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Abstract

The aesthetic appearance and features of a product are the most censorious elements for the accomplishment of a product in
the industry. An aesthetic is the quality element which adds value to the product design. Product design is a basic need of
every manufacturing company in which visual aspects play an important role to enhance the customer satisfaction. Therefore,
Quality Function Deployment (QFD) can be considered as an effective tool for translating the customer’s voice into the design
of the product and its specifications. The Kano model helps to identify the desires of a product that brings greater satisfaction
or dissatisfaction level to the customer. Kano model tells the connection between the product’s attributes and its satisfaction to
the customer. For achieving better results, Fuzzy Kano model has been more favorably applied over traditional Kano model.
In this work, an approach of Integration of Kano model into QFD has been applied with an aim to examine the customer
satisfaction based on aesthetic sentiments. A Sport Utility Vehicle has been selected for the study. The aesthetic attributes
have been selected with the help of QFD and their importance and classification have been calculated using both Fuzzy Kano
and Traditional Kano model. The result of Fuzzy Kano and Traditional Kano model has also been compared to calculate the
effectiveness of the applied approach.

Keywords Kano model - Quality function deployment - Fuzzy Kano model - Aesthetic attributes - Product design - Customer

satisfaction

Introduction

Today’s customer purchases a particular product not only
because of its technical specification and advancement in
technology but also consider an aesthetic attributes which
play an important role in purchasing a product. It is gen-
erally recognized that the attractiveness of a product plays
an important role in achieving the market success of a com-
pany (Chang et al. 2007). The visual aspects of products
transmit/convey feelings that may be appear/seem as cheer-
ful, boring, friendly, expensive, rude or childish (Murdoch
and Flurscheim 1983; Creusen 2005). Insertion of aesthetic
aspects in product design process can create higher potential
of the product in the market. The modern customer selects
product not only on the basis of satisfaction level achieved by
their physical specification, for example, performance, qual-
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ity or price but also behave sentimentally when deciding to
buy a specific product (Lai et al. 2006; Yadav et al. 2016).

Many researchers have tried to find out the properties of
products which are associated with the aesthetic satisfaction.
Berlyne (1971) has proposed an inverted U-shaped relation
between aesthetic preference and complexity. Three kinds of
customers answers have been proposed to classify the prod-
uct varieties like: (1) Aesthetic Impression: it refers to the
sensation that comes from the perception of pleasant appear-
ance or gloomy appearance. (2) Semantic interpretation: it
refers to what a product is look to say about its physical
properties such as, function, mode-of-use and qualities, and
(3) Symbolic Association: it refers to the perception of what
a product says about its customer: the personal and social
significance connected to the product design (Crozier 1994;
Cupchik 1999; Lewalski 1988; Baxter 1995; Norman 2004;
Crilly et al. 2004; Chang et al. 2007).

Hekkert et al. (2003) have expressed that products having
the most desirable combination of prototypical and origi-
nality by virtue of being new and surprising are preferred
aesthetically. Ullah et al. (2016) have provided the means
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of integrating CAD, TRAIZ, and customer needs under
the umbrella of a customer needs assessment process. It
seems essential to identify the aesthetic requirements of cus-
tomers and then converts those requirements into product
specifications and design which is helpful and important
to make the product challenging in the market (Tontini
2003). So, there is a need of effective approaches that
can help the designer to increase the satisfaction level of
customers.

QFD may be defined as a customer-oriented approach that
converts the customer demands into product specification and
design, and reduces the cost of products as well as develop-
ment cycle time. QFD was firstly developed at Mitsubishi’s
Kobe Shipyards in 1972. QFD has been applied to fulfill cus-
tomer needs and improve the satisfaction level of customer.
QFD is an effective tool for translating the customer voice
into the product’s specification and design for the advance
growth of product (Sullivan 1986; Tan et al. 2000). QFD has
been successfully applied by various researchers. Shin and
Kim (2000) have developed a formal approach to reduce the
size of an HOQ chart using the concept of design decom-
position. The decomposition approaches developed attempt
to partition an HOQ chart into several smaller sub-HOQ
charts which can be solved efficiently and independently.
Chen et al. (2010) have applied QFD in the semiconductor
industry. Kasaei et al. (2013) have applied QFD for engineer-
ing material selection. Cardoso et al. (2014) have applied
QFD for the development of an organic product. Kowalska
et al. (2015) have applied QFD method to identify consumer
preferences for a new characteristic of a sponge-fatty cake as
well as designing of the high quality products of food indus-
try. Lam et al. (2016) have used QFD to improve maritime
supply chain resilience.

Kano and his colleagues in 1984 developed a concept to
find out various Kano categories of each attribute through
a customer survey. Kano model is the customer satisfaction
model based on product quality feature. The Kano model
of customer satisfaction classifies quality criteria into dif-
ferent categories namely Must-be quality, One-dimensional
quality, Attractive quality, Reversible quality and Indiffer-
ent quality. These Kano categories represent the effect of
product attribute on customer satisfaction and dissatisfac-
tion level. Kano model has been successfully applied by
various researchers. Ullah and Tamaki (2010) have pro-
posed an approach to measure the information content of
customer answers integrating the real and simulated cus-
tomer answers. This is helpful for identifying the correct
status (Must-be, Attractive, One-dimensional, Indifferent, or
Reverse) of each product attribute. Mikulic and Prebezac
(2011) have reviewed the most commonly used approaches
for the classification of quality attributes according to the
Kano model. The result shows that the Kano questionnaire
and the direct-classification method are the only approaches
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that are capable of classifying Kano attributes in the design
stage of a product.

Rashid and Ullah (2016) have describe a methodology to
identify the status of a product feature in terms of must-be,
should-be, or could-be categories and the collected customer
opinions are computed using a logical approach. Dou et al.
(2016) have proposed a combined Kano model and IGA
approach for more effective product customization to con-
duct customer-driven product design by fully considering
their individual preferences and simultaneously enhancing
effective user involvement. He et al. (2017) have proposed
an Importance-Frequency Kano (IF-Kano) model to deter-
mine appropriate Kano categories of CRs and target values of
engineering characteristics (ECs) to achieve the best balance
between enterprise satisfaction and customer satisfaction
(CS). Ilbahar and Cebi (2017) have proposed a novel Fuzzy
Kano approach to analyze and classify design parameters
according to customer expectations in order to evaluate the
usability of e-commerce websites in a more comprehensive
manner.

The Kano model can be implemented to classify the
product specification with the help of questionnaire. The
questionnaire used in traditional Kano model seems inca-
pable to highlight the critical thoughts of a customer. In Kano
questionnaire, the customer has only one option to select and
sometime customers get confused in selecting a single option
among other available options and want to distribute their
preferences to some other options. To overcome this issue,
Fuzzy set theory based Kano model can be applied to deal
with this type of issues and has been discussed.

Approaches used
Quality function deployment (QFD)

QFD is a customer-oriented tool that provides the path for
translating customer voice or needs into product specifica-
tion. QFD was first practiced in the 1970’s as a system by
a Mitsubishi engineer, Yoji Akao, at the Kobe Shipyard in
Japan. QFD has been widely used for quality improvement
around the world. It is the effective approach which provides
methodical support to design team for the development of
new product according to the customer needs. House of qual-
ity is the most commonly used matrix in QFD as in shown
in Fig. 1. As per the House of Quality (HoQ), customer
needs can be converted into product characteristics. Hence,
precision of customer requirements input is crucial for imple-
menting the HoQ with success (Zhang et al. 2014). Toyota
have halved their designing costs and decreased the time of
development by a one-third after using QFD (Hauser and
Clausing 1988, Chapter 4). Djekic et al. (2016) have applied
QFD for examining the shelf-life of Agaricus Bisporus Porto-
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bello. Zadry et al. (2015) have applied QFD for Identification
of design requirements for ergonomic long spinal board.

Kano model

Kano et al. (1984) have developed an effective approach
which categorizes the user requirement into different Kano
categories. The Kano model divides the product features into
five categories as shown in Fig. 2. In a real buying situation,
the customer cannot be able to correctly state the desired
product attributes. Therefore, the Kano model provides a
necessary support for identifying the actual needs of the cus-
tomer.
The five different quality attributes are:

1. Must-be quality: Customer is not pleased with the fulfill-
ment of quality attribute but if the quality attribute is not
fulfilled it will cause customer dissatisfaction.

2. One-dimensional quality: Customer satisfaction level is
directly proportional to the level of completion. Greater
the level of fulfillment greater the customer satisfaction
and vice- versa.

3. Attractive quality: Presence of these requirements leads
to customer satisfaction. If these requirements are not
present it will not create dissatisfaction.

4. Indifferent quality: This quality attributes do not create
any effect to customer satisfaction level whether these
requirements are available or not.

5. Reversal requirements: When reversible quality attribute
is present, it will create customer dissatisfaction and sat-
isfaction when they are not present.

To classify different types of customer needs, a survey
among the customers should be conducted. A pair of ques-
tion should be asked to the customer in such a way that how
they feel if the particular attribute is available in the prod-
uct and how they feel if the attribute is not present in the
product. For both questions, customers choose one of the
following responses as shown in Fig. 3. By combining the
answer of both the question, the requirement can be classified
in Table 1.

Fuzzy Kano model

The Traditional Kano survey allows the customer to select
only a single response from the alternatives, but it overlooks
the doubt of customer feelings. Whereas, the Fuzzy Kano
survey allows the customer to select multi-response with the
help of different Kano categories (Lee and Huang 2009).
Both the Traditional Kano model and the Fuzzy Kano model
use functional and dysfunctional questions to ask customers
about their feelings related to the product. But in the tradi-
tional Kano model, the customer is allowed to answer the
question only in a single way as shown in Fig. 3.

On the other hand, the Fuzzy Kano model uses a differ-
ent mode to permit customers with customized standard to
response each query, as well as another response for the same
matter has been shown in Fig. 4.

Integration of Fuzzy Kano into QFD

The important attributes of the product will be calculated by
QFD and the feelings of customers about these attributes will
be asked. On the basis of customers feeling the attributes will
be categories with the help of Fuzzy Kano questionnaire. The
Traditional Improvement Ratio can be set in the function by
using the theory of Kano’s Model. Final Adjusted Importance
can be calculated by multiplication of Self-Stated Importance
and the Adjusted Improvement Ratio. Following function has
been used for Improvement ratio (IR) and shown in Egs. (1)
and (2).

IRuaj = (1+m)* x IR, 1)

where IRy =Traditional Improvement Ratio, IR,; =
Adjusted Improvement Ratio.

m = max(|SI|, |DI|) 2

where SI =Satisfaction Index and, DI = Dissatisfaction
Index.
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Fig.2 Kano model of customer
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Fig. 3 Traditional Kano model
Table 1 Kano Evaluation Table Customer Non—Fulfilment
Require-
ments
Fulfilment 1.Like 2.Must-Be 3.Neutral 4 Live With 5.Dislike
1.Like Q A A A (0]
2.Must-Be R I 1 1 M
3.Neutral R 1 1 1 M
4.Live With R I 1 1 M
5.Dislike R R R R Q

User Requirements are: A attractive, O one-dimensional, M must-be, Q questionable, R reversal, / indifferent

Functional Dysfunctional
Dislike % 40%
Live- With % 60%
Neutral 40%
Must-Be 40%
Like 20%

Fig. 4 Fuzzy Kano model

Distinct Kano class decides the value of ‘k’, which can get
by DI-SI plot (Tontini 2003). The value of ‘k’ may be 0, 0.5,
1 and 1.5 for Indifferent, Must-be, One Dimensional and
Attractive quality correspondingly. An Adjustment Factor,
which adjusts the Original Improvement Ratio and multi-
plication of Adjusted Improvement, can be achieved by the
combined value of ‘m’ and respective Kano class. In this
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function, the highest importance will be given to attractive
character and lowest importance to indifferent character i.e.
‘K’ is set as a 1.5 for Attractive quality and O for Indifferent
quality. Indifferent quality can be innovative in nature and
initially when they were present, the customer is Indiffer-
ent to them. Tan and Shen (2000) have discussed that the
products those are of Attractive Quality are required to the
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customer and it also exceeds the expectations and customer
satisfaction. Kano (2001) has explicated that in a life cycle,
Indifferent quality can be turned into the Attractive quality
that’s why they cannot be ignored at all. More weightage will
be given to Attractive quality because of advance ideas of
current customer demands. As Must-be quality alone could
not make a product competitively. Earlier, Pawitra and Tan
(2003) have subsidized the above discussed matter but they
adjusted the Final Importance by using directly multiplier.
The presented technique can be used to find the importance of
several attributes with higher success rate. The major advan-
tage of Fuzzy Kano model over the traditional method is the
representation of unclear information with the help of differ-
ent ways to express the feelings.

Integration of Kano model into QFD

Kano model helps to find out which requirement bring sat-
isfaction to the customer when it is present in the product
specification and which requirement bring dissatisfaction to
the customer when it is not present in a product specifica-
tion. Thus, to achieve higher customer satisfaction, the Kano
model can be integrated into QFD. Hashim et al. (2012) have
applied Kano model and QFD approach to make better design
of school, workshops and workstation for teenagers with
respect to ergonomic and customer requirement. Chaudha
et al. 2011 have tried to integrate the Kano model into QFD
for development of good website design. Tontini (2007) has
integrated the Kano model into QFD for new product devel-
opment. This study examines the feasibility of integrated
approach for attaining the greater customer satisfaction level
with aesthetic feeling.

Customer satisfaction coefficient

Customer satisfaction coefficient for traditional
method

Berger et al. (1993) have presented a Customer Satisfaction
(CS) coefficient to present the ideas or feeling of dissatisfac-
tion or satisfaction that arrives from the non-completion or
completion of a customer need. The following formulas have
been used to calculate the CS coefficient (Berger et al. 1993;
Matzler 1998).

SI=(A+0)/(A+O0O+M+1) 3)
DI = (=) (M+0)/(A+O0+M+1) )

The value of SI (Eq. 3) & DI (Eq. 4) indexes can be vary-
ing from O to 1. In the formula of DI, negative (—ve) symbol
signifies the customer dissatisfaction and increases in the

direction of 0 to 1. The positive (+ve) CS coefficient limit
from O to 1, and the satisfaction level of customer increases
as the value come closer to 1. There is a slight effect on the
customer satisfaction level when the value of +ve CS coef-
ficient comes closer to 0. Simultaneously, it is important to
take the —ve CS coefficient into concern. If CS coefficient
comes closer to — 1 then the non-fulfillment of product spec-
ification will increase the dissatisfaction level of customer.
The CS coefficient reaches to 0, indicate that if the feature
does not meet will not cause dissatisfaction (Sauerwein et al.
1996).

Proposed customer satisfaction coefficient for Fuzzy
Kano method

The proposed method stated that, for finding the Customer
Satisfaction Coefficient the Reversal quality has been added
to the denominator because Reversal is also a quality attribute
that affects the customer demands in a various manner. The
negative symbol denotes the dissatisfaction of the customer.
The proposed method is helpful for Fuzzy Kano model for
computing the relative weights of the aesthetic attribute of
SUV profile and the similar method with Fuzzy values has
also been applied in traditional Kano model for computing
the relative weight of several aesthetic attributes of SUV pro-
file.

The proposed method stated that the Customer Satisfac-
tion Coefficient can be computed by Egs. 5 and 6:

SI=(A+0)/(A+O0O+I1+M+R) 5)
DI=M+0)/(A+O+I1+M+R)(—1) 6)

The value of ‘k’ can be found through various Kano cate-
gories those are founded by DI-SI plots. In this proposed
method, the value of ‘k’ can be considered as — 1, 0, 0.5, 1
and 1.5 for Reversal, Indifferent, Must-be, One-Dimensional
and Attractive quality correspondingly.

Here, the value of ‘k’ is considered as — 1 for Reversal
quality because Reversal quality is vice versa of One-
dimensional quality i.e., In Reversal quality, higher the
fulfillment of product specification, higher the customer dis-
satisfied whereas, In One-dimensional quality, higher the
fulfillment of product specification represents higher the cus-
tomer satisfaction as shown in Fig. 5.

Aesthetic attributes of SUV profile

A concise explanation of the meaning of “Aesthetic” in a dic-
tionary introduce “relating to the beautiful as distinguished
from the merely pleasing” and “relating to sensuous cogni-
tion” (Webster’s New International Dictionary, 2002). The
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Fig.5 Kano model of customer
satisfaction with Reversal
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shape of the product is the primary medium of aesthetic
whereas texture, size, material and other visual attributes of
aesthetic are also playing an important role for the success
of any product in the market. The combinations of all these
aesthetic attributes of a product make belief on customer and
exert strong feelings. This information makes task (impor-
tance attribute) complex or difficult to understand. To make
easier the task, all the aesthetic attributes of the product have
to be computed on an individual basis or one by one.

In this work, a configuration of an SUV has been selected
as an aesthetic quality for the customer’s happiness. SUV
are known for their robustness and higher off-road abilities.
SUV can perform much better on rough roads, hilly areas,
snow and at high altitude. Kreuzbauer and Malter (2005)
have stated that maximum consumer’s decision during pur-
chasing a vehicle depends on aesthetic rather than technical
performance/specifications. Aesthetic has become an impor-
tant issue that should be considered for designing any vehicle.
In automotive industries, the role of technological advance-
ment has become less important as compared to the aesthetic
attributes in the success of any vehicle in the market (Warell
etal. 2006). Ranscombe et al. (2012) have tried to investigate
the influence of aesthetic features and brand recognition of
vehicles. For the same purpose, they applied a technique to
a range of saloon cars and tried to establish the significance
and potency of individual aesthetic features. Martinez et al.
(2014) have proposed a method for assessing the aesthetic
quality of the car by using commercials videos. Hyun et al.
(2015) have developed a method of examining brand styles
based on product appearance similarity for generations of
design alternatives and design trend evaluations for strategic
design positioning.

@ Springer

fulfilment

Must be

Reversal
Quality

| Dissatisfaction

Many attributes are associated with the aesthetic qual-
ity for customer satisfaction. To assure the satisfaction of
the customer, it is necessary to recognize the importance of
aesthetic attributes. A number of aesthetic attributes for cus-
tomer satisfaction were obtained from literature surveys (Liu
2003; Rashid et al. 2004; Schenknar and Jonson 2000; Pham
1999; Talia and Noam 2004; Yadav et al. 2012, 2013) and
have been considered for the study. Eleven aesthetic attributes
were selected through the literature survey and discussed
with the industry-level product designers to enhance the aes-
thetic customer satisfaction. These eleven aesthetic attributes
are originality, energetic, sport-feeling, modern, aggressive,
feminine, youthful, challenging, enjoyable, tough appealing
and admiration.

Computational problem

In this work, “The aesthetic attribute of SUV profile” has
been taken to show the difference in the traditional Kano’s
model and the combination of Fuzzy theory and Kano model.
This problem has been classified into two level or phase: the
quality attribute category and the questionnaire.

1. Fuzzy Kano’s questionnaire: The design of a question-
naire has been formulated on the basis of Haahti and
Yavas (2004) and eleven aesthetic attributes of a SUV
have been bringing out through the questionnaire. For the
rating of a questionnaire, 312 customers were selected out
of which 62% male and 38% female customer were cho-
sen. To achieve the gap between traditional Kano’s model
and the combination of Fuzzy theory and Kano model,
Fuzzy Kano’s questionnaire and traditional Kano’s ques-
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tionnaires were prepared for the customer to express their
feelings on the aesthetic attribute of SUV profile. The
comparison of the individual customer feeling for both
functional and dysfunctional questions were compared
such as: “If the SUV is energetic how you feel?” that
is a functional form of question and “If the SUV is not
energetic how you feel?” that is a dysfunctional form of
question shown in Table 2.

The comparison between Traditional Kano and Fuzzy
Kano has been shown in Table 2, and it has been
found out that in Fuzzy Kano’s questionnaire, the cus-
tomer appeared for multi-feeling whereas, in Traditional
Kano’s questionnaire, the customer has to select only
one answer and the other will be ignored. Fuzzy Kano’s
questionnaire is capable for customer to deliver their
ideas, feelings and emotions more efficiently. Even small
feeling or ideas of the customer can easily get to know
through a Fuzzy Kano’s questionnaire.

2. Fuzzy Kano’s judgment: According to the rating given
by the customers for “energetic” attribute, execution of
the Fuzzy Kano’s model has been applied for judging the
attribute. The actual sample of 312 copies means Fuzzy
sample fs={1,2,3,...,312}. If the question is asked to
‘customer 1’ that “whether the SUV is energetic or not”
then the ‘customer 1’ belongs to which type of qual-
ity attribute, its Fuzzy idea result will be shown with
the combination of a functional question (positive) and
dysfunctional question (negative) as shown in Table 3.
Formulation of quality is required: (0) indicate “Yes” and
(1) indicate “No”.

P ={1,0,0,0,0}

N=1{0,0,1,1,1}

It shows that in Traditional Kano model, the customer
chose only single alternative out of five alternative
whereas, in Fuzzy Kano, the customer chose several
alternatives (with percentage) through Fuzzy Kano ques-
tionnaire and can be used to convey customer feeling for
“energetic” attribute as given below:

mP = {1, 0, 0,0, 0}
mN = {0,0,0.1,0.2, 0.7}

Use matrix multiplication, mp’ ® mN will obtain a 5*5
Kano’s two-dimensional Fuzzy relation combination ‘S’ as:

000.10.20.7
000 0 O
S=]1000 0 O
000 0 O
000 0 O
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Table 3 Total level of quality attribute of 10 interviewees

M 0 A I R Q
1. 0.12 0.48 0.32 0.08 0 0
2. 0 0.7 0.3 0 0 0
3. 0 0.15 0.85 0 0 0
4. 0.08 0.72 0.18 0.02 0 0
5. 0.02 0.08 0.72 0.18 0 0
6. 0 0.8 0.2 0 0 0
7. 0 0.6 0.4 0 0 0
8. 0 0 0.9 0.1 0 0
9. 0.225 0.675 0.075 0.025 0 0
10. 0.112 0.637 0.212 0.037 0 0

Table 4 Classification of 10 customers common consensus o > 0.4

M O A 1 R

e}

D A B

10.

0
0
0
0
0
0
0
0
0
0
Frequency 0

e = =
A O O = = O = O = O O
S O O O O O O o o o o
S O O O O O O o o o o
S O O O O O O o o o o

After finding the matrix ‘S’, the classification of two
dimensional aesthetic attributes has been obtained by pre-
vious literature, knowledge and skill as shown in Table 1.

Considering to “Whether the SUV profile is energetic?”,
‘customer 1’ has 0.3 (30%) feeling of this subject related to
Attractive aesthetic quality attribute while 0.7 (70%) feeling
of this issue belonging to One-dimensional aesthetic quality
attribute.

T = {0/M0.7/00.3/A 0/10/R}

Following the above steps, views of 312 customers on each
aesthetic quality attribute of SUV profile has been obtained.
To achieve higher customer satisfaction and identification,
the a-cut common consensus standard concept has been used
to get Threshold value {Th} a (a>0.4). If total aesthetic
quality attribute level is higher than «, it will be considered
as ‘1, and if the aesthetic quality attribute level is less than
a, then it will be considered as ‘0’ (Table 4).

The Fuzzy Kano model is useful to find the largest identi-
fication frequency of quality attribute agreed by the majority.
In Fuzzy Kano model, when a>0.4, then the highest
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Table 5 Comparison of

raditional and fuzzy numeric Category Traditional Kano Fuzzy Kano (a>0.5) Fuzzy Kano (a>0.4)
classification A 94 138 152

O 116 116 128

M 63 85 96

R 15 12 14

I 24 42 55

Q 0 0 0
Table 6 SI, DI (Fuzzy model), and aesthetic attributes category
Attributes SI DI Fuzzy Fuzzy Traditional

Kano Kano Kano
category(a>0.5) category(a > 0.4) category

Originality 0.41 0.76 M M M
Energetic 0.54 0.50 o (6] A
Sport-feeling 0.63 0.81 M M (6]
Modern 0.67 0.57 O A O
Aggressive 0.54 0.65 M M M
Youthful 0.69 0.51 A A A
Challenging 0.71 0.50 O (6] A
Enjoyable 0.43 0.87 M M M
Feminine 0.17 0.07 R R R
Tough appealing 0.65 0.69 M M O
Admiration 0.31 0.87 M M M

response for the quality attribute of 10 customers for a par-
ticular quality attribute, “energetic” is “One-dimensional”.
In other words, seven customers identify or accept the result
of “One-dimensional” whereas, in traditional Kano model,
the response for the quality attribute of 10 customers is “At-
tractive”. Comparison of traditional Kano’s questionnaire,
numeric statistics, and Fuzzy Kano’s mode for 10 customers
has been shown in Table 5 as an example.

Two values of quality attribute ‘o’ have been selected for
the study and these are 0.5 and 0.4. If we are using the value of
aas 0.5, the percentage of accepting a particular attribute will
be increase and the percentage of selecting other alternatives
will be decreased. In this case, the customer will be able
to select only one attributes, but in the case of o =0.4, the
possibilities of selecting more than one alternative will be
increased because the customer can give 40% weightage to
two different attributes. Therefore, under o > 0.4 standard,
the result will be accepted by the majority. The aesthetic
attribute of SUV profile has been compared in traditional
Kano’s questionnaire and Fuzzy Kano’s questionnaire with
SI, DI of Fuzzy mode have been shown in Table 6.

In this work, aesthetic attributes of SUV profile have been
categorized into several traditional Kano classes and Fuzzy
Kano that makes customer satisfaction or dissatisfaction due

to the fulfillment or non-fulfillment of each aesthetic attribute
of SUV profile.

Different Kano categories have been found by traditional
Kano model for several attribute of SUV profile as shown in
Table 7 and Fig. 6.

By applying the Fuzzy Kano model, it has been found that
there is a change in the category of few attributes and these
few attributes are energetic, sport feeling, challenging and
tough appealing as show in Table 8§ and Fig. 7.

In this study, the highest self-stated importance has been
given to must-be attribute by the customers. The adjusted
improvement ratio has been calculated by function discussed
by Chaudha et al. (2011) and proposed approach has been
used to calculate the ST and DI by adding the reversal attribute
to the denominator because Reversal is also a quality attribute
which affects the customer demand in the different manner as
shown in Table 9. Distinct Kano class decides the value of ‘k’,
which can get by DI-SI plot (Tontini 2003). The value of k’
may be — 1 for reversal attribute because reversal attribute
is vice versa of one-dimensional attribute. Here it can be
clearly found that Must-be characteristics have less Relative
Importance if the Self Stated Importance is higher.
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Table 7 The traditional Kano classification of aesthetic attribute

Attributes A (0] M R I Total Category
Originality 72 56 184 0 0 312 M
Energetic 90 80 77 0 64 312 A
Sport-feeling 54 143 110 0 5 312 (0]
Modern 94 116 63 15 24 312 (¢}
Aggressive 101 70 134 0 7 312 M
Youthful 134 83 79 0 16 312 A
Challenging 120 102 56 2 32 312 A
Enjoyable 36 101 172 0 3 312 M
Feminine 42 13 11 218 28 312 R
Tough appealing 93 111 106 0 2 312 o
Admiration 36 61 213 0 2 312 M
A attractive, O one-dimensional, M must-be, I indifferent, R reversal
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Fig. 6 Traditional Kano classification of aesthetic attribute

Discussion

In this work, the result of the study on “Aesthetic attribute
of good SUV profile” depicts that for a particular aesthetic
attribute most customers do not have only individual sen-
timent but also have various sentiments with the difference.
Therefore, the traditional Kano model questionnaire is unsat-
isfactory as the only a single response is choosing by the
customer under complex decision environment. Traditional
numeric classification is convenient in the calculation and
very easy to solve, but the result of classification is unable to
obtain half agreement. In Fuzzy Kano model, the response
of customer is agreed and accepted by majority by using
a-cut standard. Different quality attribute classification can
be obtained by adjustment of the a-cut standard. Based on
Berger et al. (1993) CS Coefficient, a Reversal characteristic
has been introduced to calculate the SI & DI because Rever-
sal is also a quality characteristic which affects the customer
requirements in a different manner. These new SI & DI can

@ Springer

describe those requirements that really bring differentiation
to the aesthetic attribute of SUV profile. It can also identify
those requirements that are unfavorable to the customers, and
therefore can bring dissatisfaction to customer expectation
with the fulfillment of that particular Reversal characteristic.
The paper also describes a function of Adjusted Improve-
ment Ratio in which the value of ‘k’ can be taken as — 1 for
Reversal characteristics as Reversal characteristics are the
vice versa of One-dimensional characteristics. This proposed
approach has been proved very useful to identify the user
demands in a more desirable way and can help to enhance
the level of customer satisfaction in a modified way.
Sensitivity analysis has been performed by varying the
number of respondents. In the presented study, sensitivity
analysis has been performed at five levels i.e. (0%, 10%,
—10%, +20%, —20%). In the first level, the number of
respondents has not been changed. In the second and third
levels, 10% increment and decrement have been done in the
attribute have a maximum number of respondents and the
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Table 8 The fuzzy Kano classification of aesthetic attribute (o> 0.4)
Attributes A (0] M R I Total Category
Originality 78 42 192 0 0 312 M
Energetic 97 102 82 0 31 312 o
Sport-feeling 80 64 165 0 3 312 M
Modern 122 73 92 11 14 312 A
Aggressive 69 91 143 0 9 312 M
Youthful 116 97 83 4 12 312 A
Challenging 74 121 88 3 26 312 o
Enjoyable 72 78 161 0 1 312 M
Feminine 36 18 32 209 17 312 R
Tough appealing 77 110 117 0 8 312 M
Admiration 56 48 205 0 3 312 M
A attractive, O one-dimensional, M must-be, / indifferent, R reversal
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Fig.7 Fuzzy Kano classification of aesthetic attribute

same number of respondents have been added to the other
attributes according to their percentage contribution in total
summation of the respondent. Similarly, at the fourth and
fifth level, 20 increments and decrement has been done in
the attribute have a maximum number of respondents and
the same number of respondent have been added to the other
attributes according to their percentage contribution in total
summation of the respondent.

For performing Sensitivity Analysis, two attributes have
been taken (Originality and Energetic) and Sensitivity Anal-
ysis has been performed at five levelsi.e., (0%, 10%, — 10%,
+20%, —20) and has been shown in Tables 10, 11. The cat-
egory of originality attribute does not changed in any of the
five levels because the category of the attribute is more dom-
inating. The category of energetic attribute gets changed at 2
levelsi.e., (— 10% & — 20%) because two categories are very
close to each other, this means that there is a requirement of
further information. In that case below approach can be used
to identify the category of attribute (Berger et al. 1993).

If (one dimension+ attractive+must be)> (indifferent +
reversible + questionable).

Then maximum category is (one dimensional, attractive,
must be)

Else maximum category is (indifferent, reversible, and
questionable).

The presented work deals with a technique that converts
the customer voice into product designs. This approach will
be helpful for the product designer, industrial designer and
researchers for designing a product according to customer’s
needs or requirements. With the help of this approach, the
product designers can easily categories the customer require-
ments and integrate those requirements into a final product
design that helps to achieve the higher customer satisfaction
and attraction.

@ Springer
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Table 11 Sensitivity Analysis, Change in category

Attributes 0% +10% —10% +20% —20%
Originality M M M M M
Energetic o o A o A

Concluding remarks and scope of future
work

1. Areversal attribute is introduced for the calculation of SI
and DI because reversal attribute is also a quality attribute
which affects the customer requirement.

2. The presented work defines a function of Adjusted
Improvement Ratio in which the value of ‘k’ can be taken
as — 1 for Reversal characteristics.

3. Limitations: The major limitation of this research is that
it may be difficult to apply this approach to a totally new
product which is not already introduced in the market. In
such conditions, customers will be unaware of different
aspects of the product and survey results will be irrele-
vant. The results of the study are specific to the particular
geographic area and the particular segment of the popu-
lation.

4. Recommendation for further authors: For further
researchers, a Kano model can be integrated with Fuzzy
AHP and TOPSIS method, so that we can able to find out
which criterion is most important and which is least.

References

Baxter, M. (1995). Product design: A practical guide to systematic
methods of new product development. London: Chapman & Hall.

Berger, C., Blauth, R., Boger, D., Bolster, C., Burchill, G., DuMouchel,
W., et al. (1993). Kano’s method for understanding customer
defined quality. Center for Quality of Management Journal, 2,
2-36.

Berlyne, David E. (1971). Aesthetics and psychobiology. New York:
Appleton-Century-Crofts.

Cardoso, J. F, Filho, N. C., & Miguel, P. A. C. (2014). Application
of quality function deployment for the development of an organic
product. Food Quality and Preference, 40, 180-190.

Chang, H. C,, Lai, H. H., & Chang, Y. M. (2007). A measurement
scale for evaluating the attractiveness of a passenger car form
aimed at young consumers. International Journal of Industrial
Ergonomics, 37, 21-30.

Chaudha, A., Jain, R., Singh, A. R., & Mishra, P. K. (2011). Integra-
tion of Kano’s Model into quality function deployment (QFD).
International Journal Advance Manufacturing Technology, 53,
689-698.

Chen, C. C. (2010). Application of quality function deployment in the
semiconductor industry: A case study. Computers & Industrial
Engineering, 58, 672-679.

Creusen, M. E. H., & Schoormans, J. P. L. (2005). The different roles
of product appearance in consumer choice. Journal of Product
Innovation Management, 22, 63-81.

Crilly, N., Moultrie, J., & Clarkson, P. J. (2004). Seeing things: Con-
sumer response to the visual domain in product design. Design
Studies, 25(6), 547-577.

Crozier, W. R. (1994). Manufactured pleasures: Psychological
response to design. Manchester, UK: Manchester University
Press.

Cupchik, G. C. (1999). Emotion and industrial design: reconciling
meanings and feelings. In First international conference on design
& emotion, Delft, The Netherlands, pp. 75-82.

Djekic, I., Vunduk, J., Tomasevic, I., Kozarski, M., Petrovic, P., Niksic,
M., et al. (2016). Application of quality function deployment on
shelf-life analysis of Agaricus bisporus Portobello. LWT—Food
Science and Technology, 78, 82—89.

Dou, R., Zhang, Y., & Nan, G. (2016). Application of combined Kano
model and interactive Genetic Algorithm for product customiza-
tion. Journal of Intelligent Manufacturing. https://doi.org/10.100
7/510845-016-1280-4.

Haahti, A., & Yavas, U. (2004). A multi-attribute approach to under-
standing image of a Theme park: The case of SantaPark in
Lapland. European Business Review, 16(4), 390-397.

Hashim, A. M., & Dawal, S. Z. M. (2012). Kano model and QFD
integration approach for Ergonomic Design Improvement. Proce-
dia—Social and Behavioral Sciences, 57, 22-32.

Hauser, J., & Clausing, D. (1988). The house of quality. Harvard Busi-
ness Review, 66, 63-73.

He, L., Song, W., Wu, Z., Xu, Z., Zheng, M., & Ming, X. (2017). Quan-
tification and integration of an improved Kano model into QFD
based on multi-population adaptive genetic algorithm. Computers
& Industrial Engineering, 114, 183-194.

Hekkert, P., Snelders, D., & van Wieringen, P. C. (2003). Most advanced
yet acceptable: Typicality and novelty as joint predictors of
aesthetic preference in industrial design. British Journal of Psy-
chology, 94(1), 111-124.

Hyun, K. H., Lee, J. H., Kim, M., & Cho, S. (2015). Style synthesis and
analysis of car designs for style quantification based on product
appearance similarities. Advanced Engineering Informatics, 29,
483-494.

Ilbahar, E., & Cebi, S. (2017). Classification of design parameters for
E-commerce websites: A novel fuzzy Kano approach. Telematics
and Informatics, 34(8), 1814—1825.

Kano, N. (2001). Life Cycle and Creation of attractive quality. In
Paper presented at the 4th International QMOD Conference
Quality Management and Organization Development, Link-
opingsUniversitet, Sweden.

Kano, N., Seraku, N., Takahashi, F., & Tsuji, S. (1984). Attractive
quality and must be quality. The Journal of Japanese Society for
Quality Control, 14(2), 39-48.

Kasaei, A., Abedian, A., & Milani, A. S. (2013). An application
of quality function deployment method in engineering materials
selection. Materials and Design, 55, 912-920.

Kowalska, M., Pazdzior, M., & Maziopa, A. K. (2015). Implementation
of QFD method in quality analysis of confectionery products.
Journal of Intelligent Manufacturing, 29, 439-447.

Kreuzbauer, R., & Malter, A. J. (2005). Embodied cognition and
new product design: Changing product form to influence brand
categorization. Journal of Product Innovation Management, 22,
165-176.

Lai, H. H,, Lin, Y. C., Yeh, C. H., & Wei, C. H. (2006). User-oriented
design for the optimal combination on product design. Interna-
tional Journal of Production Economics, 100, 253-267.

Lam, J. S. L., & Bai, X. (2016). A quality function deployment
approach to improve maritime supply chain resilience. Trans-
portation Research Part E: Logistics and Transportation Review,
92, 16-27.

Lee, Y. C., & Huang, Y. S. (2009). A new fuzzy concept approach for
Kano’s model. Expert System with Applications, 36, 4479-4484.

@ Springer


https://doi.org/10.1007/s10845-016-1280-4

284

Journal of Intelligent Manufacturing (2020) 31:271-284

Lewalski, Z. M. (1988). Product esthetics: An interpretation for design-
ers. Carson City: Design & Development Engineering Press.

Liu, Y. (2003). Engineering aesthetics and aesthetics ergonomics: The-
oretical foundation and dual process methodology. Ergonomics,
46(11/14), 1273-1292.

Martinez, F. F., Garcia, A. H., & Maria, F. D. (2014). Succeeding meta-
data based annotation scheme and visual tips for the automatic
assessment of video aesthetic quality in car commercials. Expert
Systems with Applications, 42, 293-305.

Matzler, K., & St Hinterhuber, H. H. (1998). How to make prod-
uct development projects more successful by integrating Kano’s
Model of customer satisfaction into quality function deployment.
Technovation, 18, 25-38.

Mikulic, J., & Prebezac, D. (2011). A critical review of techniques
for classifying quality attributes in the Kano model. Managing
Service Quality: An International Journal, 21, 46—66.

Murdoch, P.,, & Flurscheim, C. H. (1983). Form. In Charles H.
Flurscheim (Ed.), Industrial design in engineering (pp. 105-131).
Worcester: The Design Council.

Norman, D. A. (2004). Emotional design: Why we love (or hate) every-
day things. New York, NY: Basic Books.

Pawitra, T. A., & Tan, K. C. (2003). Tourist Satisfaction in Singapore:
A perspective from Indonesian Tourists. Manage ServQual, 14(5),
426-435.

Pham, B. (1999). Design for aesthetics: interaction of design variables
and aesthetics properties. In Proceedings of SPIE IS&T/SPIE
11th annual symposium—electronic imaging’99, San Jose, USA,
pp. 364-371.

Ranscombe, C., Hicks, B., Mullineux, G., & Singh, B. (2012). Visually
decomposing vehicle images: Exploring the influence of different
aesthetic features on consumer perception of brand. Design Stud-
ies, 33, 319-341.

Rashid, A., Mc Donald, B. J., & Hashmi, M. S. J. (2004). Evaluation of
aesthetics of products and integrating of the finding in a proposed
design system. Journal of Material Processing Technology, 153,
380-385.

Rashid, M. M., & Ullah, A. M. M. S. (2016). A possibilistic approach
for aggregating customer opinions in product development. Sys-
tems, 4(17), 1-13.

Sauerwein E, Bailom F, Matzler K, Hinterhuber H. H. (1996). The
Kano model: How to delight your customers. In Presented at the
9th Int. Working Sem. Production Economics, Innsbruck, Austria,
pp- 19-23.

Schenkman, B. N., & Jonsson, F. U. (2000). Aesthetics and prefer-
ences of web pages. Behavior and Information Technology, 19(5),
367-3717.

@ Springer

Shin, J. S., & Kim, K. J. (2000). Complexity reduction of a design
problem in QFD using decomposition. Journal of Intelligent Man-
ufacturing, 11, 339-354.

Sullivan, L. P. (1986). Quality function deployment. Quality Progress,
19, 39-50.

Talia, L., & Noam, T. (2004). Assessing dimensions of perceived visual
aesthetics of websites. International Journal of Human Computer
Studies, 60, 269-298.

Tan, K. C., & Shen, X. X. (2000). Integrating Kano’s model in the
planning matrix of quality function deployment. Total Quality
Management, 11(8), 1141-1151.

Tontini, G. (2003). Develop of customer needs in the QFD using a
modified Kano model. Journal of the Academy of Business and
Economics, 2, 103-115.

Tontini, G. (2007). Integrating the Kano model and QFD for designing
new products. Total Quality Management, 18(6), 599-612.
Ullah, A. M. M. S., Sato, M., Watanabe, M., & Rashid, M. M. (2016).
Integrating CAD, TRIZ, and customer needs. International Jour-

nal of Automation Technology, 10(2), 132—143.

Ullah, A. M. M. S., & Tamaki, J. (2010). Analysis of Kano-Model-
based customer needs for product development. Systems Engi-
neering, 14(2), 154-172.

Warell, A., Stridsman-Dahlstr€om, J., Fjellner, C. (2006). Visual prod-
uct identity: Understanding identity perceptions conveyed by
visual product design. In K. M (Ed.), 5th international confer-
ence on design & emotion. GEoteborg.

Yadav, H. C., Jain, R., Shukla, S., Avikal, S., & Mishra, P. K. (2013).
Prioritization of aesthetic attributes of car profile. International
Journal of Industrial Ergonomics, 43, 296-303.

Yadav, H. C., Jain, R., Singh, A. R., & Mishra, P. K. (2012). An
integrated approach to enhance aesthetic quality of a car profile.
International Journal of Design Engineering, 5(1), 65-90.

Yadav, H. C., Jain, R., Singh, A. R., & Mishra, P. K. (2016). Kano
integrated robust design approach for aesthetical product design:
A case study of a car profile. Journal of Intelligent Manufacturing,
28(7), 1709-17217.

Zadry, H. R., Rahmayanti, D., Susanti, L., & Fatrias, D. (2015). Iden-
tification of design requirements for ergonomic long spinal board
using quality function deployment (QFD). Procedia Manufactur-
ing, 3, 4673-4680.

Zhang, E., Yang, M., & Liu, W. (2014). Using integrated quality
function deployment and theory of innovation problem solving
approach for ergonomic product design. Computers & Industrial
Engineering, 76, 60-74.



	QFD and Fuzzy Kano model based approach for classification of aesthetic attributes of SUV car profile
	Abstract
	Introduction
	Approaches used
	Quality function deployment (QFD)
	Kano model
	Fuzzy Kano model
	Integration of Fuzzy Kano into QFD
	Integration of Kano model into QFD

	Customer satisfaction coefficient
	Customer satisfaction coefficient for traditional method
	Proposed customer satisfaction coefficient for Fuzzy Kano method

	Aesthetic attributes of SUV profile
	Computational problem
	Discussion
	Concluding remarks and scope of future work
	References




