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Abstract: - Supply Market survey, which contain hard to find market survey information, including market
value, market volume, competitor analysis and market forecasts. These information will enable purchaser to
understand the key market drivers within the supplies industry and gain insight into the key issues and leading
companies within the market. Data mining has been successfully applied in many fields. However, little
research has also been applied to evaluate service quality for the mobile phone of various brands using the
integrated approach involving grey relational analysis, Kano's model and quality function development. This
study attempts to evaluate service quality for helping decision makers to guide improvement efforts in
strengthening their important customer attributes and technical characteristics, and to facilitate decision
analysis by using an integrated approach. By applying the proposed approach, service quality can be found to
improve supply market survey with purchasing. The results of this study can provide an effective procedure of

enhance competitiveness in the marketplace.

Key-Words: - Supply market survey with purchasing, Data mining, Grey relational analysis, Kano's model,
Quality function deployment, Technical characteristics.

1 Introduction

Supply market survey assist procurement planning
and the ongoing management of supply
arrangements by identifying structure of the market,
market behaviours, supply chain, barriers to market
entry, environmental factors, ethical considerations
and the buyer’s value in the market [19]. Successful
supply market survey can establish a competitive
advantage in the marketplace by reducing supply
costs and risks. The goal of supply market survey is
to identify and assess how changing elements of the
marketing mix impacts customer behavior. Supply
market survey is often partitioned into two sets of
categorical pairs, either by target market [16]:

e Customer, and
e Business-to-business (B2B).

Customers have an expectation about the
service quality. If their actually experience than
their expectations, then they will feel satisfy. If not,
then they will feel not satisfy. Therefore,
satisfaction is a tool to measure in each field of
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people's feelings of service quality, and it is widely
used and is also an approval measure index [23]. In
Taiwan, the penetration rate of mobile phones was
the highest in the world [10]. Mobile phone is a
high value-added product, so the service quality is
critical issue for the purchasers and manufacturers.
Service quality of a mobile phone is always
considered as one of very necessary steps in the
mobile phone development and marketing
procedure. In order to fulfill high service quality,
the service quality should be identified and
analyzed.

In related service quality studies, most literature
on service quality is based upon the traditional one-
dimension quality model. That is, the result is
restricted that if a service provider delivers what
customers expected well, the customers are
satisfied. If not, the customers are not satisfied.
This traditional one-dimension quality model is not
enough [14, 23]. On the other hand, the Kano's two-
dimension quality model (Kano's model) argues
that quality element's sufficiency may not enough

Issue 2, Volume 9, February 2012



WSEAS TRANSACTIONS on
INFORMATION SCIENCE and APPLICATIONS

to satisfy the customer's quality expectation.
Sometimes it may be result in unsatisfied or no
feeling for the customer. This is the core concept of
the Kano's model. Focused on the service quality,
Witell [3], Matzler [15], Tan [13], Jane [2], Chen
and Lee [23] agree that the Kano's model has more
profits.

In addition, data mining has been successfully
applied in many fields and plausible in prediction
[6], biomedical technology [20], investment risk
[9], human resource management [17],
manufacturing [5], production schedule [7],
marketing [16] and others [19]. However, little
research has also been applied to evaluate service
quality for the mobile phone of various brands
using the integrated approach involving grey
relational analysis, Kano's model and quality
function development (QFD). The penetration rates
of mobile phones for Brand N, Brand M and Brand
S were the top three in Taiwan, so this study
proposes an integrated approach, using a large
questionnarie database, to evaluate service quality
of three brands for the professional bussiness
purchaser in Taiwan. By applying the proposed
approach, service quality can be found to enhance
supply  market survey with  purchasing
competitiveness in the mobile phone marketplace.

2 Kano's Model and QFD

2.1 Kano's Model

Kano et al. (1984) established a model to categorize
the customer attributes of a product or service
based on how well they are able to satisfy customer
needs [13, 18, 21]. The Kano's categories of
perceived quality are as follow.
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(1) Attractive quality element

Attractive quality elements can be described as
surprises and delight attributes; they provide
satisfaction when achieved fully, but do not cause
dissatisfaction when not fulfilled [3, 21].

(2) One-dimensional quality element

For these customer needs, customer satisfaction
is a linear function of the performance of the
product / service attribute. High attribute
performance leads to high customer satisfaction
[13].

(3) Indifferent quality element

Indifferent quality element refers to asoects that
are neither good nor bad. The attribute performance
do not result in either customer satisfaction or
customer dissatisfaction [3].

(4) Must-be quality element

For these customer needs, customers become
dissatisfied when performance of the product /
service attribute is low. However, customer
satisfaction does not rise above neutral even with a
high performance of the product / service attribute
[13].

(5) Reverse quality element

For these needs, customers become dissatisfied

when performance of the product / service attribute

is high. It refers to a low degree of achievement
resulting in satisfaction.

The following diagram is the popularly named
Kano's categories as Figure 1.

Very Satisfied
Attractive
A
- One-Dimensiona
Indifferent
Not at All —==zts Fully | Degree of Achievement
-m=m= 0 Must-Be
* Reverse
Very Dissatisfied

Fig. 1. Kano's categories.
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2.2 Quality Function Development

QFD is a Japanese development and design
technology. QFD was first introduced by Akao in
1972 at Mitsubishi’s Kobe shipyard site, and then
Toyota and its suppliers developed it further for a
rust prevention study [8]. After the concept of QFD
was introduced in the US through auto
manufacturers and parts suppliers, many US firms,
such as AT&T, Digital Equipment, Ford, GM,
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many industries, because it is a cross-functional
planning tool which is used to ensure that the voice
of the customer is deployed throughout the product
planning and design stages. Because the voice of
customer is essential, the house of quality (HOQ)
converts each customer attribute into one or more
technical characteristics in the phase of QFD. The
main goal of HOQ is to identify customer attributes
and weights for the product (WHATS) and then to

t th i t int technical

Hewlett-Packard, Procter & Gamble, and Raychem, convert ~these ~ lequiremeltis 1nto - fechnica

. . characteristics (HOWs) [10, 18]. The components of
applied QFD to improve product development and HOQ are shown in Figure 2
communication [1, 4, 17]. gure &

QFD has been widely applied to fulfil customer
attributes and improve customer satisfaction in

Correlations

matrix

Engineering
characteristics
(ECs)

Customer

Relationships

matrix

Competitive

requirements
(CRs)

analysis

Importance of ECs

Fig. 2. Components of HOQ.

2.3 Grey Relational Analysis

One of the most important grey theory techniques is
grey relational analysis. Let the original reference

sequence and comparability sequences be
= (&)} .

represented as *6”’ &> and X K =12 .. .m k

=1, 2, ..., n,respectively.

Data preprocessing is normally required since
the range and unit in one data sequence may differ
from the others. Data preprocessing is also necessary
when the sequence scatter range is too large, or
when the directions of the target in the sequences are
different. Data preprocessing is a process of
transferring the original sequence to a comparable
sequence. Depending on the characteristics of data
sequence, there are various methodologies of data
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preprocessing available for the grey relational
analysis [11, 12, 22].

If the target value of original sequence is infinite,
then it has a characteristic of “the-larger-the-better”.
The original sequence can be normalized as follows:

.\"-(OJ(A') — 111111.;1-;0}(;('}

x; (k) =

, (1)
max.rl—(O) (k) — min.\';oj(k}
when the-smaller-the-better is a characteristic of the
original sequence, then the original sequence should
be normalized as follows:
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max.rf.{o' (k) — .r;O} (k)

5]

X} (k) = )

()] 5
max x; (k) — minx

However, if there is a definite target value to be
achieved, then the original sequence will be
normalized in the form:

6 (k) - OB
max{max .rf.(o)(k) — OB, OB — minx¥ (k)]

i

) =1- 3)

Or, the original sequence can be simply normalized
by the most basic methodology, i.e. let the values of
original sequence are divided by the first value of
the sequence:

-\-;(O) (L)

(o]
,\"l,-( )

.\';-k(k) =
(1)

4)

where *”® is the original sequence, % ) the
sequence after the data preprocessing, max x &)
the largest value of +”® and min ~”® the
smallest value of '~ ),

After data preprocessing is carried out, a grey
relational coefficient can be calculated with the

preprocessed sequences. The grey relational
coefficient is defined as follows:
Ami A
]/ (A'E’; (k)‘ lx';k(k )) — - 11 + Cr 'umx 2
ADE(}\') + £ Amax (5)

0 = y(xgk), xFhy <1
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where 40i(k)is the deviation sequence of the reference
sequence *o X) and the comparability sequence.

x¥(k). ie.
Agi (k) = |xg (k) — x} (k)]
Amax = mag 11¢%x|.x'5‘(k) — xF (k) ©)
Amin = minmin|xg (k) — x5 (k)|
Vjei vk /
¢: distinguishing coefficient. ¢ < [0, 1].
The grey relational grade is a weighting-sum of

the grey relational coefficient [21]. It is defined as
follows:

n
v, xF) =Y By (g k), xF(k)),
k=1

> Be=1 (7)
k=1

Here, the grey relational grade ¥ (Xo- ) represents
the level of correlation between the reference
sequence and the comparability sequence [11, 12,
22].

3 An Empirical Example

The data mining structure of this study has three
layers, including source data layer, data mining
layer, and user interface layer. Source data layer is
composed of database and knowledge base. Data
mining layer is composed of data mining system.
Man machine interaction system is included in user
interface layer. The structure is shown as Figure 3.

Source Data

Data Gain and Storage

Knowledge Base

'

Data Mining

Data Mining System

|
C e D

\

i

User Interface

Man Machine Interaction System

|

‘ Decision maker

Fig. 3. The structure of data mining system.
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The data mining cycle involves a series of
activities, from defining the problem to evaluating
and applying the results [19]. The previous steps can
be served as the baseline reference for the next step,
and the steps are described as follow.

3.1 Defining The Problem for Data Mining

Owing to the unknown customer attribute and the
priority analysis of technical characteristics for
mobile phones markets, a professional bussiness
purchaser create a large marketing database in
Taiwan, based on many customer questionnaires on
website, this resulted in a huge amount of data
continuously. Customers are asked to prioritize their
needs. This study proposed an integrated approach
to evaluate service quality of three brands for the
professional bussiness purchaser. This professional
bussiness purchaser has been purchasing Brand N
for many years, so they want to gain more
information to make the best procurement decisions
by conducting supply market survey. Furthermore,
two brands of mobile phones are chosen to make a
competitive analysis, i.e. Brand M and Brand S. The
integrated approach involves a series of activities,
grey relational analysis, Kano's model, and QFD
based on data mining, from classifying customer
attributes to mine the priority analysis of technical
characteristics, so the results and discoveries can be
encouraged and beneficial for the professional
bussiness purchaser.
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3.2 Data Preparation for Data Mining

In order to enhance the efficiency and ensure the
accuracy of the results, the data was processed. It
had to be checked and processed before mining the
data, with all abnormal or missing data being
separated out [7, 9, 19]. As a result, of the 12,000
questionnaires, 578, which had missing or abnormal
data, were deleted. Also, there are several customer
attributes for each customer questionnaire and
twenty-five technical characteristics for the mobile
phones.

3.3 Data Mining by An Integrated Approach

3.3.1 Classifying Customer Attributes into
Kano's Categories

After cautious data mining and gathering, ten main
customer attributes and their corresponding raw
importances were identified. The raw importances
had been identified by using a 1-5 scale as shown in
TABLE 1. Customers are asked to rate their
satisfaction degree for both Brand N and two
competitors' brands using a 1-5 scale for each
customer attribute. Through this way, customer
attributes, raw importances and competitive analysis
are mined and identified. To implement the
proposed integrative approach, customers are also
asked to group properly their needs into Kano's
categories. The results can also be shown in Table 1.

Table 1 The raw importances, competitive analysis and Kano's quality elements

Competitive analysis

Customer Raw Quality

attribute important Brand N Brand M Brand S element
Modeling 3.9 3.9 3.7 3.9 O
Call quality 3.9 4.1 3.8 3.9 O
Protection 3.8 3.9 3.5 3.8 M
Storage function 3.7 3.8 3.6 3.7 M
Screen and key 3.8 3.9 3.5 3.8 M
Diversions 3.8 3.7 33 3.8 M
Simple operation 3.8 4.1 3.5 3.8 O
Brand value 3.9 4.1 3.6 3.9 O
Service 3.8 3.9 3.6 3.8 O
Accessory 3.7 3.8 3.5 3.7 O

M: Must-be; O: One-dimensional.
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According to Table 1, this study analyze the
whole customer attributes of three brands by using
Kano's categories. By categorizing ten customer
attributes, this study find that no one can be sorted
as "attractive quality element". There are four
essential customer attributes be classified as "must-
be quality element" included "Protection”, "Storage
function”, "Screen and key" and "Diversions". Six
customer attributes are classified as "one-
dimensional quality element" included "Modeling",
"Call quality", "Simple operation", "Brand value",
"Service" and "Accessory".

3.3.2 Adjustment of Improvement Ratio by
Using Kano's Model

To achieve the desired customer satisfaction level.
The final adjusted importance may provide such
useful information by using Kano's model. Kano's
model can be integrated to adjust the raw
importance. Based on Brand N current position in
regard to its competitors, along with other factors
(i.e. rate of importance, strategic goals, etc.),
determine and record in the matrix where the
customer satisfaction targets to be. In competitive
analysis, this study set the highest level as the
targets.

After setting the customer satisfaction targets,
the traditional improvement ratio (IR) can be
calculated by dividing where the customer
satisfaction targets to be by where the Brand N is
now as follow.

IR = (Target) / (The current customer satisfaction
value of Brand N).

After grouping customer attributes into proper
Kano's categories and choosing the appropriate
transformation function (k values), the adjusted
improvement ratio can be calculated as [14]:

1

AIR=IR*
®)
AIR: Adjusted improvement ratio
IR: ITmprovement ratio
k: k values (transformation function)

M: Must-be (k=0.5);
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O: One-dimensional (k=1);
A: Attractive (k=2).

The adjusted improvement ratio represents the
desired increment of the customer satisfaction
degree, while it represents what we should do more
to achieve the desired customer satisfaction degree.
Finally, multiplied by the adjusted improvement
ratio, the raw importance for each customer
attribute can be adjusted into the final importance.
Taking customer attribute (Diversions) as an
example, the adjusted importance is gained as
follow: 3.8 (the raw importance) X 1.06
(Adjusted improvement ratio)= 4.0. The results can
also be shown in Table 2.

3.3.3 The Priority Analysis of Technical
Characteristics by Using Grey Relational
Analysis.

Determining the correlation between each customer
attribute (WHATS) and each technical characteristic
(HOWs) at the intersection of these whats and hows,
record the correlation. The professional bussiness
purchaser sets twenty-five technical characteristics
for the mobile phones to conduct the priority
analysis by using grey relational analysis, and each
technical characteristic has its own strengths and
weaknesses. Thus, a cross-functional team is made
to further evaluate the relationship between the
technical characteristics and the customer attributes.
QFD represent the respective strong (with a weight
of 9), moderate (with a weight of 3), and weak
relationship (with a weight of 1), while the blank is
zero. The matrix relationship is shown in Figure 4.
Grey relational analysis is applied to mine the
priority from these technical characteristics by
carring out the formula. The computational steps
include the normalization of the original data sets,
the grey relational coefficient, the grey relational
grade and the results of the degree of grey
coefficient in order. When all computational steps
are completed, the total score can be calculated to
prioritize the importance of these technical
characteristics described in Figure 4.
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Table 2 The adjusted improvement ratio and adjusted importance by using Kano's model

Competitive analysis

Customer Raw N M S Quality Target IR k AIR  Adjusted
attribute importance element importance
Modeling 3.9 39 37 39 O 39  1.00 1 1.00 4.1
Call quality 39 41 38 39 O 41 100 1 100 46
Protection 38 39 35 38 M 39 100 05 100 38
Storage 3.7 3836 37 M 38 1.00 05 1.00 4.0
Screenandkey 3 g 39 35 38 M 39 100 05 100 3.9
Diversions 3.8 37 33 38 M 38 103 05 106 4.0
Simple 3.8 41 35 38 O 41 100 1 1.00 4.0
Brand value 3.9 41 36 39 O 41 100 I 1.00 3.9
Service 3.8 39 36 38 O 39  1.00 1 1.00 44
Accessory 3.7 3.8 3.5 37 0 38  1.00 1 100 4.1

3 Evaluation and Application of
Results

Obviously, the ten front important priorities for
these technical characteristics include "Easy to
access', "Proper size", "Secret  code",
"Complimentary  Dbattery", " Maintainable
assurance", "Movie and music", "Assured period",
"Good signal", "Flimsy design " and "Call display".

"Easy to access" of the technical characteristic
with 0.6635 is the best important, which perform
better than the other technical characteristics when
the mobile phones are taken into consideration.
Therefore, the professional bussiness purchaser
should take "Easy to access" to improve the
purchasing performance of the mobile phones.

According to the priority of each technical
characteristic, "Proper size", "Secret code",
"Complimentary  battery”, and "Maintainable
assurance" should be closely noticed since they have
high priority and could become the most important
technical characteristics to satisfy customer
attributes and needs. On the other hand, "Fashion",
"Large phone directory" and "Turn or cover style"
should be closely unnoticed since they have low
priority and could become the most unimportant
technical  characteristics.  Different  technical
characteristic should be considered differently for
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satisfying customer attributes and needs. These
technical characteristics of mobile phone were
mined and analyzed. For the professional bussiness
purchaser, this supply market survey can facilitate
their purchasing decision, and to expedite the
development of innovative services through the
identification of technical characteristics.

4 Conclusions

Supply market survey is used to gain and develop
the necessary intelligence and knowledge to make
the best procurement decisions in the market,
because it is the systematic gathering, recording,
and analysis of data about issues relating to
marketing products and services. Data mining has
been successfully applied in many fields. However,
little research has also been applied to evaluate
service quality for the mobile phone market survey
of various brands using the integrated approach
involving grey relational analysis, Kano's model
and QFD. This study attempts to evaluate service
quality for helping decision makers to guide
improvement efforts in strengthening their
important customer attributes and technical
characteristics, and to facilitate decision analysis,
and enhance customer satisfaction through the
identification of technical characteristics by using
an integrated approach. By applying the proposed
approach, service quality can be found to enhance
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supply market survey with purchasing for the
bussiness purchaser in the mobile phone
marketplace.
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Fig. 4. The Kano's QFD with grey relational analysis.
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