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Abstract

In this paper, a visualization system using the in-
dividual fluctuation on evaluation is introduced.
The system equips the fuzzy correspondence
analysis which quantifies relationships between
evaluation objects and items. The system can vi-
sualize these locations and circles expressing the
relative fuzziness of the fluctuation. We define
a similarity measure between the evaluation ob-
jects and items, taking into account both of the
distance and the relative fuzziness. The obtained
similarity measure is utilized to determine rank-
ing of objects under a given linguistic quantifier
and several evaluation items such as adjectives.
The effectiveness of the system is shown through
analysis of the subjective evaluation about tradi-
tional craft of Ishikawa Prefecture.

Keywords: Subjection Evaluation, Fuzziness,
Correspondence Analysis, Traditional Craft,
OWA operator

1 Introduction

The concern with Kansei engineering [1] is
rapidly increasing since the importance of
the subjective evaluation is focused on prod-
ucts design and customer-oriented manufac-
turing [2][3][4][5][6]. They can be power-
ful strength in marketing strategy since people
might stress preferences more in consuming be-
haviour. Needless to say, the subjective evalu-
ation on the various affairs such as the circum-
stance around the residence in the daily life has
a role to support the activity [7]. Kansei engi-
neering may be helpful to consider especially the
peoples’ high-involvement affairs.

Traditional craft [8] is one of the high-
involvement products. Although the brands in
Japan have been protected by the Minister of
Economy, Trade and Industry as the national
product [9] the number of the customer is de-
creasing. Therefore, the explorer of the cus-
tomers’ preferences has been required as one of

the countermeasure. This is effective to investi-
gate the brand image simultaneously from view-
points of customers. The result of the analysis
is also effective to consider both of the suppliers
and customers [10].

Questionnaire survey is a popular way to
collect the subjective evaluation data. A fa-
miliar scale is the semantic differential (SD)
method [11]. There are several investigation
style such as laddering method, the conjoint
analysis. Comparing with those methods which
require a lot of process, the SD method is
well known approachable, traditional method al-
though the defect has been discussed in espe-
cially psychological field. But it is rather easy to
develop the questionnaire sheets. Originally the
subjective evaluation leads an arduous undertak-
ing feature since it has the fluctuation and chang-
ing. How can we change it advantage? To mea-
sure the subjective opinion is basically un-easy
task, when the construction from the obtained
result must be driven. There are, recently, re-
searches to interpret the meaning of the obtained
results [12][13] even though the analyst have to
give them by himself. At the same time, group-
ing of the adjectives is carried out to consider a
linguistic side in order to use the analysis result
more [14] .

The utilization of fuzzy concept is also
promising. Recently, a correspondence analysis
method with fuzzy data has been proposed [15].
In addition, there are several traditional methods
to treat the fuzzy data. However, the identifica-
tion of the fuzzy sets is required in advance. In
this paper, we would like to focus on the fluctua-
tion of the evaluation. The fuzzy correspondence
analysis we employ can preserve the fluctuation
which is observed in the original axes in the ob-
tained eigenvectors.

Fuzzy correspondence analysis is proposed to
analyze relationships between evaluation objects
(samples) and evaluation items. The visualiza-
tion of the obtained result is quite important in



order to construct broad gauged location. The vi-
sualization system is strongly required to discuss
the preferences. So far, there are lots systems
corresponding to each application such as [16]
The developed system here can treat various ap-
plications when the fuzzy correspondence anal-
ysis with the evaluation fluctuation is utilized.

In this paper, the visualization system equip-
ping analysis method and sorting function is in-
troduced, after describing fuzzy correspondence
analysis and the method to sort evaluated sam-
ples based on the quantitative result.

2 Subjective Evaluation Data

Let us introduce a set of evaluatorsE =
{1, 2, · · · ,K}, a set of evaluation itemsO =
{1, 2, · · · ,M}. Assume thatEm is a set of the
evaluators who have evaluated Objectm, Ok is
a set of the objects which are evaluated by eval-
uatork. Sets ofE andO can be described as
follows:

E =
M⋃

m=1

Em Em ̸= ϕ,∀m (1)

O =
K⋃

k=1

Ok ̸=,∀ (2)

Data structure is highly depending on the condi-
tion of the questionnaire survey.

♢ case1:(complete 3-way data)

Em = E, ∀m; |Em| = |E| = K (3)

♢ case2:(one person evaluates only one object)

|Ok| = 1,∀k, (4)

Em ∩ Em′ = ϕ,m ̸= m′, (5)
M∑

m=1

|Em| = K (6)

♢ case3:(some evaluate several objects)

|Ok| ≥ 1,∀k, (7)

|E| = K (8)

where, all evaluators have the original ID num-
ber.

Let be raw data set on the subjective evalua-
tion {zmnk} In this paper. the evaluation value

zmnk of evaluatork regarding evaluation object
m from the standpoint of evaluation adjectiven
is given as a 7-level value.

zmnk ∈ {1, 2, 3, 4, 5, 6, 7} (9)

In addition, we assume that there is no lack of
the evaluation data about the evaluation items.

zmk = (zm1k, zm2k, · · · , zmNk)t,

k ∈ Em (10)

For case1, the averaged data is determined by

zmn =
1
K

K∑
k=1

zmnk,

m = 1, 2, · · · ,M, n = 1, 2, · · · , N. (11)

For case2 and 3, the averaged data is obtained as
follows.

zmn =
1

|Em|

K∑
k=1

zmnk,

m = 1, 2, · · · ,M, n = 1, 2, · · · , N. (12)

To analyze the data in case3, we have to re-assign
the data structure.

3 Fuzzy Correspondence Analysis

3.1 Analysis based on the averaged data

Let the data matrixP based on the averaged data
on the evaluators. The element is determined by

pmn =
zmn∑M

m=1

∑N
n=1 zmn

. (13)

Where, the following conditions onpm•, pm• are
satisfied.

pm• =
N∑

n=1

pmn, p•n =
M∑

m=1

pmn,

M∑
m=1

pm• =
N∑

n=1

p•n = 1
(14)

In correspondence analysis, a quantityxm is as-
sociated with evaluation objectm, and a quan-
tity yn is associated with evaluation itemn, and
we find the following vectors by maximizing the
correlation coefficientρxy defined below:

x = (x1, x2, · · · , xm)t (15)

y = (y1, y2, · · · , yn)t (16)



Here, the correlation coefficient is defined by the
following equation:

ρxy =
σxy

σxσy
→ max . (17)

whereσxy,σx, σy are determined as follows:

σxy =
M∑

m=1

N∑
n=1

pmnxmyn−
M∑

m=1

pm•xm

N∑
n=1

p•nyn

(18)

σx =

√√√√√ M∑
m=1

pm•x2
m −

(
M∑

m=1

pm•xm

)2

(19)

σy =

√√√√√ N∑
n=1

p•ny2
n −

(
N∑

n=1

p•nyn

)2

(20)

The solution of the above maximization prob-
lem can be derived as the eigen value problem.
The scores regarding to the evaluation targetm
and the evaluation itemn, on a two-dimensional
plane using the second and third eigenvectors are
given as follows:

(x2m, x3m), m = 1, 2, · · · ,M
(y2n, y3n), n = 1, 2, · · · , N (21)

3.2 Modeling evaluation fluctuation

3.2.1 Fuzzification of eigen vector on
evaluation objects

In the previous section, the location, i.e, Equa-
tion (21), on the eigen vector space is determined
by maximizing the correlation coefficient. In or-
der to express the fluctuation on evaluation, each
evaluator’s eigen vector is expressed using the
distance from the location caused by averaged
data.

Let us definebmk, bm as follows:

bmk =
1
N

N∑
n=1

(zmnk − zmn), (22)

where zmn =
1

|Em|
∑

k∈Em

zmnk (23)

bm =
1
K

K∑
k=1

bmk,m = 1, 2, · · · ,M (24)

Then the eigen vector expressing each evaluator
is defined in the following.

Using these vectors, the individual eigen vec-
tor is defined by the following equation.

x̃ik = x̃i + λi(bk − b) (25)

whereλi is design paramenters, and

bk = (b1k, b2k, · · · , bMk)t,

b = (b1, b2, · · · , bM )t. (26)

The individual eigen vectors are featured by the
following equation.

1

K

K∑
k=1

x̃ik = x̃i (27)

where

x̃ik = (x̃i1k, x̃i2k, · · · , x̃iMk)t,

x̃i = (x̃i1, x̃i2, · · · , x̃iM )t (28)

When the individual vectors are averaged by the
evaluators, it becomes the same with the original
eigen vector.

3.2.2 Fuzzy sets of evaluation objects
Let us define a fuzzy set which expresses the

membership grade to the original eigen vector.
According to the extension principal introduced
by L.A. Zadeh, second and third elements of the
eigen vector are mapped into a two-dimensional
fuzzy set.

Let us define a fuzzy vector

X̃i = (X̃i1, X̃i1, · · · , X̃iM )t, (29)

using the following membership function.

µX̃i
(x) = exp{−(x̃− x̃i)tD−1

X (x̃− x̃i)} (30)

Where,DX is independent ofi, and determined
as follows:

DX =
1
K

K∑
k=1

(x̃ − x̃i)(x̃ − x̃i)t =
1
K

K∑
k=1

bkb
t
k

(31)
To make a mapping on the 2-dimensional

plane consisting of second and third element of
the eigen vector, a vectoram is defined.

am = (am1, am2, · · · , amM )t, (32)

where,

amm′ =
{

1, m = m′

0, m ̸= m′ (33)



Now, the following mapping is considered.

Xim = at
mX̃i (34)

According to the extension principal, the mem-
bership function ofXim is identified as follows:

µXim = max
{x̃|x=at

mx̃}
µx̃i(x) (35)

= exp
{
− (x − at

mx̃)2

(at
mDXam)

}
(36)

The membership function on the 2 dimensional
plane is defined by

µX2m×X3m(x2, x3) = µX2m(x2)×X3m(x3)

= exp
{
− (x2 − at

mx̃2)2 + (x3 − at
mx̃3)2

(at
mDXam)

}
. (37)

The circle which illustrates theα-level set is de-
noted given by

(x2 − at
mx̃2)2 + (x3 − at

mx̃3)2 =
(at

mDXam)(−log(α)) ≡ s2
m. (38)

For the evaluation items, the similar idea is ap-
plied. The circle on the evaluation items is de-
scribed as follows:

(y2 − at
mỹ2)

2 + (y3 − at
mỹ3)

2 =
(at

mDyam)(−log(α)) ≡ t2n (39)

Then the relationships between the evaluation
targets and the evaluation items are illustrated.

4 Similarity Measure

Let us define a similarity measure. The similar-
ity measure is determined by the obtained scores
and the radiuses by the fuzzy correspondence
analysis.

For evaluation targetm and evaluation adjec-
tiven, the similarity measuresmn here is defined
by

Smn =
exp{sm + tn}

exp{2max{sm, tn}} exp{dmn}
(40)

where, (x2m, x3m) indicates the score of eval-
uation targetm, and sm denotes the radius,
(y2n, y3n) indicates the socre of evaluation item
n andtn denotes the radius, anddmn is the Eu-
clidean distance between evaluation targetm and
evaluation itemn.

The measure is defined so that the value of
smn is equal to 1.0 when two circles have com-
pletely the same locations and the radiuses. In
addition, if there are two different circles in the
plane, the following condition is satisfied.

Smn =
exp{sm + tn}

exp{2r}
< 1 (41)

This formulation provides the smaller value of
the similarity when the considered circles are lo-
cated far.

5 Preference Ranking

This section introduces the OWA operator pro-
posed by Yager [17] in order to determine the
recommendation order from the products to cus-
tomers who mention the plural adjectives as their
preferences.

The definition of OWA operator proposed by
Yager is described as follows: OWA operatorF
of n dimension is a mapping

Q : [0, 1]n → [0, 1] (42)

which is expressed as

Q(a1, a2, · · · , an) =
n∑

i=1

wibi, (43)

by using the weighted vector

W = (w1, w2, · · · , wn), wi ∈ [0, 1],
n∑

i=1

wi = 1

(44)
Where, bi is the i-th biggest value in the se-
quence froma1 to an whenn is the number of
the selected adjectives.

Now that we would like to propose samples
which satisfy the preferences of a customer. Let
us introduce the following notation. LetO a set
of evaluation target andW a set of the desired
adjectives.

O = {O1, O2, · · · , OM} (45)

W = {W1, W2, · · · ,WN} (46)

Assume that an index of a customer isA. The
vector of the selected evaluation items can be in-
dicated as follows:

WA = {WA1,WA2, · · · ,WAK} ⊂ W, K ≤ N
(47)



Table 1. MF proposed by Zadeh

Fuzzy Q. Membership Function

there exists Q(r) =

{
0 ifr < 1/K
1 ifr ≥ 1/K

for all Q(r) =

{
1 if r = 1
0 if r ̸= 1

almost all Q(r) = r

at least half Q(r) =

{
2r if 0 ≤ r ≤ 0.5
1 if 0.5 ≤ r ≤ 1

as many as
possible Q(r) =

{
0 if 0 ≤ r ≤ 0.5

2r − 1 if 0.5 ≤ r ≤ 1

most Q(r) =

{
1 if 0 ≤ r ≤ 0.3

2r − 0.6 if 0.3 ≤ r ≤ 0.8
0 if 0.8 ≤ r ≤ 1

In order to assign the meaning of the weight, the
customer is required to select Linguistic Quanti-
fier (LQ) from “all”, “almost all”, “as many as
possible”, “most”, “at least half” and “there ex-
ists”.

The natures of membership functions of fuzzy
quantifiers are required to be satisfied as follows:

Q : [0, 1]n → [0, 1]
Q(0) = 0
Q(r) = 1 ∃r ∈ [0, 1]
Q(r) is not a decreasing function.

(48)

Membership function examples proposed by
Zadeh in Reference [18] are indicated in Table 1.

After decision which membership function is
employed, the weighted vector

WLQ = (w1, w2, · · · , wK) (49)

can be determined, for allk = 1, · · · ,K, by the
following equation.

wk = Q

(
k

K

)
− Q

(
k − 1

K

)
,

∀k = 1, 2, · · · ,K (50)

where,k is replaced by sorting. The condition of
the sorting is as follows:

When each of the degree of the sim-
ilarity between an evaluation targetOm

and set of the each selected evaluation
item WA = {WA1,WA2, · · · ,WAK} is
expressed bysmA1 , smA2 , · · · , smAK

respec-
tively, sk is the k-th largest value of sequence
smA1 , smA2 , · · · , smAK

. As a result, value of

the criterion of Om can be identified by the
following equation.

E(Om) = QWLQ
(smA1 , smA2 , · · · , smAK

)

=
K∑

k=1

wksk (51)

6 Analysis of Subjective Evaluation
Data about Traditional Craft

6.1 Preparation of evaluation items

Pairs of adjectives as evaluation items are con-
sidered here. We assumed that the given words
by customers are adjectives. The function of
the product is, of course, required, however, the
preferences on the product are focused on in this
study, because the technique to deal with the
subjective evaluation data is discussed. The de-
mand on the pairs of adjectives can be summa-
rized as follows: (i)Frequent adjectives used in
the traditional craft shop, (ii) Impressive adjec-
tives came from evaluation samples (which are
mentioned as below) by designers, (iii) Because
the prepared evaluation samples are part of prod-
ucts this time, adjectives related to the feeling
of a substance are included positively. Therfore,
the pre-investigation was carried out in a small
number of evaluators. The determined pairs of
adjectives are shown in Table 2.

6.2 Evaluation objects

The prepared evaluation objects are made in each
manufacture. Some objects are shown in from
Figure 1 to Figure 8. In this case, the pictures
of evaluation objects are prepared for question-
naire survey, instead of the real one, since they
are so expensive. All evaluators are also required
to come to the room to perform their evaluation.
Therefore, the complete 3-way data is obtained
in this case.

6.3 System instruction

The developed system description is shown in
Figure 9. It consists of two parts, which identify
“relationships between objects and adjectives”,
“preference expression”. The necessary input for
each part is also described in Figure 9.

The system overview is displayed in Fig-
ure 10. Let us focus on each function. In
Figure 11, the result on the traditional craft is
shown. Each color is corresponding to evalua-
tion object (red), left side adjective of a pair of



Figure 1. Smaple of Ya-
manaka lacquer (m=14)

Figure 2. Sample of Ya-
manaka lacquer (m=15)

Figure 3. Sample of Ya-
manaka lacquer (m=19)

Figure 4. Smaple of Ya-
manaka lacquer (m=20)

Figure 5. Sample of Ya-
manaka lacquer (m=27)

Figure 6. Sample of Ya-
manaka lacquer (m=36)

Figure 7. Smaple of Ya-
manaka lacquer (m=37)

Figure 8. Smaple of Ya-
manaka lacquer (m=42)

Table 2. Evaluation Items

n left adj. ←→ right adj.

1 standard 2222222 unconventional
2 simple 2222222 rich
3 ceremonious 2222222 fun
4 formal 2222222 causal
5 serene 2222222 powerful
6 stillness 2222222 carousing
7 pretty 2222222 austere
8 friendly 2222222 inaccessible
9 soft 2222222 hard
10 blase 2222222 attractive
11 flowery 2222222 quiet
12 happy occasions 2222222 usual
13 elegant 2222222 loose
14 delicate 2222222 largehearted
15 luxurious 2222222 plain
16 gentle 2222222 pithy
17 bright 2222222 dark
18 reserved 2222222 imperious
19 free 2222222 regular
20 level 2222222 indented
21 lustered 2222222 matte
22 translucent 2222222 dim
23 warm 2222222 cool
24 moist 2222222 arid
25 colorfull 2222222 sober
26 plain 2222222 gaudy, loud

evaluation item (yellow) and right side adjective
(blue). The semi-transparent circle is utilized in
order to see other circles at the same time, even if
they are so close or overlapped. When the mouse
across any circle, the name of the corresponding
items or objects will be appeared such as “ya-
manaka32” in the graph. In addition, when an
evaluation object is selected to see the circum-
stance, the corresponding circles is stressed by
elastic movement.

The next phase is object sorting using linguis-
tic quantifiers. As you can see at left bottom of
the overview of the system in Figure 10, there is
the search tool menu.

In Figure 12, the obtained result is shown
when adjectives such as “un-conventional”,
“fun” and “casual” , and “there exists” linguistic
quantifier are selected as the user’s preference.
The blue circles in the graph are corresponding
to the selected adjectives. In the left hand side,
the sorted objects are displayed.

The obtained recommendation of samples are
shown in Table 3. The relationships between
these adjectives and samples are illustrated in
Figure 12.



Figure 12. Searched Objs. (LQ=there exists)

Table 3. Obtained Objects Ranking
Fuzzy Quantifier Sample Number

LQ=all 37 27 42 15 14
LQ=almost all 37 27 42 15 14
LQ=as many as possible27 37 20 42 19
LQ=most 37 27 42 19 36
LQ=at least half 20 27 19 37 36
LQ=there exists 20 27 19 36 37

7 Concluding Remarks

A fuzzy correspondence analysis was intro-
duced. The preference ranking method based
on the defined similarity and calculation by the
OWA operator was also introduced.
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