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The Expression of Design Thought Processes Using CAPIS Model

KATSUNORI OYAMA,# ATSUSHI TAKEUCHI't and HIROSHI FUJIMOTO"

We develop an expression of design thought processes so that designers can share and ap-
ply the experts’ design decisions. Because it is difficult to expose thought processes with
complexity and diversity that includes repetition of trial and error, we focus that all design
decisions reflects a design consequence. In this paper, we present the CAPIS (CAusality of
Problem-Issue-Solution) model method that illustrates a thought process in parts of “Prob-
lems”, “Issues”, “Solutions”. Furthermore, we discuss that an expression of thought processes
by four experts that uses Object Oriented Modeling. In this result, we validated this thought
process explains common sense, domain knowledge, design rationale, which are not addressed
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by class diagrams and memo.
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Fig.1 Complex thought processes on design task.
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Fig.2 CAPIS Model.
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Table 1 The knowledge hierarchy for design thought processes.
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Table 2 Conceptualization processes.
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Fig.3 Knowledge hierarchy based conceptualization
processes.
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Fig.4 Maturation process of concepts.
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Fig.5 PIS Template that represents problem-issue-solution (Generated by

“Hozo” Ontology Editor 9)).
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Table 4 The thought processes of experts and process time.

e . ANIWEEET
A Mok Lo BaiEe (R - I - 3R w!;/irn%;; S{RVEHERH
FiRE - 4 ST A4
AR A | T BRIE 6047 40 %y 50 47 150 47
AT F A TAOEAN
[ (7Y i TOME
RERE B | A o kL~ oEEl 25747 3547 20 77 80 73
R AT T Y v REEDHIR
PSR - BEREASEBI L TV 52 T ARE
TRERE C | W 2 FA”D T L 60 %y 40 47 90 57 190 5
W 2 7 T AOFEHERK
FEIRE : = — A B B HRER
RERE D | My YT L—varokE 5557 70 %5y 80 43 205 53
SR - EREEE AR P RAE DR B

000000000000000000MIO000
00000000000000000000000
00000000000000000000000
01000000000000000000 A0
00000000000000000000000
00000000000000300000000
0000D0D0000000D0000D0000000
000000000D00000000000000
0000000000000000

(2) 0DOOOOOO
00000000000D00000000000
205000000 800000000 4
0000000000000 BOOOODOOOO
00 100000000000000000000
00000000000000000000000
00000000000000000000000
ooooo
00030000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000 CO0000000000000000

gbooooooooobooooobooboon 9o

gooboboooooooooobobooooooo
gooboooooooooobooboooooooooo
goooobooooooooooooboobooooDo
ooooooooooooboOoooo booobooo
goobooooooooobooooooooooo
oooobooos3sboooobocooooooooo
goboocooooooooo

6.4 ODUO0OO0OOOOCOOOOOOOOOOOOO

oo

000 AO0OO0O BOOOOODOOOOOOOO
OO0a0bOcO0O00O0O0O0O000O0O0O0COOOSB500
goooboboooooooboboooooooooo

05 O00DOOOODODOOOOODOOO
Table 5 The cases of applying design decisions with
thought processes.

Eoisln BEEHENC L DM - R OB

REONFIEEFEDOET N LA T AN B D
TR REtE )
CAVTFUVARY TATEANHE THH L L,

BRINT | T e ks s LTS RO (R
AX A %b)
BEDEF LT S ST LB DR
BT IO (REHE o
CAFT Y S ORERBIR L CETARESES
Zroiibka TR @REHE a)
@EmEBD | %V DENEET D RIAZ D0 2% T2 O
o s (B D)
AX A

-BEFOE T )L CHITERE L T 5 B A & A T
LW, TEDTA T T END Z L OBRIRIES
NTRVOTERA @i o

gooooooooooooooooooooooo
goboooooooooboooooooooobood
gooooooooooooooobooooooobod
goboooooooooooobooooooboooo
goooooooo
(1) DOoUOoOooOoooOooOO
gobooobooooooooooooooooooon
gobooobooooooooooooooooooon
ooooo
(2) ODO0OOOOOOOOOODOOO
gooobooooooooooooooooooo
gbobooboooboooooooobooodg 50
00000 ADOOOO0OOOO0O 1000000
ooobooooooOoOooooooooooobOO
gooooooa
(3) DOoUOoOOoOoUoDOOOO
ooooooooooooooobobobooooooo
ooooooooooooooobooooooo
ooboooooooooo



2804 goooooooo

6.5 O a

(1) DoOOUoOooOoUoOooOoUooOo

0000 AOQO0OOOOOOOOOOOOOD 40
O0000000o0o0ooOoOoCAPISOOOOOO
gobooooooooobooooboooooon
oooooooooobobo0o0ooooooooooo
rPISOOO0OCOOOOOOOOOOOOOCOOOOO
gobbooOooOoOOOoOoOOoOoooooooobooon
ogooooooooon
gooooobooooooooooooooooon
goooooboooooooobooooooooo
obooooooooooooooooooooo
goooooooooooooooooooooon
goboboooooooooboooooooobooooon
goboooooooooooooboooooooon
ooboooooooooo
oooooooOoOopIsOOO0OOOOoOOODOO
goboooooooooooooooooooon
goooooooooooooooooooooon
gooogoooad

(2) ODOUOOOOOUOOOOUOOO

0000 AQ0OOOOOOO0OO0OOOOOOoOOd
gobooboooooooooooooooooooon
goooobooooboooboooooooooooon
oboooooooooobooooooboooo
goooobooooooooooboooooooo
gobooooboooooooooooboooooo
goooooooooooooooooooooon
oono
gobooboooodoboooooooooooooobo
goooooooooboooooboooooooo
oobooooooooooooo

7. 0000

Garcia0W ODOODDO ADDODOOOODOOO
000D0000000D00D0000000000000
00000000000 000000000D000Dn
000000000000000CAPISOOOOO
0000000000000000000000000
000000000000000000000000
0000000000000 D000000 30000
000000000000000000000000
000000000000000000000000
000000000000000000000

0000 00000000000000000
000000 DbDMSOOOO0OO0O0O0O0O0OOOOO

Aug. 2006

0000000000000 000000ooooon
00000000000 000000o0ooogon
0000000000000 00000oooooon
0000000000000 D0D0oOooooon
0000000000000 000o0ooooooon
000000000000000000000000
000000000000000000000000
000000000000 00000000000n
00000000000 00000CAPISOOOD
000000000000000000000000
000000000000000o0oooooon
000000000000 00000oooooan
0000000000000 00000o0oooon
0000000000000 00000000ongn
oood

Tsumaya'® 0000000000000 7000
000000000000000000000000
000000000000 000000000000
0000000000000 00000000000
000000000000 000000000o00n
0000000000000 000000ooogn
0000000000000 D0D0o0ooooon
0000000000000 0000000000dn
00000000000 000o0ooooooooon
0000000000000 0o0o0ooooooon
000000000000000000000000
000000000000000000000000
00000DO0OO0CAPISOODOOOOOPISOD
0000000000 00D00000ooonooo
0000000000000 0000o0oooooog
Takeda 0 00000000000 0OOOOO
0000000000000 000000ooogon
0000D000CADOOOUODOODOOOOD
O0000OTakeda 00D O0OOOOOOOODO
000000000000000000000000
00000000D000000000CAPISOOD
000000000000000000000000
0000000 000000o0oo0ooooogn
000000000000000000000000n
oood

00000000000000 Valkenburg'® 00O
000000000000o00o0o0ooooooon
000000400000000000000000
0000000000000 00DO0DnOooooon
000000000000000000000000
000000000000000000000000



Vol. 47 No. 8

000000000000000000000000
000000D00D0000000000000000
00D000000000000D00

Guarino0® 000000O00O000O0O0DOOO
0000000000000000000000000
00000000000000O0D0000Maedche *®
0000000000 30000000000000
0O00ooOo0'Y0000mMO000000onoon
000000D0000000000000000000
000000D0000D00000000000000
O000O00CAPISOO0O0O0ODDOOOOOD
000000000000000000000000
000000000000000000000000

0000000000 000000D00000000
000000D00000000000

000000000000 D00000 Ackoff? O
Bellinger 09 00000000000 OOODO0O
000000000000000000000000
00000000000® Oo0o0o00o0o0o0oo
000000000000000000000000
000000000000000D00D0000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000 0000000000000
0000000000000 00000000000
0000000000000 00000000000
000000000000 00000000000

00000000000000000000000
000000000000000000000000
0000000000000 00000000000
00000000003 000000000000
0000000000000000000000000
000000000000000000000000
0000000000 0O0OCAPISODOOOOODOD
000000000000000000000000
0000000000000 00000000000
000000000000000000000000
000000000000000000000000
000000000 000000O00

8. 0 OO0

O00000000O00ooOoO CApPISsOOOOO
ooo0O0oOoprPISOOO0O0O0OOOCOODDOOOOO
gobobooooooooooooobobOooooDo
goooboobooooooooooooobooooooo

CAPISOOO0O0DO0OO0OOOOOOOOODOO 2805

goobooooouoobooocoooobooboOoboOooo
gboooooboooooooboobooobobooooooon
CAPISOOOOOOOOOODOOOOOOO
(1) DOOO0OOOOOODOOODOOOODOUOoO
gobooooooooooooooooooboooo
goooo3ooooboooooboooooooo
oooomoooobobooooooboobooooo
ooprPISO00O0O0O0OO0OOO0OOOOOOOOO
goood

(2) ODOOOOODOOOOOOOOOOOODOOO
goboooooooooooooboooooooo
gobooooooobooooooo

(3) pPISOUOOUOOOOOOOOUOOUODOO
ooboboooboooooooobooooooooo
goboboooooooooooobooooooooo
goooobooooooooboooooboboooo
oooooooooooObObObObOO00000000o
goobooooooooooobooboooooooon
o40000000000C00O0O0O00O00OCOOO
gbobooooobobobooooooooobooooa
gobooooooooobocoooooobooboooo
goboooooooboobooooooooOoobooo
gobooooooooooocoooooobooooo
gboooboboooooooooboooooooobooo
00000o00oOoooOoOoOoOooCAPISOOOO
goooooooooooboooboooooobooDoboo
gooooboooooo
goboboooooooooooooooooooon
goooooooooobo 1io3gooooocoooooa
goboooooouooobooocboOooooooOobooo
gobooooooooobooocobcOoooooboooo
gooooooOoooooooooooo pPIsooOd
gobooooooooooboooboooooooboo
goboooooooooboooooooooooboooo
gooooooooobooooooooboooDbonboo
gooooooooo

00 OoOoOoooooooobooboooooobo
goooooo

o o o o

1) Polanyi, M.: The Tacit Dimension, Routledge
& Kegan Paul Ltd. (1966).

2) 000000000O00OD0OD00O0ODO0OOO0
00 (2001).

3) boU0OoOoUbDoUoUOoooUoOoUoooO
0ooooooooo (1999).

4) Brown, W.J. and Malveau, R.C.0 0[O0



2806 goooooooo

000Mmuoooooooooooooo (1999).

5) Ackoff, R.L.: From Data to Wisdom, Jour-
nal of Applied Systems Analysis, Vol.16, pp.3-9
(1989).

6) Bellinger, G., Castro, D. and Mills, A.: Data,
Information, Knowledge & Wisdom.
http://www.systems-thinking.org/dikw/
dikw.htm

7) 000000 0000 oooooooo
goooo0oooooooooooooooon
00000 s8sooooooooooooooon
000000 SIG-SWO0-A403-03 (2004).

8) Guarino, N. and Giaretta, P.: Ontologies and
Knowledge Bases: Towards a Terminological
Clarification, Towards Very Large Knowledge
Bases, Mars, N. (Ed.), pp.25-32, IOS Press
(1995).

9) DOoU00OOoOoOoOooUUOOOooooooooog
00o0000ooooooooooooooon

00oooooooo—000000oooooo
goooOoOooooooDOoOoooooOvolar,
No.4, pp.407-419 (2002).

10) ETOO0000O0000O0OOO0ODOUoOOoO.
http://www.etrobo.jp/

11) Garcia, A.C.B. and Howard, H.C.: Acquiring
design knowledge through design decision jus-
tification, Artificial Intelligence in Engineering
Design and Manufacturing, Vol.6, No.1, pp.59—
71 (1990).

12) 000000 UO0ooOoooUoOooooooo
0000o0oo0oonoooonooooooooon
00000000Vol.20, No.1, pp.11-24 (2004).

13) Tsumaya, A., Nomaguchi, Y., Yoshioka, M.,
Takeda, H., Murakami, T. and Tomiyama, T.:
Verification of a Model of Synthesis — The
Methods for Verification and Results, 13th In-
ternational Conference on Engineering Design
(ICED 01), pp.229-236 (2001).

14) Takeda, H., Veerkamp, P., Tomiyama, T. and
Yoshioka, M.: Modeling Design Processes, Al
Magazine, Vol.11, No.4, pp.37-48 (1990).

15) Valkenburg, R. and Dorst, K.: The reflec-
tive practice of design teams, Design Studies,
Vol.19, No.3, pp.249-271 (1998).

16) Maedche, A.: Ontology Learning for the Se-
mantic Web, chapter 2, Kluwer Academic Pub-

Aug. 2006

lishers (2002).
17) Ogden, C. and Richards, I.: The Meaning of
Meaning, Routledge & Kegan Paul Ltd. (1923).
18) 0000000000000 Opp.213-215,
oooo (2005).

(00 170 100 27000)
(00180 50 9000)

00 OOooODooooo

00 58300000 150000
gd0o0ooooooooooooo
goboobooooboboboo
gogbooooobooboobooo
00oo0oooOooooooMDAO
Semantic Web 0O 00000

00 0Ooooo0
0021000004500000
r& ) 0000000D0000000 47
/ 0000000000000000
. 0000000000000000

o 0000000000000000
00000000 400000000000000
00000 18000000000000000000
00000MO0000000000000000

gobooooooobooooooooooooood
OOIEEEOCOOO

00 000000
001600000 4000000
0000000000000000
y 0000000000000000
‘/‘E 04400000000000000
“ pooooooooooOOOO0O
00000000000000000 7000000
00000000000000000MO000O
000000000000000000000000
0000000000000000000000000
O00OO0O0OO0OO0OO0O0IEEEOOOO




