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Abstract

In order to detect causal relationships between latent traits of sensual impressions
for a color and physical characteristics constructing it, it is a common practice first to
extract latent factors by a factor analysis method and secondly to clarify the causal
relationships by a regression analysis method.

This paper presents a multivariate statistical technique to detect the influence of
the physical characteristics to the latent factors simultaneously which treats the
physical characteristics as experimental factors in a L,; factorial design and analysis

the effects of the factors to the latent trait scores by an ANOVA. '

1. Introduction

In order to detect causal relationships between latent traits of sensual impressions
for a color and physical characteristics constructing it, it is a common practice first to
extract latent factors by a factor analysis method and secondly to clarify the causal

relationships by a regression analysis method[1-3].
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In this paper, we make inquires about impressions for packages of confectioneries
and then extract latent factors considered as “KANSEIs(in japanese)” by using factor
analysis method. Further we clarify the causal relationships between latent factors
and design factors by a method of experimental design whose characteristics are
latent factor scores.

This paper shows that our proposed method works well by its reasonable results.
In practice, if we would like to give an hypothetical impression, which may be modeled
by a factor analysis method, to a consumer, we enough to create a package to have the

optimum combination of design factors.

2. Design of our experiment

2.1 Construction of experiment
Our experiment was constructed as follows :

(1) The sample is consisted of 30 university students, male=16 and female=14,
randomly selected from our university.

(2) 5 design factors shown in Table 1 were chosen from many factors which may affect
our experimental results.

(3) The design factors were assigned into a split-plot design (L,,) as shown in Table 2.

(4) 27 typical packages were taken from many candidates corresponding to each
experiment nuinber in Table 2.

(5) Our questionnaire was consisted of 20 items as shown in Table 3.

Table 1 : Design factors and their levels

Design factor Level 1 Level 2 Level 3
A design novel normal plain
A number of color large normal small
A light and darkness light normal dark
A hue bright normal plain
A generation adult young child

317



Table 2 : Design

Table 3 : Questionnaire

Item

Item

primary facton desin factor row
A a design 1 elegant - vulgar lively - calmly
B a number of color 2 agreeable - unpleasant japanese - exoticism
CxE an interation 3 N 'eﬁl"d . :illy' N simply - heavily
. shapely - sly; p . p
¢ a ].lght am.i darkne 5 dy:an};ic - stgagtlisc harmony - disharmony
BxC an interation 8 bright - plain light - dark
CxE an interation 9 like a adult - like a child clearly - dimly
D a hue 10 modern - classic like - dislike
BxC an interation 11 warmth - cool good design - bad design
E a generation 13 manly - womanly good feeling - bad feeling

2.2 Construction of our data matrix

When a package was presented, our student checked his or her score in accordance
with his or her impression, where the student could choose a score from 7 different
responses, e.g.,‘(i)extremely elegant, (i)very elegant, (iii)elegant, (iv)normal, (v)vulgar,
(vi)very vulgar, (vidextremely vulgar. Then, we took an average of 30 student’ s

scores as the package’s score.

3. Analysis of the data matrix

3.1 Factor analysis
Factor analysis method is well known as a statistical method to explain observed

correlations by considering a small number of hypothetical factors(5,6]. Among
various estimation methods MINRES method[7] was used because the size of our
sample 27 was not enough large and the following two factors were extracted:

(1) The first factor a felling of comfortableness
(i) The second factor a felling of conspicuous colorfulness
3.2 Analysis of variances(ANOVA)

Experimental design method is a statistical method to clarify the causal

relationships between the observed characteristic as a dependent variable and design
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factors as independent variables[8]. Here, a couple of factors extracted above were
treated as dependent variables and 5 design factors in Table 1 were considered as
independent variables. |

Table 4 shows the result of ANOVA for the first factor, from which it can be
concluded that the main effect “A hue” and the interaction between “A light and
darkness” and “A generation” are very significant. Table 5 presents thé result of
ANOVA for the second factor, from which it can be obtained that only the main effect

“A hue” is significant.

Table 4 : ANOVA table for the first factor Table 5 : ANOVA table for the second factor

S & [MS JF_ Ip SS |df |[MS |[F P
B 207 2 1035] 3.312] 00664 A 16531 2| 0826 125 031
C 0.1791 2] 0.0895| 0.287] 0.7552 B 2.187 21 1.094] 1.654] 0219
D 8.4472 2] 4.2236| 13.52f 0.0005 C 2.138 2l 1.069 1.617] 0.226
E 0.8606 2] 0.4303] 1.377| 0.2845 D 7879 9] 394 5959 0.01
CxE 11.153 4] 2.788| 8.922] 0.0091 error 119 18 0661
Total 27.085] 26

From these tables, we can construct an optimum combination of design factors and
estimate the factor score for the combination. For the first factor, the optimum
combination is given by B,C,D,E, , the point estimate is given as 1.887, and the
interval estimate with 95 % confidence level is given as (0.740, 3.034). On the other
hand, the opposite combination of design factors is B,C,D,E, whose two types of
estimates are respectively given as —1.657, and (-2.804, -0.510). For the second factor,
the optimum combination is given by A;B,C,D ; whose point estimate 1s given as 2.005
and interval estimate is as (0.297, 3.713), while the worst combination is given by
A,B,C,D, whose two types of estimates are given as —2.100, and (-3.809, -0.392),

respectively.
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In this paper we proposed a practical method to look for design factors which may
affect our sensual impression for a color and illustrated its performance by the
package-evaluation experiment.

method of experimental design, but it can be very easily carried out by using some

4. Conclusion

This combines the factor analysis method and the

statistical software such as STATISTICA[9], JUSE-QCAS[10], and SPSS[11].
research we use statistical analysis software “STATISTICA for Windows”[9].

Finally we show a path-diagram which illustrates the causal relationships

between latent factors and design factors in Figure 1.

{ Questionnaire’s items )

L warmth - cool i
____manly - womanly ]

L lively - calmly

{____iapanese - exoficism____]

[ lighi - dark

Figure 1 : the causal relationships between latent factors and design characteristics
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