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ABSTRACT

The purpose of this study is to test the feasibilit applying an interpretive structural modelin§N1)
method for case hosts to develop verity designtienlwf case host preference-based products. ledhly
design concept stage of the product developmesigers often need to create many ideas as theotase
products for the main idea of what case the hosttsvaHence, a conversion approach that can provide
multiple design solutions meet case host’s requergmis needed. This study presents an ISM mefod f
developing verity design solution of case host gmerice-based products. A razor will be used asetste
case. The experimental results from this study ideyproduct designers with a new design approach fo
developing verity design solution of case hostgnexfice-based product.

Keywords: User Requirements, User-Centered Design, Product Design, |SM.

1. INTRODUCTION

In the case hostism era, user preference anEngineering [14-15]; quantification analysis of
product style perceptions are importantclasses, product image technology and artificial
requirements. However, it is a challenging task forneural network or fuzzy set theory are the
designers to transfer the user’s implicit prefeeenc well-known techniques of traditional conversion
and perceptions into specific design specificationsapproach. All the techniques of traditional
Accordingly, we cannot overemphasize theconversion approach adopt following major steps
importance of a design approach for transferringo produce design solutions: (1)First, MDS, factor
their implicit preference and perceptions into analysis or cluster analysis classes (I) are aghpdie
specific design specifications. search the design elements design variables and
The traditional conversion approach transfersdeSlgn factors. (2)Second, using the conjoint

) o .Canalysis, regression analysis or quantification
case host’s preference and perception into design Y 9 Y 9

elements. Specifically, it is an important function analysis of classes, product image technology,

o . artificial neural network or fuzzy set theory and
of traditional conversion approach to produce . : . )

. . o other techniques, the relationships between design
design  solution. However, the traditional .

. . . elements and preference and perception are
conversion approach cannot provide multiple hed d de. Each relationshio b
design solutions. That is, it can not offer searched and made. Each relationship between
decision-makin for the acée tance to meet théjeSlgn elements and preference and perception is
needs of the gowners in raFZ:ticaI desian Caseunique. For example, an emotional feeling impact
Accordinalv. it is the qoal o? study to devgelo an is only corresponding to one set of design elements
im rovedg %onversionga roach )t/hat can rgnderBased on the relationship as reference, a product
mLE)Iti le desian squtionspp designer can produce a design solution [2-5,9-10].

P 9 ' This shows that traditional conversion approach

To propose an improved conversion approachgannot offer multiple design solutions for one
traditional conversion approach’s limitation in perception or preference. In other words, it means
practical design case should be further discussedlesign solution from traditional conversion

Conjoint analysis, regression analysis of Kanseiapproach does not have a good diversity of design
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capability. However, in the early design conceptproducing variety design solutions in accordance
stage of the product development, designers oftewith combination rules. In this study, an example
need to create many ideas as the case of produaté razor is used to demonstrate ISMBA operational
for the main idea of what case the host wantsprocesses.
Hence, an improved conversion approach that can

provide multiple design solutions meet case host's
requirements is needed.

Hierarchy 4

Hierarchy 3

Based on the basis theory of Rozenburg &
Eekels [13], design solutions are created in thg wa
through the permutations and combinations of
various design elements. If the permutation and
combination rules of design elements meet case
host's preferences (or sensation), it is not diffic
to provide multiple design solutions to meet case2. CASE DEMONSTRATION
_hosts requirements. This implies that |f_ the Phase 1 Analyzing design elements
improved conversion approach can provide a
function of multiple design solutions meet caseStagel-1 Choose the representative samples
host's requirements, it should have the following
functions: (1) analyzing design elements and
design factors, (2) building variety combination
rules of analyzing design elements, (3) producing
design solutions in accordance with design
elements combination rules. That is, advanced
techniques that can converse the case host's
requirements into variety design elements
combination rules is request.

Figure 1  Diagram of structural model of ISM

® Materials: Twenty-six black and white razor
photographs and eleven right-hand-sided image
words (Table 1) (in Chinese) were used for the
semantic differential test[1,11]. These razor
samples were presented in full-scale front and
side views. In the semantic differential test, the
preference and image words were scored
according to a nine-point scale. The attribute
scale is defined by a bipolar pair of descriptive
Interpretive Structural Modeling (ISM) is a  adjectives, with an image word on the right side
computer-assisted process that enables people toand its antonym on the left side. On the attribute
develop a map of the complex relationships among scale, a nine-point score means that the subject
many elements involved in a complex situation. It has a very strong preference or image
was first proposed by J. Warfield [16-18] in 1973 impression of the razor sample, while a
to analyze different complex socioeconomic one-point score for a minimal preference or
systems. The basic idea of ISM is to rely on a image impression.
decompose . complcated. sysiem nto soveral SUBISCts: Twelve case osis (9 males, 3 females
sub-systems (elements) and construct a hierarchic, in the age range 45.i.1'3) are joined to t_he test.
directional and ordered multi-level structural mode ~ MOSt Qf them participated in the subjective
(Fig. 1) [6-8,19]. ISM is often used to provide a evaluation task.
fundamental understanding of a complex situation.® Procedure: Each case host was asked to evaluate
one can apply his idea to construct a course of 26 razors according to the image word pair. The
action for solving this kind of problef’% As such, evaluations were conducted individually for each
ISM can (1) construct combination rule of elements, case host which allowed to proceed at his or her
(2) converse one’s idea to structural rule of eletmne  own place. To prevent the centralization of the
That is, ISM can converse case host requirements rating scores that often occurs in a attribute
into variety design elements for considering evaluation task, the case hosts were told to obey
combination rules, implied that ISM is suitable for the following three-step procedure:
improved conversion approach. Therefore, this . .
study considers Interpretive Structural Modeling P @Classify all the samples into three groups,

(ISM) as a fundamental approach (ISMBA) for a representing low, ”!ed'“m’ _and high

possible improved conversion technique. The degrees of strength with each image word

ISMBA contains three major stages: (1) first, using pair and preference. For_ example, fqr the

Chuang, et al’s approach for analyzing design preference score,“there will be three piles 91‘

elements, (2) second, using ISM to build razors, one for “very strong pref’erence,

combination rules of design elements, (3) third, another for “moderate preference,” and the
other for “least preference”.
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Table 1. The 11 image word pairs obtained from cluster analsis of the pilot test

Traditional-modern Heavy-handy Hard-soft Nostalgiant-garde
Large-compact Masculine-feminine Obedient-rebetiiou Hand-made-hi-tech
Coarse-delicate Plagiaristic-creative Rational-éomat

Step b:Assign a score to each sample according tdSM. The procedure for building a morphological
the strength of the preference or imagechart is as follows:
word by placing a check mark along the
scale. Evaluation scores should fall in the
range of one to three points for the
low-degree pile, four to six points for the
medium pile, and seven to nine points for
the high-degree pile.

Step a:First of all, according to 6 razors common
functional attributes, the study analyzes 6
razors common parts are: structure, namely,
body, power holder, power keys, head
(Table 2).

fStep b:For each common part, it has been seen 6
razors all of the possible shape. The body,
for example, the Fig. 2 presents each razor's
body shape is depicted. Then, we can
Stagel-2 Decompose design elements summarize them for each razor's body by
the form. Later, all of these 6 razor's body

Out of the 26 razor samples, Big. 2) razor shape appearances are razor’s body design
samples were chosen with the strongest preference elements. such as Table 2 of the A1 A2 A3

scores in terms of t_he nine-point se,mantic scale. A4. Thus, the principle of induction
For gxamples, the six razor s_amples score(s) are observed in this study is obtained as the
all higher than seven-point, implies that t_he Six design elements shown Table 2

razor samples all meet the case hosts’ requirements
Thus, the six razor samples serve as representatiighase 2 Building Combination Rules of Design
samples. By analyzing the six representativeElements

samples, one can construct a morphological char, . . .
(Table 2) in terms of their global shape and étaqu-l Organize _an ISM_implementation
features. The element in morphological chart9/ouP

serves as the design elements for the implement of

Step c:The samples with the same degree o
preference or image word association
should be assigned the same score.

ZE1 ZE 3 ZE 4 ZES
7.8* 7.2* 7.8* 8.2*

*score of attribute scale

Figure 2. Top 6 razors with strong preferences.

Table 2. Morphological analysis of 6 razor samples

Design elements Category 1 Category 2 Category 3 egory 4

A. Body Al D A2 U A3 D A4 ‘
B. Power holder B1 U B2 D B3 B B4 O

94




Journal of Theoretical and Applied Information Technology
15" January 2012. Vol. 35 No.1 N

© 2005 - 2012 JATIT & LLS. All rights reserved

SATIT

ISSN:1992-8645 www.jatit.org E-ISSN:1817-3195

C. Power keys c1 U c2 — c3 D c4 O
D. Head o1 [\ D2 D) D3 (] D4

Boolean multiplication and addition laws (i.e.

To begin, a case host group was established 1x1=1and 1+1=1). For example,

and the group members were responsible for 10 10
manipulating ISM. This user group consisted of M :[ } 2:[ } (5)
fourteen subjects (8 males, 6 females), most of 11 11

whom were college students in Taiwan. Next we can calculate the reachability set and the

Stage2-2 Set up the input matri® of the design ~ priority set based on Egs. (6) and (7), respegtjvel
elements as per the following equations:

From the responses of the case host group, th R(t) ={e | m’;i =1}, (6)
directed relationships among the design elements
(Table 2) were hypothesized as the matdx This « , 7
matrix provides an initial impression of how, in A(ti) :{q |mi =1} @
what order the risk design element might
ultimately be correlated. It is constructed by
asking questions like “Do you prefer the design

elemente to the design elemerf?” If the answer  Stage2-4 Decompose the design elements into
is “Yes” then 7T, =1; otherwise T = 0. The the leveled relationship map

wherem; denotes the value of tlith row and the
jth column.

general form of the relation matrix can be written The levels and the relationships between the

as follows: command items can be formulated as:
& & & R(t )ﬂ Alt) =R(t) (8)
g 0 m, - m, _ ,
elm, 0 - x 1) The structure of the command items
D=2"* = e relationships can be expressed using the graph
Sl : ) : shown in Fig. 2. This is an algorithm-based
€|, M, - O process that groups the command items into
different levels depending upon their relationships
where g is the ith element in the systen; This provides a multilevel interpretive structural
denotes the relationship between itieand theth model in which the relationships among the design
elements, an® is the relationship matrix. elements are clarified.

Stage2-3 Determine the reachability matrikd Phase 3 Producing Varity Design Solutions
of the design elements

In accordance with the design element structure
After constructing the relationship matrix, we (Fig. 3), a product designer helps to modify the
can calculate the reachability matrix using Eg}. (3 final razor design solution§ig. 4). The following
and (4) as follows: description of the use of design element structure
_ (Fig. 4) produces a variety of design methods and
M=D+I, 3) steps razor.

M"=M*=M*", k>1, (4)  Sep a:First, choose one of the shapes through the

. . I L body level, such as Al. Next, one of
wherel is the unit matrixk is a positive integer

exponent, andM* is the reachability matrix.
Note that the reachability matrix satisfies the

95



Journal of Theoretical and Applied Information Technology

15" January 2012. Vol. 35 No.1 B\Y i]
© 2005 - 2012 JATIT & LLS. All rights reserved P
YT
ISSN:1992-8645 www.jatit.org E-ISSN:1817-3195
Al A2 A3 A4 Bl B2 B3 B4 C1 C2 C3 C4 D1 D2 D3
AL|1O O O O 1 0O O O 1 0o 1 0o 1 0
A2 | O 0 0 0 0 1 1 0 0 1 0 1 1 1 L
A3 | O 0 0 0 1 1 0 0 1 1 1 0 0 1 0
M| O O O o o 1 0o 0O 1 1 0 1 0 1
Bl1| O 0 0 O 0 0 0 0 1 1 0 1 0 0 0
B2 0O 0 0O O O O O O 1 1 12 0 1 o0 D0
B3| 0O 0 0 O 0 0 0 0 0 0 0 0 0 1 il
D= B4 | O 0 0 O 0 0 0 0 0 1 0 1 1 0 0
cilo o o o o o o o o o o o o0 1 p
C2| 0 0 0 O 0 0 0 0 0 0 0 0 1 0 1
cs|]o o o o O O O O O o o o o 1 p
C4| 0 0 0 O 0 0 0 0 0 0 0 0 1 1 1
pL{o o o o O O o O O o o o o o p
p2zfo o o o O O O O O O o o o o o
D3I|0 0 0O O O OO O O O O 0 0 0 p

Body

Power key

Head

Figure 3.  The design element structure developed from the rehability matrix

NZ1 NZz2 NZ3 NZz4 NZ5 NZz6
Figure 4.  Several razor examples developed from ISMBA
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the power holder form elements that are to be a relationship among the curved line—based
associated Al, such as B1, was chosenshape group and the round shape group. This
from the power holder level. Then, the explains why case hosts preferred the curved
above selections can be combined. line-based shape and round shape.

Sep b:Later, then continue down to power key
level, designer can chose one of power key
shapes that are connected to B1, such ag3.2. The Feasibility of Applying ISMBA to
C1 and C2. Select one of them (such asProduce Variety Design Solutions

C2), and then it can be combined. . . . .
Finally, the variety design solutions of case

Step c:Following the previous steps, then, from host-preferred products are also showrFig. 4.
the head level to select a form connected This product variety was due to the hierarchy of
with the C2 elements, such as D2, the final design element interactions within a produeig(
combined into a complete one razor. NZ1 3). This approach represents related design
is case A1-B1-C2-D2 combination of the constraints within a product using a structural
results. graph. It can help designers to create variant
resolutions in a series of design product for case

Sep d:M hile, if the desi t to get
ep d-Meanwhiie, It The designers want 1o g€t .« requests.

various other razor design solution, he can
follow the Step 1 to Step 3 of the
above-mentioned method, according to 4. SUGGESTIONS

different routes with different design _ e .
elements considering form elements. . To win the_competltl(_)n_ n de5|gn market, the
Hence, the razor can have different designs/SSU€S regardm_g providing  various  product
In Fig. 4, NZ1, NZ2, NZ3, NZ4, NZ5, and solutions for deslgner to meet case h_ost ne_zeds are
NZ6 are created from thBig. 3 of the more and more important. From this viewpoint, we
cannot overemphasize a design approach that can
modify variety design solutions. This study tested
the feasibility of applying the ISMBA method for
developing variety design solutions. Based on the
experimental results, several suggestions can be
made as:

design element structure choice of 6
different kinds of design elements
considering the path of the razor
constructed 6 different design&ig. 4

displays the use of ISMBA to generate
variety design solution in possible design

elements. ® First, we suggest that the product designer
should use curved line-based and round shapes
in designing a razor. This should improve the
3. DISCUSSION case host satisfaction with a razor.

3.1. The Analysis of the Case host-preferred @ Second, this study suggests that the product
Razor Form designer could adopt ISMBA to develop
various products so as to satisfy the

In accordance with the 6 representative SO .
individually requirements of case hosts.

samplesKig. 2) and 15 design elementBable 2),
the following razor features were identified as
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