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Abstract 

The paper proposes a fuzzy logic-based group decision making (GDM) approach, which can be used for quality 
function deployment (QFD) in the development of product improvement strategies. Decision makers can state their 
preferences in various ways, including incomplete preferences which are difficult to evaluate in a coherent way. We 
extend the QFD methodology by using a GDM approach which considers multiple preference formats and 
incomplete information. Finally, a numerical analysis for “Portable Entertainment and Game Systems” design is 
given to verify the feasibility of the model. 
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1. Introduction 

A good product design requires designers to know what 
is being designed, and what end-users expect from the 
product. As a systematic approach for design, Quality 
Function Deployment (QFD) is based on awareness of 
customer requirements, and is integrated with functional 
groups of a business. The ultimate goal of QFD is to use 
objective procedures with increasing detail during the 
development stages of a product1. It aims to translate 
quality criteria, which can be subjective, into more 
quantifiable, objective and measureable ones so that the 
criteria can be made use of for designing and 
manufacturing the product accordingly. QFD makes use 
of the “House of Quality” (HOQ)2,3 matrix, which is 
basically a conceptual construct for identifying 
customer needs (CNs) for the design process and setting 

priorities of design requirements (DRs) to satisfy them. 
QFD has proved its usefulness in product development 
since many years.4-10

QFD is used for defining how and where product 
development priorities should be assigned. It involves 
inherently vague inputs from individuals as a result of 
human perception, judgment and evaluation. Therefore, 
data collected from decision makers on the importance 
of requirements are usually subjective and uncertain. To 
reduce the bias and partiality that can faced during the 
decision process, QFD widely utilizes group decision 
making (GDM)11-14 and fuzzy set theory15-19. In a GDM 
process, different alternatives are assessed by a 
predefined group of decision makers (DMs) who 
without doubt differ in their education, background, 
competence, experience, and character. DMs from 
different environments and qualifications may provide 
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their judgments on alternatives in different formats (e.g. 
numeric or linguistic), making it more difficult to obtain 
an accurate quantitative evaluation.  

It must be pointed out that DMs may not always 
have exact information about the problem. They also 
may not always be in a position to clearly compare -
exiting alternatives due to factors such as time constrict, 
insufficient knowledge, - motivation deficiency, etc. 
Statement of preferences - in different formats has -took 
attention in literature20-26. Although such constraints in 
the evaluation process cannot be handled effectively 
without incomplete preference relations, Büyüközkan 
and Çifçi27 uniquely addressed multiple formatted 
preferences that handle incomplete information. 

The goal of the study is to adopt an integrated QFD 
methodology with GDM approach. The approach 
incorporates incomplete information and multiple 
preference formats, and combines various expressions 
into a single final group decision by utilizing the fuzzy 
set theory.28 As the validation of the approach, a HOQ 
application is presented for “Portable Entertainment and 
Game Systems”. Considering that the incomplete and 
multiple preferences techniques are not prevalent in 
literature, the main contribution of this study is that it 
effectively combines both techniques with QFD for 
product development. 

Section 2 of the paper will provide a literature 
survey for HOQ, GDM, multiple preference formats and 
incomplete preference relations. In Section 3, the 
proposed approach for QFD is introduced. An 
application of the fuzzy logic based GDM approach is 
given in the Section 4 and the Section 5 closes the 
discussion with concluding remarks. 

2. Literature Survey 

2.1. House of Quality 

QFD basically has three goals; to prioritize spoken and 
unspoken CNs; translate these CNs into technical 
specifications (i.e. DRs); and to establish and bring a 

quality product or service to the market by targeting 
efforts on customer expectations and needs. QFD can be 
seen as a tool that helps businesses to focus on what 
customers believe to be substantial and to ensure that 
these specifications are met in the last product/service. 
To accomplish this objective, a series of matrices are 
used. The basic benefits of QFD are decreased design 
costs and development time30,31. It also improves 
communication and cohesion among the product 
development staff and helps consolidating design 
decisions in early stages of development efforts33.

HOQ is one of the products of QFD. With HOQ, 
“what customers want” versus “how these wants can be 
given to them” can be visually compared in a short time. 
When a product development team initiates a QFD 
process, the first matrix used is HOQ, which is 
considerably strong because of the amount of 
information that can be documented and analyzed34. In 
constructing the HOQ matrix (see Figure 1), the first 
thing to do is to acquire the “voice of customers” as 
inputs of CNs. These CNs are then expressed 
quantitatively and comparisons are done for 
prioritization. As another key step, it is determined and 
analyzed which CNs depend on which DRs. Afterwards, 
a relation matrix is established between CNs and DRs. 
In the final stage of constructing HOQ, DRs’ priorities 
are found and goals are determined. Despite its 
popularity, there have been no coherent or uniform QFD 
concepts - so far, which can be confusing for non-
specialists.35 The proposed HOQ procedure is explained 
in Section 4 step by step. 

2.2. Group Decision Making 

In traditional QFD, several people are involved who are 
required to express and prioritize their preferences 
(CNs)36, which can be difficult for when specifying 
priorities to customer preferences. This process can lead 
to remarkably diverse and biased expressions based on 
the profile and prior experience of DMs. In this paper, 
the aim is to present an approach for an enhanced 
consensus reaching process by fusing GDM with a 
group-customer preference system. 

When taking decisions with regards to expectations 
of customers, GDM processes can be subject to 
uncertainty inherent to customers’ preferences. In 
literature, fuzzy GDM approaches have been studied to 

Fig. 1.  Proposed HOQ Matrix 
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deal with such challenges 37-40. The fuzzy set theory can 
be utilized in overcoming the decision making problems 
for treating uncertainty. Lingual expressions are 
considered as the natural statement of the preference or 
decision such as satisfied/dissatisfied. As the DM views 
are based on lingual parameters, the evaluation of their 
opinions must be handled with in a vague, fuzzy 
environment. For this reason, this paper includes the 
fuzzy GDM which provides the decision making 
process to be reasonable and comprehensive. 

Several authors have previously studied fuzzy GDM 
approach in QFD. Bevilacqua, Ciarapica, and 
Giacchetta41 studied a fuzzy QFD based on the GDM 
approach to select clutch plate suppliers. Chin, Wang, 
Yang, and Poon42 introduced a QFD approach with 
group decision under uncertainty, based on evidential 
reasoning. Liu43 studied fuzzy GDM in QFD and 
focused on consumer perception of risk. Another fuzzy 
GDM study is put forward in QFD by Kuo, Wu, and 
Shieh16 for the consideration of environmental aspects 
in the design of toner cartridges. Similarly, Zhang and 
Chu24 proposed a fuzzy GDM in QFD for complex 
product development. They applied their approach on a 
case of equipment selection for horizontal directional 
drilling . Kwong, Chen and Choy44 proposed a novel 
fuzzy GDM approach which integrates the fuzzy 
weighted average method with a consensus ordinal 
ranking method to prioritize engineering characteristics 
in QFD under uncertainty. Lin, Huang and Yeh45 used 
fuzzy GDM and a QFD method to analyze various 
service evaluation criteria in tourism service 
innovations. Recently, Chen, Ko and Tseng46 proposed 
an adapted fuzzy clustering methodology for reaching 
consensus in a QFD team. Zaim et al.47 also studied 
fuzzy decision making in QFD for product 
development. 

It is of primary importance to achieve consensus in a 
group of different opinions, especially when uncertainty 
exists. Despite their value because of their use of GDM 
methods applied in fuzzy environments, literature has so 
far failed to sufficiently address the issue of handling 
different types of information. This paper suggests that 
currently used methods for GDM in QFD should also 
deal with DMs who have diversified preferences. 

2.3. Multiple Preference Formats 

In the traditional GDM process, DMs provide their 
preferences by using decision matrices, with which the 

HOQ is constructed. Considering DMs’ different 
background and evaluation methods, their preferences 
can be communicated in various ways. Under such 
complex circumstances, agreeing on a group decision 
consensus is a challenging task. Research on using 
different preference formats is reviewed below. 

Chiclana, Herrera, and Herrera-Viedma48 integrated 
three representation models (preference ordering, utility 
function, fuzzy preference relation) in a fuzzy multi-
purpose decision making problem, where DMs provide 
varied information on alternatives. In another study, 
Herrera, Herrera-Viedma, and Chiclana48 proposed a 
GDM approach established on multiplicative preference 
relations. Their model is based on relations as 
preference ordering, utility values, and multiplicative 
preference relation. Zhang, Chena and Chong22

determined criteria weights for consolidating decisions 
using multiple preference formats, where they studied a 
uniformity and aggregating method with the aim to 
conveniently and accurately generate the final decision 
with higher DM satisfaction. Herrera, Martinez, and 
Sanchez50 also investigated a GDM problem, where 
DMs expressed individual preferences by using various 
scales. They proposed a method for aggregation in order 
to better manage heterogeneous preference relations, 
including numerical-valued, interval-valued and 
linguistic-valued information. 

Kwok, Zhou, Zhang and Ma51 came up with a fuzzy 
multi-attribute decision making model  that makes use 
of different preference formats; namely preference 
ordering, utility vector, linguistic term vector, selected 
subset, fuzzy selected subset, fuzzy preference relation, 
and normal preference relation. Xu52 introduced a 
multiple-attribute GDM approach in which DMs 
express their opinions by different uncertain-preference 
formats such as interval utility values, interval fuzzy-  
and interval multiplicative preference relations. In 
another study, Xu53 presented a GDM method which is 
based on different preference relations types. Xu and 
Chen54 investigated multiple-attribute GDM problems 
with specific uncertain preference structures. They used 
utility vector, multiplicative preference relation, and 
fuzzy preference relation as preference structures. 

Abedin, Chao, Godwin and Arochena55 proposed a 
multi-issue negotiation approach for service level 
agreement using preference ordering . Similarly seven 
preference formats which Xu52 studied are provided to 
consumers.. Dong, Xua and Yu56 proposed a GDM that 
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is based on linguistic, multiplicative and fuzzy 
preference relations. 

To further reduce the bias in the GDM process, 
Lin57 provided an integrated 2-stage model using fuzzy 
multiple preferences. Initially, based on the respective 
linguistic preferences, information is united on the 
alternatives. Afterwards by computing collective 
performance values, problems of integrating individual 
fuzzy choices are solved. In the second stage, the 
alternatives - are selected based on the collective 
performance values that were found in the first stage. 
The aim of their decision procedure was to obtain 
subjective fuzzy cognitions as preference values of all 
DMs.  

Although these studies using multiple preferences 
are highly capable of gathering different decision 
formats from DMs, they can be inadequate in handling  
the lack of information. In the next section (2.4), it can 
be seen that DMs and interviewers can face such 
situations. To eliminate such hurdles, this study 
suggests that the studied methods should also deal with 
DMs who express incomplete preferences. 

2.4. Incomplete Preference Relations 

In decision making processes, DMs are required to 
evaluate criteria and alternatives with complete 
linguistic preference relations. Sometimes, however, it 
might be hard to collect all such preference relations. 
Considering that every one of the selected experts have 
his/her own experience and views, it is possible that an 
expert does not have complete information about the 
question. There can be situations where DMs are not 
able to effectively state any preference among the 
available options. This might happen when the DM does 
not have complete or adequate data or when he/she is 
not able to decide which options are superior to others58.
Considering that QFD involves GDM, such issues are 
possible during the evaluation process of CNs.  

Incomplete judgments are another perspective for 
linguistic preference relations considering DMs in an 
evaluation group may -have inadequate information. 
Therefore, incomplete preferences should be considered 
in an evaluation process. By using incomplete 
preference relations, evaluation limitations can 
effectively be managed, improving the quality and 
strength of the evaluation.  

Scientific papers studying incomplete information 
are in progress. To deal with the problem of incomplete 

or inconsistent information, Alonso et al.59 came up 
with a decision support approach to obtain consistent 
linguistic preference relations. Xu,60,61,62 studied the 
incomplete linguistic preference relations and different 
types of integrated incomplete linguistic preference 
relations in GDM. They proposed a GDM model which 
uses intuitionistic and incomplete preference relations. 
Herrera-Viedma et al.58,63 introduced a GDM model for 
reaching consensus using incomplete fuzzy preference 
relations, while Fedrizzi and Giove64 studied the 
techniques of incomplete pair-wise comparison and 
optimization of consistency. Chiclana, Herrera-Viedma, 
and Alonso65 compared different methodologies used 
for calculating missing pair-wise preference values 
based on additive consistency. In another paper, Wang, 
Peng, Hsu and Chang66 examined the use of incomplete 
linguistic preference relations in a case of internet shops 
performance. Wang and Chen67 discussed incomplete 
fuzzy linguistic preference relations under uncertainty 
for the selection of a global supplier. Porcel and 
Herrera-Viedma68 proposed a method to deal with 
incomplete information in a fuzzy linguistic 
recommender system for digitalized university libraries. 
Cabrerizo et al. 69 introduced a novel iterative selection 
approach to estimate missing information to handle 
incomplete fuzzy linguistic information. In another 
study by Cabrerizo, Pérez, and Herrera-Viedma70, a 
consensus model is formulated that focuses on 
incomplete unbalanced fuzzy linguistic information, 
which again utilized an iterative procedure to measure 
consistency based on additive transitivity. Recently, 
Xu71 proposed a novel method to work out GDM 
problems in the following four formats of incomplete 
preference relations: multiplicative, fuzzy, additive 
linguistic, and multiplicative linguistic preference 
relations. His study aimed to find the closest collective 
opinion using an optimization model that calculates the 
collective ranking values of the available alternatives. 
Chen, Lin and Lee72 introduced a GDM approach using 
incomplete fuzzy preference relations in which the 
consistency calculation is based on the additive and 
order property. Liu and Wang73 also studied a consensus 
model for GDM with incomplete interval fuzzy 
preference relations. 
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3. An Integrated Different Fuzzy Preference 
Structures in GDM Approach for QFD 

Although the proposed framework in this study is novel, 
QFD literature employs multiple preference formats. As 
a first, Büyüközkan and Feyzioglu11 extended the QFD 
methodology by combining different approaches such as 
preference ordering, fuzzy pair-wise comparison, 
optimal subset method, utility analysis and linguistic 
preference relations. Following their introduction of 
GDM with multiple preference formats, Büyüközkan, 
Feyzio lu and Ruan23 presented a fuzzy GDM model 
that fused multiple preference styles to respond to CRs 
in QFD. Similarly, Feyzioglu and Büyüközkan4

introduced an integrated GDM approach for new 
product development based on multiple preference 
formats and the Choquet integral techniques. Distinctly 
from authors’ other studies, they additionally proposed 
the Choquet integral technique as a benchmarking 
procedure to rate alternative systems and find out which 
criteria should be improved. Zhang and Chu13 focused 
on the fuzzy GDM for multi-format and multi-
granularity linguistic assessments in QFD. In their 
paper, DMs provide opinions in terms of fuzzy pairwise 
comparisons and linguistic preference relations formats. 
To aggregate those judgments, a GDM approach is 
presented which incorporated the optimization models 
of logarithmic least squares and weighted least squares. 
Wang and Xiong74 came up with a linguistic-based, 
integrated GDM approach that directly calculated using 
words. Their approach aimed to reduce the risk of 
information loss and to handle a number of types and 

multi-granularity linguistic judgments provided by DMs 
in QFD. Recently, Li et al. 26 introduced an integrated 
approach consisting of GDM, multi-format preferences, 
and 3 types of least square models to obtain the sale 
points of CNs for the purpose of dealing with the 
relative satisfaction levels and multiple preference 
information. Wang75 also studied relative preferences in 
fuzzy QFD by a criteria weighting approach. 

However, researches seldomly focused 
on incomplete preferences. There is even more limited 
number of researches in the literature that utilize 
incomplete preferences in the field of QFD. Lately, 
Urena et al.76 studied incomplete fuzzy and 
multiplicative preference relations in multi-person 
decision making to deal with the missing preferences. 

Firstly, Han, Kim and Choi77 examined incomplete 
preference relations with linear partial ordering method 
for evaluating information in QFD. A key factor of the 
methodology is to find weights of missing CNs and to 
evaluate relationship values of CNs between weights of 
DRs and then to prioritize engineering characteristics. 
Their view is revised and enhanced in Büyüközkan and 
Çifçi’s25 study and a new GDM approach is introduced 
that included DMs’ incomplete information by using the 
fuzzy set theory. Büyüközkan and Çifçi applied their 
proposed approach to a real case of collaborative 
software development.  
Figure 2 depicts the proposed approach and the 
calculation procedure is provided below. 

Step 1 - “Whats - Specifying the CNs”: This step is 
about identifying what customers want and need, which 
can also be named as the voice of customers. In this 
step, CRs are defined and placed on the left side of the 
HOQ. Information for identifying these CRs can be 
collected via questionnaires, literature surveys, or expert 
views. 

Step 2 - “Prioritizing CNs”: In this step, CNs are 
compared and prioritized based on their individual 
importance degrees. These CN importance degrees will 
assist the design analysis step. Considering that the info 
acquired from DMs may not be accurate enough to 
effectively determine the importance degrees, this paper 
employs a fuzzy GDM approach. 

Step 2.1 - “Harmonizing Different Relative 
Evaluations”: DMs are supposed to provide their 
importance rankings based on the formats below: 
1. DMs can provide a pair-wise comparison matrix, 
where each term is characterized as the relative 

Fig. 2.  Proposed Approach for QFD 

Fuzzy GDM steps HOQ steps 

Multiple formatted 
preferences 

2.1. Harmonizing 
dissimilar individual 

assessments

2.2. Aggregating 
individual assessments

2.3. Determining the 
importance of CNs 

1. Defining CNs 

2. Prioritizing CNs by 
GDM 

3. Defining DRs 

4. Prioritizing DRs 

Questionnaires 
Expert 
views

Surveys
Expert
views
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importance of one CN against others. This can be 
obtained with the help of a ratio scale which is proposed 
by Saaty73 originally. When CN i and j are equally 
important, xij=1. When i is definitely much more 
important than j, then xij=9. Intermediate importance 
values are ordered from 2 to 8. The matrix is 
multiplicatively reciprocal: xij=a and xji=1/a for all a 
{1, …, 9}. 

2. DMs can provide an ordered vector (o(1), …, 
o(N)), where o(i) is the importance ranking (1 is the 
most and N is the least important) of CN i. This 
ordering can be converted into a relative importance 
relation as the following;  

ji uu
ijx 9 for all 1  i  j  N (1) 

where ui = (N – o(i))/(N - 1). According to Herrera et 
al.48, this type of function can be acquired by giving an 
importance/utility value to each alternative. If the 
position of alternative goes lower, than the utility value 
ui will be higher. It can be assumed that the preference 
of the best alternative over the worst is the highest 
allowed, which is 9. So for instance, if o(i)=1 and 
o(j)=N then it is presumed that xij=9. For detailed 
computations of formula, Herrera et al.48 can be studied. 

3. DMs can provide an importance degree vector (u1,
…, uN) where ui  [0,1] i = 1, …, N.The closer ui is to 
1, the more signicifant it will be. . This vector can be 
converted into relative importance relation as; 

xij = ui/uj for all 1  i  j  N. (2) 

Commentating ui/uj as a ratio of the preference 
intensity for xi to that of xj, it can be assumed that xi is 
ui/uj times good as xj. This is one of the basic functions 
to acquire the intensity of preference which is proposed 
by Saaty78,79.

4. DMs can provide a linguistic importance vector (s1,
…, sN) where si with i = 1, …, N can be one of the 
following: “Not Important (NI), Some Important (SI), 
Moderately Important (MI), Important (I) and Very 
Important (VI).” Considering a fuzzy triangular number 
can be stated as (ai,bi,ci) where bi is the most 
encountered value, fuzzy membership functions for si

can be NI = (0.00, 0.00, 0.25), SI = (0.00, 0.25, 0.50), 
MI = (0.25, 0.50, 0.75), I = (0.50, 0.75, 1.00) and VI = 

(0.75, 1.00, 1.00). The linguistic term vector can be 
converted into a relative importance relation as; 

ji bb
ijx 9 for all 1  i  j  N (3) 

5. DMs can state the importance of CNs without 
identifying the degree explicitly. In this situation,  

 xij=9 and xji=1/9, if i is more important than j (4) 

and xij=1 if nothing mentioned. 

6. DMs can prefer to choose only a subset of CNs (R’) 
that is important for them. For this case, the CNs in the 
set R’ have equal importance and they are dominant to 
remaining CNs in R/R’. The CNs in R/R’ also have 
equal importance to each other. The preference relation 
can be described as;  

otherwise
RjRRi
RRjRi

xij ','/
'/,'

,
,
,

1
9/1

9
 (5) 

for all 1  i  j  N. 

7. DMs can prefer to choose only a subset of CNs 
( R ) and provide the importance of the requirements 
linguistically. Identically, with the notation in Eq. (3), 
the relative importance relation can be stated as 

RRji
RRjRi

Rji
x i

ji

b

bb

ij

/,
'/,

,

,
,
,

1
9
9

5.0  (6) 

for all 1  i  j  N. 

8. DMs can provide an incomplete pair-wise 
comparison matrix, where some terms can be missing. 
First of all, a comparison scale is required to measure 
the importance degrees of the CNs.For this reason, 
fuzzy linguistic variables ),,(~ u

ij
m
ij

l
ijij pppp (See

Table 1) are used. Here ijp~  indicates the importance 
between the compared criteria (importance of i over j) 
where l

ijp  and u
ijp  are the lower and upper bounds 

of ijp~ , respectively, and m
ijp  is median value where 

i=j=1,2,…,n.
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Table 1.  Linguistic terms for evaluation. 

Linguistic term Abbreviation Fuzzy Membership 
Function 

None N (0, 0, 1) 
Very Low VL (0, 0.1, 0.2) 

Low L (0.1, 0.2, 0.3) 
Fairly Low FL (0.2, 0.3, 0.4) 

More or less Low ML (0.3, 0.4, 0.5) 
Medium M (0.4, 0.5, 0.6) 

More or less Good MG (0.5, 0.6, 0.7) 
Fairly Good FG (0.6, 0.7, 0.8) 

Good G (0.7, 0.8, 0.9) 
Very Good VG (0.8, 0.9, 1) 
Excellent E (0.9, 1, 1) 

As soon as the DMs establish and assess the 
incomplete pair-wise comparison matrices of 
interdependent elements, evaluated preferences are 
defuzzified using Eq. (7); 

dpppF ijxijxij

1

0

~sup~inf2/1~  (7) 

Consequently, missing elements can be calculated in 
a DM’s incomplete preference . Considering a 
reciprocal preference relation, Eqs. (8) to (10) can be 
used to compute an estimated preference value ijp (i
j) using other preference degrees63

From 5.0yjiyij ppp , we achieve the estimate 

5.01
yjiy

y
ij ppcp  (8) 

From 5.0ijyiyj ppp , we achieve the estimate 

5.02
yjyj

y
ij ppcp  (9) 

From 5.0jyijiy ppp , we achieve the estimate 

5.03
jyiy

y
ij ppcp  (10) 

The preference value of one element over itself is 
supposed to be equal to 0.5. 

For incomplete preference relation, the sets below 
can be used to estimate its consistency level: 

1
ijH  = {y  i, j | (i, y), (y, j)  EV} (11) 

2
ijH  = {y  i, j | (y, i), (y, j)  EV} (12) 

3
ijH  = {y  i, j | (i, y), (j, y)  EV} (13) 

where EV is the set of evaluated alternatives by the 
expert, and 1

ijH , 2
ijH , 3

ijH  are the sets of intermediate 
alternative ay (y i, j) that can be used to estimate the 
preference value ijp (i j) using Eq. (11) to (13), 
respectively. The consistency level ijCL , related with a 
preference value ijp (i j)  EV, 

1,0,
2

.1.1 ij
ji

ijijijij

CPCP
pCL (14) 

is described as a linear combination of the average of 
the entirety values interrelated with the two alternatives 
involved in that preference degree CPi and CPj,

12
#
n
EVCPi

 (15) 

where EV#  is the number of known preference values. 
Its related error ijp can be computed as in Eq. (16) 

K
ppp

p ijijij
ij

321

.
3
2  (16) 

where 

3,2,1;

,

0#,

0

#
h

otherwise

Hif
H

pcp

p

h
ij

h
ij

Hy
ij

yh
ij

ij

h
ij  (17) 

and

3,2,1,,;0#0#0#
0#0#0#

,1
,2
,3 321

cba
otherwise

HHHif
HHHif

K c
ij

b
ij

a
ij

ijijij
(18) 

with ij , a parameter to control the effect of entirety in 
the assessment of the consistency levels. 

214
###

1
n

EVEVEVEV jiji
ij

 (19) 

ijp  is consistent if ijCL  is not less than 0.5 . If 
ijp  is not consistent and 0ijp , then DM should 

revise the preferences. If ijp  is not consistent 
and 0ijp , then it means more known preferences are 
needed. More info about incomplete fuzzy preference 
relations and their mathematical formulations are 
available in Herrera-Viedma, Chiclana, Herrera & 
Alonso63.
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Step 2.2 - “Collection of the assessments”: Here, 
these individual evaluations are aggregated to define 
group opinion. Dominant opinions of customers are 
reflected with this process. On this line, let 

kkL
ij

k
ij

k
ij ppp ,...,, 21  be the set of values to be gathered for 

any Rji,  and group k evaluators, and 
kkLk

wwW ,...,
1

 be the values related with evaluators 
in group k. hHere, the induced ordered weighted 
geometric (IOWG) operator of dimension Lk is a 
function kLG

W :  to which a set of 
weights/weighting vector is related, 

KLwwW ,...,1 ,
such that 1,0lw  and 1lw , and it is 
characterized to aggregate the set of second arguments 
of a list of Lk two-tuples kk kL

ij
kLk

ij
k

pwpw ,,...,, 11 ,
in terms of a positive ratio scale, based on the phrase 
below: 

k
kk

L

l

lk
ij

kL
ij

kLk
ij

kG
W ppwpw

1

11
,,...,,  (20) 

being: {1, …, Lk}   {1, …, Lk}, a permutation such 
that 1lklk

ww , l={1,…,Lk-1}, i.e. lk
ij

lk
pw , is

the two tuple with lk
w the lth highest value in the set 

kkLk
ww ,...,

1 .80 Based on the ideas by Yager81, the 
IOWG operator represents the fuzzy majority if we 
calculate its weighting vector W via a fuzzy linguistic 
quantifier. Proportional quantifiers such as most, as 
many as possible, may be represented by fuzzy subsets 
of the unit interval, [0,1]. Then for any t  [0,1], Q(t)
demonstrates the degree to which the proportion t is 
concordant with the meaning of the quantifier it 
represents. The weights can be acquired as follows for a 
non-decreasing relative quantifier Q:  

KkQKkQwk /1/ ,k=1,…,K (21) 

where Q(t) is defined as (Kacprzyk82)

.,1
),/()(

,0

vtif
vtsif
stif

svsttQ  (22) 

“Most” (0.3,0.8), “at least half” (0,0.5) and “as 
many as possible” (0.5,1) are some examples for the 
relative quantifiers. When the weights of the IOWG 
operator G

W  are calculated, the fuzzy quantifier Q is 
represented by G

Q . Thereof, the collective 
multiplicative relative importance relation is obtained 
based on the following expression; 

kkL
ij

k
ij

k
ij

G
Q

k
ij pppp ,...,, 21 , 1  i  j N. (23) 

Step 2.3 - “Determining the importance of CNs”: to 
determine the importance weights of CNs, we must take 
advantage of the group opinion gathered in the matrix 
Pk obtained by Eq. (23. The next step is to quantify the 
importance of one CN against others in a fuzzy majority 
cognation. By using the OWG operator, G

Q , stated in 
Herrera, Herrera-Viedma, and Chiclana49, we have; 

NjpQGID k
ij

G
Q

k
i ,...,1:log12/1 9  (24) 

for all i=1,…,N. 
Actually the OWG operator is a specific state of the 

IOWG operator where the order inducing values 
W related with the aggregation elements are all equal, 
i.e., W/1 . After normalization, i.e., 

k
ii

k
i

k
i QGIDQGIDQGID / , we have the 

importance degrees in percentage for the group k. These 
steps should be sustained in all levels of the evaluation 
model. The importance degree of each requirement in 
the hierarchy is computed by multiplying its importance 
value with the importance values of its up level 
requirements. Finally, the weighted sum of CN’s group 
importance values is computed to achieve the aggregate 
CN importance. 

Step 3 - “Detecting the DRs”: Initially CNs are 
transformed to technical attributes. DRs are defined 
based on the company’s operational or managerial plans 
for the purpose of satisfying the customers. While 
specifying the DRs, finding direct solutions to defined 
CNs is the most substantial matter. 

Step 4 - “Prioritizing DRs”: Here, firstly a 
relationship matrix is established between CNs and 
DRs. Each DRs is correlated separately to each CNs by 
considering the degree for the contribution of a 
requirement in meeting CNs for the attribute. 
Depending onto the influence of the DRs in meeting 
CNs, values “Empty=no relationship”, “1=probable 
relationship”, “3=medium relationship”, and “9=strong 
relationship” are assigned. 

Then by using the relative importance of every CN 
and the relationship matrix, the importance of each DR 
is calculated. The quality of the relationship matrix 
heavily affects the accuracy of the results in this step. 
CNs are interlaced with DRs in this computation 
process. Namely, the outcome defines the relative 
weight of each of the DRsagainst CNs. The relative 
weight of each DR is computed by multiplying the sum 
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of each CN importance value and the measured 
relationship between the same CN and the DR in use. 

4. Application of the proposed approach: 
Development of Portable Entertainment and 
Game Systems 

With the advent of technology, everything has become 
much more complex. In the portable entertainment and 
game systems, major improvements are provided from 
single-color LCD screen to touch screens that can obtain 
millions of colors. Thereby to illustrate the proposed 
approach, “Portable Entertainment and Game Systems” 
are chosen. 

Step 1 - Identifying customers and CNs: Here the 
important point is that for portable entertainment and 
game systems, products in the market impress different 
customer groups from children to adults. According to a 
research reporta, console usage distribution by age is as 
2-5 years: 0.05, 6-11 years: 0.20, 12-17 years: 0.25, 18-
24 years: 0.19, 25-34 years: 0.18, 35-44 years: 0.08, 44-
54 years: 0.04, and 55+ years: 0.01. Based on this 
survey, three focus groups namely children (12 years 
and under), teenagers (12-25 years/mostly students) and 
adults (25 years and over/working) are selected with 
25%, 44% and 31% importance respectively. In 
identifying CNs, it is essential to capture the marketing 
needs from customers’ perspective. According to 
surveys and interviews with the target customer groups, 
the CNs are determined as: 
CR1: Main factors: 

SCR1: gameplay,  
SCR2: music,  
SCR3: movies/video,  

CR2: Technical factors: 
SCR4: support to internet connect/wireless,  
SCR5: long battery life,  
SCR6: strong hardware/system,  

CR3: Marketing factors:   
SCR7: reasonable price,  
SCR8: accessories,  
SCR9: ergonomically design.  
Step 2 - Prioritizing CNs: 
Step 2.1 - Harmonizing Different Relative 

Evaluations: For example to assess the groups, criteria 
(main factors, technical factors, marketing factors) 
evaluations are given respectively. 

a http://blog.nielsen.com/nielsenwire/media_entertainment/hottest-
june-on-record-for-video-gaming/ 

a- Group 1 - Children: 
• Member 1 gives an importance ordering of {1,2,3}. 
• Member 2 provides an incomplete evaluation matrix. 

 CR1 CR2 CR3 

CR1 * x x 
CR2 VL * M 
CR3 x x * 

• Member 3 states an importance degree vector {0.5, 
0.6, 0.6}. 
• Member 4 says 1 and 2 are important than 3. 
• Member 5 gives a subset of CNs {r1} that is 
determined as significant. 
• Member 6 ensures a subset of CNs and assigns 
importance to them in linguistic terms {r1: I, r2: VI}. 
• Member 7 evaluates each CNs in linguistic terms {I, I, 
I}. 

With the help of transformation functions stated in 
section 3 - step 2.1, importance relation matrices P11 to 
P17 are calculated. 

1.00 3.00 9.00 0.50 0.90 0.90
P11= 0.33 1.00 3.00 P12= 0.10 0.50 0.50

0.11 0.33 1.00 0.10 0.50 0.50

1.00 0.83 0.83 1.00 1.00 9.00
P13= 1.20 1.00 1.00 P14= 1.00 1.00 9.00

1.20 1.00 1.00 0.11 0.11 1.00

1.00 9.00 9.00 1.00 0.58 1.73
P15= 0.11 1.00 1.00 P16= 1.73 1.00 1.73

0.11 1.00 1.00 0.58 0.58 1.00

1.00 1.00 1.00 
P17= 1.00 1.00 1.00 

1.00 1.00 1.00 

To describe this step more clearly, some sample 
calculations of every member’s importance relation 
matrices are shown as follows. 

Member 1: The ordered importance vector of 
member 1 can be converted into a relative importance 
relation as 399 5.0111

12
21 uup  using Eq. (1) where 

1)13/()13(1u  and .5.0)13/()23(2u
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Member 2: Transforming the incomplete preference 
matrix of member 2 into a relative importance relation 
is described below. 

Known values are defuzzified using Eq. (7). For 
instance, defuzzified incomplete evaluation 12

21p  is 
calculated as 

1

0

1

0

12
21 .10.02.02/1)2.00(2/1p~F d

Eqs. (8) to (10) are used to estimate the missing 
values. 

Iteration 1. One set of elements to estimate is 
)}1,3(),3,1{( . With estimation process we have 

1
13H  as unknownppcp 5.012

23
12
12

21
13

12
13H  as 90.050.010.050.05.012

21
12
23

22
13 ppcp

3
13H  as unknownppcp 5.012

32
12
12

23
13 , thereby 

.90.013cp
1
31H  as unknownppcp 5.012

21
12
32

21
31

12
31H  as 10.050.050.010.05.0312

21
22
31 ppcp

3
31H  as unknownppcp 5.012

12
12
32

23
31 , thereby 

.10.031cp
Iteration 2. Another set of elements to estimate is 

)}2,3(),2,1{( . With estimation process we have 
1
12H  as unknownppcp 5.012

32
12
13

31
12

2
12H  as unknownppcp 5.012

31
12
32

32
12

13
12H  as 90.05.05.090.05.012

23
12
13

33
12 ppcp ,

thereby .90.012cp
1
32H  as unknownppcp 5.012

12
12
31

11
32

12
32H  as unknownppcp 5.012

13
12
12

12
32

3
32H  as 50.050.010.010.05.012

21
12
31

13
32 ppcp ,

thereby .50.023cp
Finally, after missing values are found, consistency 

should be checked. The consistency level matrix is 
calculated as Table 2. 

Table 2.  Consistency level matrix for the 
assessment of member 1. 

 Main F. Technical F. Marketing F.
Main F. - 0.58 0.50 

Technical F. 0.58 - 0.58 
Marketing F. 0.50 0.58 - 

For instance for 12
12p , the consistency level, computed 

using Eqs. (11) to (19), is as follows. 
EV1 = )}1,2{( ; EV2 = )}3,2(),1,2{( ; EV3 = )}3,2{( .
CP1 = 1/4, CP2 = 2/4, CP3 = 1/4. 

.67.02134/121112
For 12

12p , we have not any different alternative value than 
0.5 to calculate an estimated value, therefore 
consequently 012p .

.58.0
2

4/14/267,00167,0112CL
Member 3: If the importance degree vector of 

member 3 is converted into a relative importance 
relation using Eq.(2), we have .83.06.0/5.0/13

12 ji uup
Member 4: Here the member says 1 and 2 are more 

important than 3, but does not mention about the 
relative importance between then. Therefore, using 
Eq.(4) .114

12p
Member 5: For 15

12p  where i=1 and j=2,
RRjRi /,  notation is supplied for the subset 

which member chose. Using Eq.(5), 15
12p  is calculated as 

9. 
Member 6: The relative importance of member 3 

for 16
12p  can be calculated using Eq.(6) as 

.58.09 175.016
12p

Member 7: The linguistic term vector of member 7 
can be converted into a relative importance relation 
using Eq.(7) as .19 75.075.017

12p
Step 2.2 - “Collection of the assessments”: 

Considering the matrices P11 – P17, with the help of Eqs. 
(8) and (9), we make use of the IOWG operator with the 
fuzzy linguistic quantifier “at least half - (0, 0.5)” for 
finding the importance relation matrix of the group. It’s 
weighting vector is found as (0.2857, 0. 2857, 0. 2857, 
0.1429, 0, 0, 0). 

Then using Eq. (7), (transformed to Eq. (10) with 
the fuzzy quantifier), group importance relation matrix 
is as follows. 

 0.82 1.26 2.36 
P1 = 0.40 0.82 1.54 

 0.21 0.52 0.82 

As an instance, for 1
12p ,

17
12

16
12

15
12

14
12

13
12

12
12

11
12

7

1

1
12

1
12 ,,,,,, ppppppppp G

Q

w

l

l
l

26.100.158.000.900.183.090.000.3 0001429.02857.02857.02857.0

Step 2.3 - “Acquiring priorities from the evaluation 
matrix”: Eqs. (8) and (9) are used again for computing 
the weighting vector (0.667, 0.333, 0) corresponding 
again to the fuzzy linguistic quantifier “at least half.”  
Afterwards, by Eq. (11) group aggregated importance 
values of P1 are computed. 

Then, we can compute the associate importance 
values of the group 1 as (0.487, 0.345, 0.215) which are 
then normalized as (0.465, 0.330, 0.205). The procedure 
for the collaborative importance is as follows. 

3,2,1:log12/1 3
19

1
1 jpQGID j

G
Q
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487.036.226.182.0log12/1 0333.0667.0
9

3,2,1:log12/1 3
19

2
1 jpQGID j

G
Q

345.054.182.040.0log12/1 0333.0667.0
9

3,2,1:log12/1 3
19

3
1 jpQGID j

G
Q

215.082.052.021.0log12/1 0333.0667.0
9

The relative quantifiers are decided by the 
interviewer based on majority concept in the previous 
and present parts of this study. 

b- Group 2 - Teenagers: 
• Member 1 gives an ordered importance vector {1,2,3}. 
• Member 2 states an importance degree vector {0.6, 
0.3, 0.3} 
• Member 3 gives an incomplete evaluation matrix. 

 CR1 CR2 CR3 

CR1 * x x 
CR2 FL * FG 
CR3 x x * 

• Member 4 says 1 and 2 are important than 3. 
• Member 5 supplies a subset of CNs { r1,r2} that is 
found important. 
• Member 6 gives an evaluation matrix 

 CR1 CR2 CR3 

CR1 1 1 3 
CR2 1 1 3 
CR3 1/3 1/3 1 

• Member 7 evaluates CNs in linguistic terms {VI, I, I}. 
Importance relation matrices P21 to P27 are 

calculated as follows. 

1.00 3.00 9.00 1.00 2.00 2.00
P21= 0.33 1.00 3.00 P22= 0.50 1.00 1.00

0.11 0.33 1.00 0.50 1.00 1.00

0.50 0.70 0.90 1.00 1.00 9.00
P23= 0.30 0.50 0.70 P24= 1.00 1.00 9.00

0.10 0.30 0.50 0.11 0.11 1.00

1.00 1.00 9.00 1.00 1.00 3.00
P25= 1.00 1.00 9.00 P26= 1.00 1.00 3.00

0.11 0.11 1.00 0.33 0.33 1.00

1.00 1.73 1.73 
P27= 0.58 1.00 1.00 

0.58 1.00 1.00 

Step 2.2 - “Collection of the assessments”: 
Considering the matrices P21 – P27, the IOWG operator 
is used again with quantifier “at least half - (0, 0.5)” for 
finding the group importance relation matrix. Then 
using Eq. (7), (transformed to Eq. (10) with fuzzy 
quantifier), group importance relation matrix is as 
follows.

0.82 1.51 3.03 
P2 = 0.42 0.82 1.69 

0.17 0.48 0.82 

As an instance, for 2
12p ,

27
12

26
12

25
12

24
12

23
12

22
12

21
12

7

1

2
12

2
12 ,,,,,, ppppppppp G

Q

w

l

l
l

.51.134.100.100.100.170.000.200.3 0001429.02857.02857.02857.0

Step 2.3 - “Acquiring priorities from the evaluation 
matrix”: The weighting vector corresponding to the 
quantifier “at least half” is exerted again in this step. 
Then, Eq. (11) is used for computing group aggregated 
importance values of P2. The associate importance 
values of the group 2 are computed as (0.501, 0.355, 
0.172) which are then normalized as (0.487, 0.345, 
0.167). The procedure for the collaborative importance 
is as follows. 

3,2,1:log12/1 3
19

1
2 jpQGID j

G
Q

501.003.351.182.0log12/1 0333.0667.0
9

3,2,1:log12/1 3
19

2
2 jpQGID j

G
Q

355.069.182.042.0log12/1 0333.0667.0
9

3,2,1:log12/1 3
19

3
2 jpQGID j

G
Q

172.082.048.017.0log12/1 0333.0667.0
9

c- Group 3 - Adults: 
• Member 1 states an importance degree vector {0.4, 
0.3, 0.2} 
• Member 2 rates CNs in linguistic terms {I, MI, NI}. 
• Member 3 provides an importance ordering {1,2,3}. 
• Member 4 provides an incomplete evaluation matrix. 
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 CR1 CR2 CR3 

CR1 * x FG 
CR2 x * FG 
CR3 x x * 

• Member 5 supplies a subset of CNs {r2} that is found 
important. 
• Member 6 gives an evaluation matrix. 

 CR1 CR2 CR3 

CR1 1 2 3 
CR2 1/2 1 3 
CR3 1/3 1/3 1 

• Member 7 ensures a subset of CNs and assigns 
importance to them in linguistic terms {r2: MI}. 

Importance relation matrices P31 to P36 are 
calculated as:  

1.00 1.33 2.00 1.00 1.73 5.20
P31= 0.75 1.00 1.50 P32= 0.58 1.00 3.00

0.50 0.67 1.00 0.19 0.33 1.00

1.00 3.00 9.00 0.50 0.50 0.70
P33= 0.33 1.00 3.00 P34= 0.50 0.50 0.70

0.11 0.33 1.00 0.30 0.30 0.50

1.00 0.11 1.00 1.00 2.00 3.00
P35= 9.00 1.00 9.00 P36= 0.50 1.00 3.00

1.00 0.11 1.00 0.33 0.33 1.00

1.00 1.00 1.00 
P37= 1.00 1.00 1.00 

1.00 1.00 1.00 

Step 2.2 - “Collection of the assessments”: 
Considering the matrices P31 – P37, quantifier “at least 
half - (0, 0.5)” is used again with IOWG operator. Then 
using Eq. (7), (transformed to Eq. (10) with fuzzy 
quantifier), group importance relation matrix is as 
follows.

0.91 1.57 3.31 
P3 = 0.52 0.91 1.91 

0.25 0.43 0.91 

Step 2.3 - “Acquiring priorities from the evaluation 
matrix”: The weighting vector corresponding again to 
the fuzzy linguistic quantifier “at least half” is used in 
this step.  Then, Eq. (11) is used for computing group 
aggregated importance values of P3. The collaborative 
importance values of the group 3 are calculated as 
(0.520, 0.394, 0.224) which are then normalized as 
(0.457, 0.346, 0.197). The procedure for the 
collaborative importance is as follows. 

3,2,1:log12/1 3
19

1
3 jpQGID j

G
Q

520.031.357.191.0log12/1 0333.0667.0
9

3,2,1:log12/1 3
19

2
3 jpQGID j

G
Q

394.091.191.052.0log12/1 0333.0667.0
9

3,2,1:log12/1 3
19

3
3 jpQGID j

G
Q

224.091.043.025.0log12/1 0333.0667.0
9

Step 3 - “Defining DRs”: After the overall 
importance weights of CNs are found for all groups, 
based on surveys, and also expert views that have 
expertise in this topic, DRs are determined as: 
DR1: faster redesigned CPU,  
DR2: advanced easily upgradeable system software with 
codes,  
DR3: memory card input, lithium-ion battery,  
DR4: wide screen TFT LCD display,  
DR5: flexible design for add-on accessories,  
DR6: IEEE 802.11b wireless,  
DR7: touch sensitive buttons,  
DR8: upgradeable web browser. 

Step 4 - “Prioritizing DRs”: The remaining step 
encompasses the identification of the relationships of 
CNs with DRs and then, prioritizing these activities so 
as to create an action plan. Here, a matrix is constructed 
with the help of experts and relationships are assigned. 
The accuracy of the outcome heavily based on how 
qualified the relationship matrix is. Therefore, the 
relations are negociated comprehensively and a 
consensus decision is reached. Relation matrix is shown 
in the final HOQ matrix in Table 3. 

5. Verification of the study 

To indicate the validity and credibility of the 
studied method with incomplete preferences, we 
compare the results with a different existing approach 
which is proposed by Wang and Chen67. In their paper 
named ‘‘Incomplete fuzzy linguistic preference 
relations under uncertain environments’’, the authors 
also focus on the same situation, i.e. the availability of 
partial information. Wang and Chen’s approach differs 
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in the use of fuzzy linguistic evaluation variables 
instead of crisp values of incomplete fuzzy preference 
relations. Computational procedure is as follows. 

Suppose that there is a set of alternatives, and a 
fuzzy reciprocal multiplicative preference matrix 

)~(~
ijij aA  with ]9,9/1[ija  connected to this set, then the 

corresponding fuzzy reciprocal linguistic preference 
relation )~(~

ijpP  demonstrates an additive reciprocal, 
i.e., the statements below are equivalent: 

1R
ji

L
ij pp }.,...,1{, nji  (25) 

1M
ji

M
ij pp }.,...,1{, nji  (26) 

1L
ji

R
ij pp }.,...,1{, nji  (27) 

Also if a reciprocal fuzzy linguistic preference 
relation )~,~,~()~(~ R

ij
M
ij

L
ijij ppppP is consistent, then the 

statements below are equivalent: 

2/3R
ki

L
jk

L
ij ppp .kji  (28) 

2/3M
ki

M
jk

M
ij ppp .kji  (29) 

2/3L
ki

R
jk

R
ij ppp .kji  (30) 

2/)1(... )1()2)(1()1( ijpppp R
ji

L
jj

L
ii

L
ii .ji  (31) 

2/)1(... )1()2)(1()1( ijpppp M
ji

M
jj

M
ii

M
ii .ji  (32) 

2/)1(... )1()2)(1()1( ijpppp L
ji

R
jj

r
ii

R
ii .ji  (33) 

More detailed information can be seen in Wang and 
Chen’s paper67. According to computations, the results 
show that overall importance is same in both 
approaches. If we apply this method to find the missing 
values in each group’s incomplete decision matrices, we 
acquire the following computations. 

For member 2 of group ‘Children‘: 

 CR1 CR2 CR3 

CR1 * ),,( 121212
RML ppp ),,( 131313

RML ppp
CR2 (0,0.1,0.2) * (0.4,0.5,0.6) 
CR3 ),,( 313131

RML ppp ),,( 323232
RML ppp  * 

12112
RL pp , thereby .8.02.0112

Lp
12112

MM pp , thereby .9.01.0112
Mp

12112
LR pp , thereby .10112

Rp
12332

RL pp , thereby .4.06.0132
Lp

12332
MM pp , thereby .5.05.0132

Mp
12332

LR pp , thereby .6.04.0132
Rp

2/3213213
RLL ppp , thereby .9.02.04.05.113

Lp
2/3213213

MMM ppp , thereby .9.01.05.05.113
Mp

2/3213213
LRR ppp , thereby .9.006.05.113

Rp
11331

RL pp , thereby .1.09.0131
Lp

11331
RL pp , thereby .1.09.0131

Mp
11331

RL pp , thereby .1.09.0131
Rp

And the estimated matrix is: 

 CR1 CR2 CR3 

CR1 (0.5,0.5,0.5) (0.8,0.9,1) (0.9,0.9,0.9)
CR2 (0,0.1,0.2) (0.5,0.5,0.5) (0.4,0.5,0.6)
CR3 (0.1,0.1,0.1)(0.4,0.5,0.6) (0.5,0.5,0.5)

If we deffuzify the values with Eq.(7), we acquire the 
same values as in Section 4 - Step 2.1. 

0.50 0.90 0.90 
P12= 0.10 0.50 0.50 

0.10 0.50 0.50 

Similarly for groups ‘Teenagers’ and ‘Adults’, we 
obtained same outputs in both approaches for the 
incomplete preferences given by members. The missing 
preference computations resulted as expected; this 
means that the approach of our study is consistent and 
valid. Furthermore, we believe that the approach for 
controlling the consistency level and estimating errors is 
more clear and strong in the proposed method of 
Herrera-Viedma et al.62, which is implemented in this 
study. 

6. Concluding Remarks 

Being a customer focused quality management system; 
HOQ for product improvement includes great input data 
gathered from QFD team members. However, based on 
their background and experience, team members supply 
information about their preferences in various ways. As 
DMs state their preferences over alternatives in 
diversified structures, a fuzzy logic based QFD 
approach is developed to solve such a GDM problem. 
The prioritization of CNs is the key step in QFD for 
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acquiring the importance of DRs, thereby we believe 
that further significance should be given to analyze and 
associate relative personal evaluations in various even 
incomplete formats. 

In this paper, we  studied a method that helps us to 
merge both qualitative (linguistic) and quantitative 
(numerical) data for QFD; and we detected the CNs’ 
importance values using the fuzzy majority concept in a 
new application “Portable Entertainment and Game 
Systems”.  

To summarize the study, the main contributions 
may be underlined as follows: 

The main topics of the study have been investigated 
and presented comprehensively in the literature 
review. 
Multiple preference relations help to combine 
different types of evaluations and increase the 
flexibility in the GDM process. 
This study can be stated as one of the pioneers in 
the literature because of applying multiple 
preference formats including incomplete 
preferences. Since customers are allowed to give 
different formats of expressions instead of precise 
terms, the approach is helpful for stating the 
weights of the CNs. 
As the proposed approach prevents the decrement 
of information and the lack of certainty, the 
evaluations acquired from customers and designers 
are handled more accurately. 

Extended studies can include the use of different 
aggregation operators other than this proposed 
method81,83.
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