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Abstract - Fuzzy set expressing category in fuzzy rating,
which is a kind of psychological scaling, is dependent on
situations. This paper assumes that a mapping exists
between fuzzy sets expressing categories in some situation
aod those expressing same categories in another situation.
Fuzzy sets expressing categories in some situation are
ovtained by fuzzy sets expressing categories in another
situation and the mapping between them. The usefulness
of the present method is confirmed by the experiments
comparing fuzzy sets obtained by the presented method
with those identified directly by fuzzy rating. The
normalized distance is used to compare both fuzzy sets
and the experimental results show that the normalized
distances between both fuzzy sets are emough small and
that the presented method is useful for psychological
scaling.

I. INTRODUCTION

Linguistic expressions such as "he is very tall" or "it is a
I:nle cold” are often used to categorize the physical quantity
rather than expressions such as “he is 180cm tall” or “it is 10
¢egrees Celsius”. The former linguistic expressions are
¢onsidered as expressions of the category of psychological
scale [1]. Fuzzy rating [2], which is a kind of psychological
scaling, is useful when the category of psychological scale is
expressed by linguistic expressions, e.g., “very tall”, since
fuzziness is included in the meaning of the linguistic
exoression of the category. Therefore, the meanings of
categories are expressed well by fuzzy sets in fuzzy rating.

By the way, psychological scale is dependent on situations.
For example, the meaning of linguistic expression "very tall"
as the rating of high school students’ height is not the same as
thet of linguistic expression “very tall” as the rating of NBA
pieyers’ height. A fuzzy set expressing some category in
some situation is different from that expressing the same
category in another situations. However, psychological scale
in some situation is usually analogous to psychological scales
in other situations in the sense that some relation exists
between these psychological scales. Therefore, in fuzzy rating,
f.zzy sets expressing categories in some situation are also
analogous to those expressing same categories in another
situations and the former are obtained by the latter using the
analogy. Although there have been many studies on situation-
dependent fuzzy sets [3][4][S], they obtain fuzzy sets directly
without considering the relation between situations.
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Our previous study [6] defines situations as the union of
support sets of fuzzy sets and describes how a fuzzy set
expressing some category in some situation is obtained by a
fuzzy set expressing the same category in another situation
and a mapping between situations.

However, the union of support sets of fuzzy sets should be
considered as the domain evaluated by fuzzy rating rather
than the situation. Therefore, this paper defines the domain of
physical quantities evaluated by fuzzy rating in some situation
and assumes that a mapping exists between the domains. This
paper also discusses how fuzzy sets expressing categories in
some situation are obtained using those expressing the same
categories in another situation and the mapping between
situations. The usefulness of the discussion is confirmed by
the experiments comparing fuzzy sets obtained by the
presented method with those obtained directly by fuzzy rating.

Basic concepts about situation-dependent fuzzy rating are
mentioned in chapter 2. Chapter 3 explains the experiments
and discusses the experimental results. Conclusions are
mentioned in the final chapter.

I1. BASIC CONCEPTS
A. Definition and assumption

Psychological scaling is a method that connects physical
stimulus  and  psychological  quantities. = However,
psychological quantities are often categorized and expressed
by ordinal scale, e.g. numerical scale, graphic scale [7]. Fuzzy
rating is a kind of psychological scaling and in this paper,
physical quantities, e.g. “180cm”, are categorized by fuzzy
sets, e.g. “tall”, ” a little short”.

Definition 1: Evaluation Interval
Let a set Ry be a domain of physical quantities evaluated
by fuzzy rating in situation § . R is called “Evaluation

Interval” here. The evaluation interval is a closed interval,
and elements of the evaluation interval are physical quantities.

Definition 2: Category
Let the evaluation interval be categorized by ¢,

(i=12,---,n) . Fuzzy Sets as expressing categories
¢, (i=12,---,n) insituation S are defined by formula (1).

Hes iRy > [01](1=12,,n) (1)
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Assumption: Mapping between evaluation intervals

Let R be the evaluation interval in situation S, and R;

be another evaluation interval in situation 7 . It is assumed
that a mapping f between evaluation intervals exists.

Definition 3: Fuzzy sets in some situation and those in
another situation

Let 5,.5 and 5,.T be fuzzy sets expressing categories c;
(i=12,---,n) insituation S and in situation T, respectively,
where 5,.8 and 5,7 are fuzzy set on evaluation intervals Rg
in situation S and R; in situation T , respectively. Let a
mapping f be a mapping between R and R;. Fuzzy sets
CT = f(C’) (i=12,---,n) are defined by formula (2) using
the extension principle [8], where f (Ef) is a set mapped

from C;.

v, ,Ua;(s) , te f(Ry)

sef (0
Hees®) =

0 , t¢ f(Rs) @
(i=12,-,n)

where f(f)={s|t= f(s),t € f(R,)},and f(R;) is aset
mapped from R;.

- Figure 1 explains the evaluation interval, categories and a
mapping.

categories c; in situation S . For example, when category c,
is category “very tall”, fuzzy set as expresses “very tall” in
situation § . Fuzzy sets Eir (i=12,---,n) expressing
categories ¢, in situation T are obtained by fuzzy sets Eis
(i=12,---,n) and amapping f between R; and R;.

HI. EXPERIMENTS

Subjects experiments are performed in order to confirm
that fuzzy sets obtained by presented method are useful as
psychological scale. The experiments are done by 10 subjects,
who are graduate or undergraduate students in the University
of Tsukuba. Eight of them are male and others are female.

In the experiments, Fuzzy sets obtained by the presented
methods are compared with those obtained directly by fuzzy
rating.

A. Fuzzy rating

As shown in Table 1, six situations are presented to
subjects for fuzzy rating. Fuzzy ratings about “Temperature”
are performed in situation 1, 2, 3 and those about “Height”
are performed in situation 4, 5, 6.

Table 1 Situations used in fuzzy rating

Situation 1 | You are staying outdoors in summer.

Situation 2 | You are staying outdoors in winter.

Situation 3 | You are talking about climate through a year.

Situation 4 | You are talking about first graders in junior high
school.

Situation 5 | You are talking about sixth graders in junior high
school.

Situation 6 | You are talking about junior high school students.

Five categories about “Temperature” and “Height” are
chosen by the subjects as shown in Tables 2 and 3,
respectively.

Let categories about “Temperature” be expressed as
t;(i=12,---,5) and categories about “Height” be expressed
as h (i=12,---,5) . Although various categories are chosen
by subjects, a subject uses the same categories for all
situations in fuzzy rating about “Temperature” or “Height”

through the experiments. For example, Subject 3 uses
categories “very cold”, “a little cold”, “average”, “a little hot”

Situation S Situation T

s 2 \ S 2 1
Evaliation s T
interval k | ‘ = i

- / | J
Fuzzy sets : ) S (4 h
ek - |al DY\
categories — o = == =

& a-g) \ga.&
Categories

Figure 1 Evaluation interval, categories and mapping

B. Method to obtain fuzzy sets

Using above definitions and assumption, fuzzy sets in some
situation are obtained by fuzzy sets in another situation and a
mapping between evaluation intervals. For example, let R;
be the evaluation interval in the situation “We are talking
about NBA players”, and R, be the evaluation interval in the
situation “We are talking about junior high school students”.
R; and R, are the domain of height considered as NBA
player’s height and the domain of height considered as junior
high school students’ height, respectively.

Let categories ¢, (i=12,---,n) categorize evaluation
intervals and let fuzzy sets c?’ (i=12,---,n) express

i

and “very hot” through fuzzy rating about “Temperature”.
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Table 2 Categories related to “Temperature” chosen in fuzzy rating

Subjects | £, 1, t A 1

1 Extremely cold | Alittte cold g_:’:m qure A little hot Extremely hot
2 Cold Alittlecold | Average Alittle hot Hot

3 Very cold Alilecold | Average A little bot Very hot

4 Extremely cold Alitlecold | Average A little hot Extremely hot
5 Very cold Alittlecold | Neutrat A little hot Very hot

6 Very cold Alitlecold | Neutral A tittle hot Very hot

7 Very cold Alitlecold | Average Alittle hot Very hot

8 Very cold Atitlecold | Average A little hot Very hot

9 Very cold Alitlecold | Neutral A little hot Very hot

10 Very cold Alitlecold | Average A little bot Very hot




Table 3 Categories related to “Height” chosen in fuzzy rating

Subjects hl h2 h3 h,‘ h5

1 Very short Slightly short | Average | Slightly talt Very tall

2 Short Alittleshort | Average | Alittleshort | Tall

3 Extremely short | Stightly short | Average | Slightly tall Extremely short
4 Extremely short | A tittle short Average | Aliwdeshort | Extremely short
5 Very short Shightly short | Normal Stightly ralt Very tafl

6 Very short A fittle short Neutral Alinle short | Very tall

7 Very short A little short Average | Alitdeshort | Very tall

8 Very short Alittle short Average | Alitteshort | Verytall

9 Very short Alittleshort 1 Average | Alittleshort | Very tall

10 Very short A little short Average | Alittleshort § Very tall

Fuzzy sets expressing categories in situations are identified
by the BASE method [9]. In the BASE method assuming that
the membership function of a fuzzy set is a trapezoidal one,
subjects evaluate elements in the evaluation interval with a
three-scale point whether elements belong to a fuzzy set
completely or not, or elements belong to a fuzzy set to some

xtent. This method identifies a support set and a 1-level set
¢:"a fuzzy set indirectly using subjects evaluation data.

B. 1dentification of mapping between evaluation intervals

The following four functions are considered as mappings
since these functions are simple.

ix)=a,x+a, (3)
1ix)=b,x* +bx+b, C)
Jix)=c, log(x+c,)+c, (5)
Tix)=d,e™ +d, (6)

Parameter values (a;, b, ¢, d;, i = 0,1, j = 0,1,2) are
identified by the least-mean-square method [10] using 1-level
sets and support sets of fuzzy sets identified by the BASE
method. Fuzzy sets used for the identification of parameter
values of mappings are those expressing categories ¢, , ¢,

aand¢; about “Temperature” and those expressing categories
b, h, and Ay about “Height”.

C.. Comparison of fuzzy sets

Fuzzy sets expressing categories about “Temperature” or
“Height” in some situations, which are obtained by the
presented method, are compared with those obtained by fuzzy
rating, where the comparison is based on the normalized
distance [11].

The normalized distance between fuzzy sets 4 and B is
defined by formula (7). Figure 2 explains the normalized
distance.
id,.B)=

1
mj‘,(\axm)—b‘(au +lay(@) - by(@) e ™

where 4, =(a(e).a, ()] and B, =[b,(a).b,(a)] are a -cut sets of 4
and B, respectively

Figure 2 Normalized Distance

The normalized distance ranges from 0 to 1 and if the
normalized distance is 0, the fuzzy set 4 is equivalent to the
fuzzy set 3. In the experiments, y, and y, are the minimum
and the maximum of the evaluation interval, respectively.

Fuzzy sets expressing categories #, and ¢, about
“Temperature”, and those expressing categories 4, and A,
about “Height” are used for the comparison, where these
fuzzy sets are not used for the identification of the parameter
values of mappings.

D. Results and remarks

Normalized distances between fuzzy sets expressing
categories ¢,,¢,,%s,h ,h, and hs obtained by fuzzy rating
and those obtained by the presented method are shown in
Table 4, where only fuzzy sets expressing categories ¢, ,¢,,
t,, h, h, and A, are used for the identification of parameter
values of mappings.

Table 4 Averages of normalized distances for each mapping
(a) Attribute “Temperature”  (b) Attribute “Height”

Mapping | & | A | s
0.033/0.041{0.041
byx? +byx+ by |0.030(0.032] 0.027
e, log(x + @)+ ¢ | 0.0370.043{0.043
dye™ +d, [0.033/0.0470.04

Mapping | i | L | &

0.049|0.034{0.032
byx? +byx+bg [0.024/0,027|0.024
cslog(x +)+cp |0.153]0.076/0.105
d,e™™ +d, (0.101]0.152{0.298

ax+ a, ax+a

It is found that the averages of normalized distances by the
function (4) are the shortest among all functions. Therefore,
the function (4) with identified parameter values is used as
mappings between evaluation intervals.

Table 5 shows the averages of normalized distances in each
situation between fuzzy sets expressing categories £, , t;, h,

and h, obtained by fuzzy rating and those obtained by the

presented methods.
Table 6 shows the temperature differences or height
differences, which are obtained by formula (8).

Table 5 Averages of normalized distances for each situation
(a) Attribute “Temperature”  (b) Attribute “Height”

Situation 1 5 Situation o hy

1 0.057 | 0.056 4 0.047 | 0.058
2 0.051 | 0.043 5 0.039 | 0.053
3 0.060 | 0.053 6 0.047 | 0.049
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Table 6 Temperature differences or height differences
correspond to normalized distances in Table 5

(a) Attribute “Temperature” ( °c ) (b) Attribute “Height” (cm)

Situation 4 5 Situation hz hy

1 1.2 1.2 4 2.1 2.6

2 1.3 1.1 5 1.6 2.2

3 2.5 2.3 6 3.6 3.7
D=(I;-T))-A (8)

where I and I, are the average values of the minimum and

the maximum of the evaluation intervals among subjects,
respectively, and A is the average values of normalized
distances shown in Table 5.

In order to confirm that fuzzy sets obtained by the
presented method are useful for psychological scale,
temperature differences and height differences shown in
Table 6 are compared with the width of fuzzy sets obtained
by fuzzy rating, where the widths of a fuzzy set are defined
by Figure 3. If the former is less than the latter, fuzzy sets
obtained by the presented method are allowable as
psychological scale.

C ¢==p D

—
llhere are width of fuzzy setJ

ol A<>B

Figure 3 Widths of a fuzzy set

Table 7 shows the average values of widths of fuzzy sets
expressing categories f, , t;, h, and h; in each situation
among all subjects, where the fuzzy sets are obtained by
fuzzy rating.

Comparing Table 6 with Table 7, it is found that the
differences shown in Table 6 are less than the widths of fuzzy
sets A-B and C-D in each situation and that the differences
shown in Table 6 are allowable. Therefore, fuzzy sets
obtained by the presented method can express categories in
each situation well.

Table 7 Averages of widths of fuzzy sets obtained by fuzzy rating
(a) Category ¢, (") (b) Category #, ('C)

Situation A-B | C-D Situation A-B | C-D

1 2.0 19 |1 190 2.1
2 22 2.5 12 2.1 2.6
3 36 32 B 35 3.4

(c) Category h, (cm) (d) Category h, (cm)

Situation A-B | C-D Situation A-B | C-D

4 36/ 44 4 4.9 4.7
5 3.6 48 5 370 36
6 6.6 73 6 8.6 7.4

IV. CONCLUSIONS

This paper discusses a situation-dependent fuzzy rating. It
is assumed that a mapping between the evaluation intervals
exists. The method is proposed that fuzzy sets in some
situation are obtained by fuzzy sets in another situation and a
mapping between evaluation intervals.

The usefulness of the presented method is confirmed by
some experiments that compare fuzzy sets obtained by the
present method with those obtained by fuzzy rating. The
normalized distance between fuzzy sets is used in the
comparison. Experimental results show that the difference is
allowable. Therefore, situation-dependent fuzzy sets
expressing categories are obtained by the presented method.

In a future, the applications of the present method to fuzzy
relation and fuzzy reasoning are considered.
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