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letter as mental factors According to the technical
development, the differences 1n the basic functions
between products have become narrower, but on
the other hand the subsidiary functions of the
product have become important factors in ap-
pealing to the customers. Thus, customer-oriented
concept has become one of the very important
strategy from the viewpoint of comprehending
and fulfilling customer’s desires and demands

When customers purchase goods in the market,
they search for goods that appeal to their own
preference and convenience They present their
desires by abstiact adjectives Therefore, 1t would
be very beneficial for the manufacturers (f they
can catch customer’s thought and can show them
the models which are well fitted to their image
through photographs or computer graphics In
this situation, 11 18 very important to analyze
human senses (hereafter human sensibility) such
as feeling and emotion and to translate this m-
formation into proper design elements 1n the de-
velopment of a new product Nagamach: has ta-
ken concrete shape about this 1dea and has de-
veloped “Human Sensibility Engineering {HSE)
(called “Kanser Engineering” in Japan)” as an
effective technology for the purpose of supporting
customer’s deciston making and designer’s crea-
uvity (Nagamachi, 1986, 1988, 1989) HSE, as a
kind of human ergonomic technology, can be
defined as a methodology for translating human
psychological processes such as feeling and emo-
tion related to products into appropriate product
design elements such as size, shape, and color
“Kanse1”™ 15 a Japanese word which means a
customer’s psychological feelings and image re-
garding a product. It has recently attracted much
attention as an effectve toel for both customers
and the product designers, and has been applied
to various product developments

There are two kinds of approach in the HSE
One 18 the category classification method which 15
a break down technique from an abstract design
concept for a new product to some concrete
design elements sequentially {Nagamachi, 1992).
Designers or manufacturers define the product
concept with some words or sentences as vero
level and then level down that concept to the final

Copyright (C) 2005 NuriMedia Co., Ltd.

stage 1n which real design elements are identified
precisely

The other approach 15 a computer-based deci-
sion supporting technique {Nagamachi, 1994c,
Matsubara et al , 1994 The HES 1s composed of
three major parts (1) collection and analysis of
human sensibility words presenting human senses
related with product image, (2) inference the rela-
tonship between human sensibility and product
design elements, (3) presenting the inierence res-
ults by means of computer graphics

Of these, logic or algorithms in inference mec-
hanism (Shum and Suh, 2002} plays a key role
in the whole processes of the HSES Thus, 1t 1s
important to satisfy the above three aspects m
order to be effective i practice. First, inference
logiec must reflect all of the human sensibility
words selected by customers with equal emphases
in translating them nto design elements Second,
reasoned results by inference logic can show some
obvious differgnces between selected words and
the other words 1n terms of the whole aspects of
the product rather than one or two product ele-
ments Finally. mference logic must give high
reliability m order to 1educe the difference of
product image between the customer’s desire and
the reasoned results

In this paper, a new rule-based nference model
satisfying the above requirements 1s proposed
This model consists of two procedures One 1s
to reason product elements by five rules through
forward inference and the other 1s to decide the
most appropriate result by comparing the results
reasoned from five rules through backward in-
ference. Decision variables used 1n this model are
based on some statistical results gained by the
Hayashi’s Quantificanon Theory Type I which
1s a kind of linear regression model (Hayashi.
1976)

The landscape design has also become one of
the interesting research fields mm the HSES be-
cause it has mfluence on human lLiving style
physically and mentally in everyday. We apply
the HSES to the landscape evaluation mn order to
suppert designers’ creativity As an experimental
study, the evaluation of river landscape design
18 applied 1n this paper The effectiveness of the
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proposed model 1s experimented through the ap-
plication to the evaluation of river landscape
design.

The paper is organized as follows : In section 2,
the HSE is overviewed. The proposed rule-based
is described 3
section 4, an experimental study is performed in

inference model in section In
order to evaluate the rule-based inference model.
The human sensibility evaluation for the river
landscape is shown as an example. Finally, some
conclusions and Tuture works are presented in

section 5.

2. Overview of the
Human Sensibility Engineering

2.1 System structure

The HSES is composed ol three subsystems :
human sensibility analysis, human sensibility
inference, and human sensibility presentation.
Figure 1 (Nagamachi, 1995b; Han et al., 1996)
shows the whole structure of the three subsystems.

The first subsystem is to collect human sensi-
bility words proper to the domain of design
object, and to analyze people’s feelings and emo-
tion presented by words and to quantily them
into some numerical values. Semantic Differential

(SD) method is used lor evaluating the appro-

-
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priateness of human sensibility words about the
domain of design and for quantifying its qualita-
tive properties (Osgood, 1957). Factor analysis is
performed in order to investigate meaning space
for human sensibility words based on SD evalua-
tion, The main goal of the first subsystem is to
construct human sensibility database whose at-
tributes are human sensibility words and some
quantitative values having the correlation pro-
perties between human sensibility words and
design elements. Hayashi's quantification theory
type | is used to get correlation properties, which
is uan effective regression method to deal with
vilues with qualitative and quantitative proper-
ties (Hayashi, 1976].

The second subsystem is to translate the peo-
ple’s image into concrete design specifications,
There are various kinds of inference models for
the translation process. Various mathematical
theories such as heuristics, fuzzy theory, neural
network theory and genetic algorithm have been
also introduced in the inference models. These
maodels use the information stored in human sen-
sibility database as input parameters in the reason
process [Shimizu et al., 1995: Ishihara et al.,
1995 ; Tsuchiya et al., 19961,

The third subsystem is to present the reasoned

design elements in the inference model with gra-
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Fig. 1 The architecture of the HSES
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as SD scores for subjects, where A is design sample
number. 7 i1s human sensibility word number, and
7 is subject number. We can also define SM/ for
each word on each samples. It can be obtained by
averaging the checked number across subject as
follows, where » is total number of subjects,

n
SMi= EIS‘ (1)

The next step in the quantification procedure is (o
estimate the relationship between human sensi-
bility words and product design elements by
means of regression methods based on the as-
sumption of linearity. The linear multiple regres-
sion analysis is a method to derive certain rela-
tionships between one value v which is called a
criterion variable (dependent variable) and vari-
ables x;. xa, *++, x, which are called explanatory
variables (independent variables). The criterion
variables und the explanatory variables have
quantitative values with interval scale in the gen-
eral regression analysis. But, there are many cases
to analyze the relationship between criterion vari-
ables having qualitative properties and explana-
tory variables having quantitative ones in our
environments. Hayashi’s Quantification Theory
Type | is well known us an effective method 1o
deal with such cases (Tunuka, 1983). In case of
HSE. the major role is to analyze the relation-
ship between human sensibility having qualitative
properties and design elements having quantitati-
ve properties. Thus. it can be used as an effective
regression method in the HSES. The general re-
eression model of the Hayashi’s Quantification
Theary Type | can be define as follows on each
human sensibility words 7. where ;7 is item num-
ber. & is category number (Kawaguchi et al.,
1980,

m £y

=22 ahte! (2)
=1k=1

where j=1, 2, ==, ¢ [m is the number of items)
and k=1, 2, -, ¢, [ ¢; is the number of categories
on item J).

In the above equation. . is called partial re-
gression coefficients or category scores (weights).
The mujor goal of the equation is to find co-
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efficients a;x in order to minimize of the devia-
tion between estimated values and real values. v
and xf, are culled criterion variables and ex-
planatory variables, respectively. The estimated
values ol @;x can be obtained by solving simulta-
neous equations composed by above equation.
For example, if there are fifty samples, fifty sim-
ultaneous equations can be formulated on each
word.

In HSE, each item have only one category on
cach sample. Thus. it is necessary to introduce
dummy variables to explanatory variables x,.
Pructically, u criterion variable v* corresponds to
SM} gained from SD evaluation and explanatory
variables 1, have 0 or | according to the com-
position of the design elements on each samples.
By solving simultaneous equations, we can get
three important variables which is used as para-
meters in our inference model. These are multiple
correlation coefficients, partial correlation coeffi-
cients, and category scores. Figure 3 shows the
relationship of these values with human sensibil-
ity words and design elements.

Multiple correlation coefficients give the degree
of relutionship between a human sensibility word
and the product image. It is said 1o be a very
suitable word if the value is close to 1. Partial
carrclation coefficients give the degree of clos-
eness between a word and each item. If the value
for some item is higher than that of any other
items, 11 can be said that the latent meaning of the
word is closer to that item than any other items.

Category scores mean the degree of contribution

HS! Human Sensthility — by
HS Words |
"""-\-.._\___‘_\_'___,_,—"

X [Winple -
C_ HS Words 1 Y L——r———

E?T ‘K’ MPartial

| R

/ - - 5

[ Z = - \
‘:__ |tem 1 'L\ X_____

T

< Calegory
o SO

Design Elements

Fig. 3 The relationship of parameters
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ol each category of each item to a human sensi-
hility word. These three values can have statistical
validity because these values are obtained by
regression analysis. This needs two kinds of sta-
tistical test for this reason, One is the F-test for
regression model and the other is f-test for para-
meters such as partial correlation coefficients and
category scores.

2.3 1Inference methods

There are two kinds of the inference method in
the HSES as shown in Figure 4 (Matsubara et al.,
1997h).

One is forward inference and the other is back-
ward inference. Forward inference is used to
reason the product design elements from human
feeling and emotion. In other words, the goal
of this procedure is to find the product design
elements which are the most close to the human
sensibility words given by customers. It is utilized
to support the customer’s decision making in
selecting u product which satisfies his or her
own preference.

On the other hand, backward inference is used
to diagnose how well each human sensibility
word presents the image of the given product
design elements. Through the diagnosis by back-
ward inference, the degree of closeness between
human sensibility words and design elements
can be anulyzed. When some design elements are
figured by designers. it is possible to get the
human sensibility words which have the most
influence on the design elemenis by this approach.
Thus, this approach is useful for supporting de-
signers in doing his creative works,

It can be said that an inference model is highly
reliable if the resulls from forward inference and
the ones from backward inference give almost the
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Fig. 4 [Inference procedures in the HSES
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sume information to the customers and 1o the
designers. Therefore, this idea can also be used
to test the reliability or validity of an inference
model. It is also possible to investigate whether
there are discriminations between selected words
and any other words of design elements. We use
this idea in finding the effectiveness of inference
rules designed in this paper.

3. Rule-based Inference Model

The rule-based inference model proposed in
this paper has five reasoning rules. and s com-
posed of three procedures such as standardiza-
tion, reasoning, and comparison procedures, as

shown in Fig. 5.

Fig. 5 Rule-based inference procedure

3.1 Standardization of the quantified data

The values gained from Hayashi’'s Quantifica-
tion Theory Type | have diflerent range on each
human sensibility words. Especially, partial cor-
relation coefficients and category scores are re-
stricted its meaning within one word. The differ-
ence can cause to inadequate results in compari-
son process among words. Therefore. 1t 15 neces-
sary 1o put the data into ones having same range
in order to evaluate with same weight in the in-
ference process. Standardization means the con-
version of the partial correlation coefficients a&nd
category scores into the value berween 0 and 1 in
order 10 escipe biased reasoning caused by dif-
ference ranges. Here. we redefine M.. F,,. Cix as
multiple correlation coefticient of word 1. partial
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