings, as mentioned in this paper’s introduction.

5. Conclusions

Market segment selection is an important MCDM problem, requiring evaluation of multiple criteria incorporating vague-
ness and imprecision with the involvement of a group of experts. This paper has proposed a novel integrated fuzzy QFD to
support the market segment selection and the evaluation process. In the proposed approach, the relative importance of the
‘‘WHATs’’, the ‘‘HOWs’’–‘‘WHATs’’ correlation scores, the resulting weights of the ‘‘HOWs’’, and the impact of each potential
market segment, were assessed in linguistic values. We then developed the functions of the averaged ratings and averaged
weights in the proposed model. To avoid a complicated calculation of fuzzy numbers and over the shortcoming of existing
ranking approaches, the weighted ratings were defuzzified into crisp values using a fuzzy TOPSIS approach. A case study was
used to illustrate the computational procedure of the proposed approach. Finally, this paper compared the proposed
approach with another fuzzy QFD approach demonstrating its superiority. The results showed that the proposed approach
is effective in selecting the suitable market segment for the company. Future research should focus on applying the fuzzy
Analytic hierarchy process (AHP), in order to determine the importance weight of ‘‘WHATs’’ criteria. The proposed approach
can also be applied to other management problems with similar settings.

Appendix A

This section reviews some basic notions and definitions of fuzzy sets and fuzzy numbers as follows [41,42].
Fuzzy sets
A ¼ ðx; f AðxÞÞjx 2 Uf g;
where U is the universe of discourse, A is a fuzzy set in U, fA(x) is defined as a membership function fA(x) e [0, 1], for fA(x), "x e U,
indicates the degree of x in A.
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A.1. Triangular fuzzy number

A triangular fuzzy number (TFN) A is described as any fuzzy subset of the real line R with membership function fA(x) that
can be generally be defined as:

(a) fA is a continuous mapping from R to the closed interval [0, 1].
(b) fA(x) = 0, for all x e (�1, a];
(c) fA is strictly increasing on [a, b];
(d) fA(x) = 1, for x = b
(e) fA is strictly decreasing on [b, c];
(f) fA(x) = 0, for all x e (c,1],

where a, b, c are real numbers. Unless elsewhere specified, this research assumes that A is convex and bounded (i.e.
�1 < a, c <1). A fuzzy number A can be denoted as a triplet A = (a, b, c), and the membership function fA(x) is expressed as:
f AðxÞ ¼
ðx� aÞ=ðb� aÞ; a 6 x 6 b;

ðx� cÞ=ðb� cÞ; b 6 x 6 c;

0; otherwise:

8><
>:
A.2. Fuzzy operations for fuzzy numbers

Given fuzzy numbers A and B, where A, B e R+, the a-cuts of A and B are Aa ¼ ½Aa
l ;A

a
u� and Ba ¼ ½Ba

l ;B
a
u�, respectively. By the

interval arithmetic, some main operations of A and B can be defined as follows:
ðA� BÞa ¼ Aa
l þ Ba

l ;A
a
u þ Ba

u

� �
;

ðA	 BÞa ¼ Aa
l � Ba

u;A
a
u � Ba

l

� �
;

ðA� BÞa ¼ ½Aa
l � B

a
l ;A

a
u � B

a
u�;

ðAøBÞa ¼ ½Aa
l =Ba

u;A
a
u=Ba

l �;

ðA� rÞa ¼ ½Aa
l � r;A

a
u � r�; r 2 Rþ:
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