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Abstract

From previous works, we know that the distinguishing characteristics of design
media cause different influence on design creativity. However, the cognitive research
about the application of conceptual sketches design by integrating both conventional
and digital media simultaneously is absent. In this research, we would like to discuss
that can it inspire more creative works if designers use conventional and digital media

simultaneously as sketching media to generate conceptual sketches.

The research consists of two stages. At stage one, there are three experiments in a
protocol analysis of audio/video retrospections. Three participants individually worked
on a design task while drawing sketches by skilled in conventional media, digital media,
and both conventional and digital media simultaneously as design tools. At stage two,
the author analyzed the retrospective data of three experiments by transcription,

segment, and encoding.

The results show that using conventional and digital media simultaneously comparing
with only using individual media can help arouse the creative thinking of divergent
production abilities and transformation abilities in the stage of conceptual sketches
design. The findings may suggest that the integration of various design media provides
one feasible ways to inspire creativity, which can apply to the design training of
creativity on education and to the designer’ s practical operation, but initiates more

possibility of new media to assist design.

Keywords: design creativity, conceptual sketches, conventional and digital media,

protocol analysis
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Tversky, 1997) 3 B 7 e #3K Finivi 7 ¢ ek A 2 48 i eh % . (Suwa and Tversky,
1997) > I v » 3 ERHEF - BARE 7 B 4% (Goldschmidt, 1991) - ¥ @]~ ;g\ k3t

- o AEFX ’L"“ﬁ“d BEAIRAT R I K 0 ¥ B Pkt IS

4 ATenF M E 4~ if(mental image)eiaFs . (Goldschmidt, 1994) > # L % [ FH % B
R - TS LT AR
o KA R RS AR AR e R WOk ahie R~ e
L EN IR Sl At L E { TR AT KRR enfl e a A 2
ATHE 2 (Kavakli et al., 1998; Suwa'and Tversky, 1997) < 1 k3% 5 7 3 &R > d 3 X [§
i P BV T#t CRAFEREARF I AT R DR LG Al R i
mIENR B e ‘.{%fﬁ(VerstlJnen et al., 1998; Herbert, 1988; Kavakli et al., 1998;
McGown et al., 1998; Purcell and Gero, 1998; Schenk, 1991) -

Akin(1978)4 # 4 » TE B, E3E S RS EW TS F e KW R4
iRz EEH Tﬁ‘% P LR G B A PR A o Rl e B R enfR i o #@f'%ﬁf F LR
R R AR - o A EHRP ALY o AR S DERERY - 8
HF W ek Bl (sketch)dp 83K 3+ F Bk 34~ # 2 & g MUK (freehand drawing)- # #
i A O BOTRGT e R 7 A P e 7 (Kavaklietal., 1998) o @
PR FERY HOR Rt 0 2 AR TTAIREAR - B A & P E T F (Li, 1998) -
Bl 0 A2 R SR SO OMAR B RS TRl Y i £ 4 hfp i
oo

Schon (1987)3k 31| » &k 2+ % & 3k h &_i7 5 0k J& 8 #2(a reflection-in-action
process) * Goldschmidt(1991, 1992, 1994)3% 417 | A2 %k i y(seeing as)q‘rr 5 ¥ j(seeing
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that)ip g % AR 3L T Ak Gl TR R 0 R UK
BiEAz? > § BT RTREITRH AP F ALY B RGO M B o
em NIERTIRRR S S TR P AR RRAL - RS R Rl 2 KRR R
FEEE ALY 0 - R AR B A E - B % & 44 (Goldschmidt, 1991; Schén and
Wiggins, 1992; Goel, 1995) = Mitchell (1993)4 &} X Rl 7 = @) 75 £ 418 4
ﬁ%ﬁ’iﬁJ—%i;@gJﬁ?%&ﬁ,@gif%a%ﬁﬁi@ﬁéaﬁ
i plig 4 hT Ak ML o Suwa ® 4 (2000)5 R fRK T F DR VTS R TR
B ¢ 2177 P % I 35 (unexpected discovery) IlP?'g PRV PR A R
RN A 0 A BRI DT IR E IR ATRA S 3 BT i AR
*ﬁ*‘ua’éﬁa’&#i‘éﬁ RAUBETRZEAEL T gy > RIFHPOFIREE
RATRAS § Rend 2 > Apeh RAELF Rehg 40 L5 - PP HFR
18 |

fﬂ

AR EAT Y A R REEH SRR AR TS 0 5 R R L
I Ble F AR T 0 e SRS EC —'ﬁ 3 - 42t #(Bilda and Demirkan, 2003) » &
LF S £ ST A 3 LR S 0 A e BBl A L S
K FE g v B (Verstijnen et all; 1998; FElsas van and Vergeest, 1998) - i
Madrazo(1999) 9 7 4 d1 ﬁﬁ:r" SR B I W S EHA G (a0 fE 0 HARE
&ﬁ{fwﬁMmommP P Sdamm SRR R AIES HERME A
FhnFWUR L B KRR Tl L grd o THEWRXR LIS 28/

X
WEES I 08

2.2.3 WIATB chpit 4 Rt

Simon(1975):% 5 e 53 B & & 2 fRAR e M > WA KA 4 oo
Newell % % (1962)%3 » 54 > v FE T by PRfEAF 5 o @ s fdfais-
R EEL A RAL DR WL TAIES o gt vh s AEBAIE S AR "$ K
AT E RPN > RRAETDIFE R E R ] PR E S ko B F
MEF Al 4 enfEiA 2 55 (Simon, 1996) > H 4 AR &K F RS LR AL fFA-EAE
(ill-structured problem solving process) » I & 1 #-F* g 4 2 41 p e+ P 1R 7R 15 4
$HineF PR FRE R D k- P o F PR FARI M entR] 0 A fg

7 f#K 3 K i Az(Simon, 1973) -

AP ¥+>" Simon > & 32 & 7 _Csikszentmihalyi PgefF "4l 4 . H A2 | B
xg A T A 4 Avmdm ? s Csikszentmihalyi(1988a, 1988b)3k 11 is = BRp %k !
.i% ¥ Einstein {v Infeld(1938) %44 5 3 Mgl » {304l 4 i L/ T HF M



FoR | opvm

F* 3% | (problem-finding) > @ 7 #_f# ;4R 4 (problem-solving) ; 2.i& 3% Getzel(1964)

$or e F IR ATPEA AL S ol ARk R 2 2R o

(SR

oo 3AGRIEEG B Rk R B Amm s B2 I 434 RAR

2R > o Csikszentmihalyi(1988)z% 5 M Al 4 | #* s L H pa & >

\F‘b

A {g].rﬁgm— BpRFARDERTT @ LFPALFEG Y

27 2

TB A J‘ 4;LgJ ‘f\f’ r? Is ] )‘:Li‘—ié%lﬂ‘:ﬁ," jl_,mf\f‘;z ° - Tﬂ; f%r%.gﬁlj

N h
A LN

E.
A (gate_keeper)‘ﬁ" BT & TP ITEE ] él]fé 4 L—E'in T 5. 7Y

f,‘%,it”vﬁié% Y ¥

1¢’memméﬂﬁ%%7§ﬁ%%ﬁﬂ%%$
Csikszentmihalyi(1986, 1988)R *t4L ¢ ~ it g 4 3] » £ - B
j® 2 eipl3# #07] (dual generate-and-test model of creativity)(&] 2-1) - #

K '%' "‘—‘l;‘

L

[

gl 4 e
f i A

B Al B A N A fRARFALEARY 0 7 T BRRE RRALT

LA A AR R A Rl T R B4 A

A LRF

3
AL TG R Rl R RS B L o B A Al A

2 TR B 0 ] T RS 4 AR e AT B G B

Field Domain
Social-cultural recognitions
of creative ideas by a group of
authorized people in the field.

Y

no 4

Sources of initial
data and knowledge
in the domain

Person
Personal creativ¢ solution
generation and rgcognition

3 »
Problem] ;-

robl »| creativity
finding

test

A

____________________

B 2-1 £l * P E 72 foplEB31(3p Liu, 2000)

Gero(1995)3% 5 £1i¢ 4 frk ’HIHWFE FET Mok P e
e % > TL B %ﬁw—ﬁﬁiﬁ”ﬁﬁm%ﬁ &mﬂkﬂﬂ
WA 0 4 /T-‘u{ﬁ’li%?ﬁiﬁﬁ’ MR Al A AHERF PS> AR
G H A A FRrene &N BETRETRADE R FH I

Z'
* WrAk e en

—

£lig 4 (& 2 1 & 7 4% & (combination) ~ X % (mutation) ~ 5 }* (analogy) % X 3+

v

Ja 32 (first principles)(Rosenman and Gero, 1993) ¢ Cross(1997)~ 43

é—ﬁ’ﬂ'm’f’ fs f-u ’ 5 ? ¥ oAk ﬂ»\ﬁ, 4 mj\,),ér

R R
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2.3 £lig 3 AT HH (B 5o i) T

231 B HA-F kM AR o B

RPN R T A AR A e Tl s #FERFAIES TR il
B7e¢ a2 & SHEOT B G L08R A8 4 8 4 714 (Purcell and
Gero, 1998; Verstijnen et al., 1998, Goldschmidt, 1994) - @ &7 "a& A% P 2% 3%
PR ’fﬂnﬁ TR BRGHEHUDTEIR 22T RNM» + LiE-
BEEmRavgE > 2 1 Turing & 1950 #3#% Hen T 7w 2 L 428 2 | (can computer
think?)45 B 7 A P4t T A 1 9% | (artificial intelligence, A) 545 % > # & 30
L E R R EA P AR LY A B T RPLESFLY 0 AL VR
%E*ffalﬁfﬁ??,?%%f«u°‘1%}’%’ﬁt AR R e B AR ’Jv%ﬁﬂ B AR 3 E
T h 0 A A T AEY L Aomean® ik si—ig 4] 2 2 (shape grammar) ~ Foas A A#
#i(knowledge-based system) ~ & % ti(expert system) ~ #¢ 1 4§ (neural network) -
HI g4 T A KRR A S R ﬁét {7 5 % % % (Gero and Maher,
1993; Coyne et al., 1993; Saunders and Gero, 2001; Fischer, 2001) o T #* » o B 4248 3
Bt kAT P hd oY S S RE PR SH HERG AR T o

E?%%ﬁﬁﬁﬁﬂﬁ’?%ﬁ#%?ﬁéi%%ﬁ%ﬁﬁ@ﬁéiﬁ?@
v ENEEE o T E ko 3 S I A AR T R E PIRKGE B AR SRR
TR E A3 B B a0 i [4(Gero and ‘Maher, 1993; Mitchell, 1993; Gero, 1996,
2000; Boden, 1998) o o ¢ T o B G it @A e B > dosg < iF R a0 4 > e
Br B s a E o ARG T Y REFASEES - P F g ok
2z — (Boden, 1998) -

1990 & % > g MR T A LRI E G- B o D ENBART B4R
3% e ¥ i 42 (Mitchell and Malcolm, 1995) - @ ¥ 5 # 3 He B R
Fa W P AR E A d 5 2 A RT N F B 0 A H A HT R EET
# ik e B4 b (Elsas & Vergeest, 1998; Gross, 1996) - Sasada(1999):% 5 & w4 - fi5%
Mmoo AR T A BE TR > FHRRTRIARSLE

AP A > WELR I R Rt o 15 kR SR B i
PR H oo RIEF T OM-T e dsReni 4 B RE Y DR o &
FHEY B R R Y AR AR RIRAR T E K-
BRI REREK B AT Rl iz 22 203718 &R

FEEEE 0 THERFY PR S ERRERF P

=g
m-ﬂ
3«-‘;

“"_T\

— 4
o
5
>/
_3‘”-:
b
\_.
fm
ol

¥ ¢t » Elsas fr Vergeest(1998) v # & "o #f 24 &£ 4 B % si(computer aided
conceptual design, CACD) = %= 7 * iR IRERR Y R R Ik B 1 B Y
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T RS SRR R B R RE S S g A2
RELHAEANAFERLT L B S YL R ARG HEERF S A E
CEE o R TR AR @A R S % S ¥ E
T AROBEE  BRFENEE N B RRE 0 N RE T RE TR &M
B SRR A B BRI AT T A L 7 X BRI (Gross, 1996; van
Dilk, 1995; Elsas and Vergeest, 1998) -

R A PR BN 0 (L FE T R 2 FRIFT AR
BEHAZEANT L A4 oom AN H AR A 0 AR AIFT A 07 it (Liu, 2001) - @

m
LIRS QURLR TR S o O (R APV 5 U 3 LR LR
232 WiBHM I 4 g

Pett & £ 4 *aﬁwwm%ﬂ’w@%ml Kﬁ@%ﬁ&%ﬁﬁﬁﬂ
Foom Bl B LG IR FEE AT KX S A u{ﬁﬁ%@mmw,
2003) ° F B AR HH A A F A R RTEFEIN L £ F BRI LY R
PEa g R eniBAEA 4 7 e R G (Bai and Liu, 1998) @ 3K 3 4444k 2 %
B ARG E o PR H B RIR i(Bilda and Demirkan, 2003) -

Bk g B RRE 0 WA MR AR S B A P X Ko g 4 eh
Bl - 2k Y 1 H AR SR TR ket 02 59 E & 4544 (Goldschmidt, 1991;
Schon and Wiggins, 1992; Goel, 1995) > & Fjfé k #ici> 1 B chde » » 3R AR (7
PEEE T BE FEFL R MRS PR R B R U B T -
T LEFAREF KL % A1F7997 it (Chen, 2001; Manolya et al. 1998; Verstijinen
etal, 1998; Lynn, 2001) o » F]yt > 27 1t e @ Sifre i o HR B B2 7 7 4
Flm 24 o

Wong(2000) L % | 8 Sife T Haditt sk A2+ enZ B > IR N T b
BEd £ T R R F 4R AT AR - Won(001) AR R4 B L AT B B3k
PHRRE S BT e B Y 3 AT R T PE S 0 Ra T M
PR 67 s e TR (image)fr T pAe ki (seeingas)shiz 5 > ¥ 7 £
L GRE I ) ;‘Kl;fi’ R 2 B chx B o Liu and Huang(2001) R 4p 2135 3+ 15 8 s B8
AW LG LR epld A 0 DRGEH DA R EESIF LI 4 DM A T R

PRARAL ™ AR A iy L B TGRS A B IRATRE ~ B il T AR -

Chen(2001)n % 8 * T Podit tplit 4 ¢ » £ 3 i fcibplie » T "G4t it
* {%‘,’Qﬁﬁl%— B flE 0 R f A - BEIRE D R I BATD

KA o MR B AR EE 7 e £ EF ,lzécag\;/{;‘i—‘ﬁ g 1% B4



Sk | cpra

2R E B g W R AR TR A e R LR
- “35?9”'*@@ A Sy § B § @R L L FRen % oMarx(2000)
I IR B e AR R 2 ke w AR DR EL S AP EOY BB o a5 TR
FEERHF ¥ Rl - Hanna and Barber(2001)47 344 & *a 5 r&— K34 404 #3%
FERORE RIVBERG LY PERF L2 - o KA TR SrE- B
o RISk Med Baoh T RITIMA > BR L BRI TLYIIMA | s
B PRSI MR A Al e B 4§ BB i
dOHE S RGEARG A R -

A RE AR A6 Fd o Rk R R - kg s ] 3
o BN TR o A s - B WA GA R A > A E - R T
A R HR RO g f?%“°”m%”?%ﬁ¥ﬁ%i@ﬁ%’
FESEEFRFEE A PR RERELAT EH DAL NF S
e11% &-(Mitchell, 1998) - Lynn(2001)3% % 1 7 % & 444 f’ﬁ d Fod] kSR AT

PO AT AT A AR 4 kR

e Bilda fr Dem1rkan(2003)w‘€ e R TR B R H T PR
AR Hcfrd B EBT o B e i 6 4 LT &
B LEciE R G\'v ¢ BRI A) ot RO R il i i L
R A B AR G AR el iR > R R
£oE g h B > BOE R R R M SR KA R T T
o @ i * AT 0 K K F i g s Se 48 % (Goel, 1995) - P # 61T ¥y
Wer gl ¥ &4y T WA B xR Bl (draw and then modify’s principle) & #
T RBREIF L > & Syt en T B 07 5 #E % (Bilda and Demirkan,
2003) -

==

i

\_.

-3‘1%

>
4

s Thi ‘E.r

Bilda fr Demirkan(2003)=%= 7 %1 » $#34LE 7 B #F R o~ K3 mf_%
BCh s R R AENA 2 frfdil X > B AR EOY B AR A B 38
Benf 5o o BEARBI MM T AT B ARG H 3 3 L RinfrBk A
VT
RN aRzrl e

P HRPF TR B PR LT 6 AR 0 @
HECEHHER TG oy > RH f 2R RmivEn e o 2R F
@ FPinR e L oo ST A 4 B ufzﬁ—ﬂfr@:w&q—ﬁ; Wt R Al e
B s FRZZ - BE Tﬁ.—i)ﬁbx Mw_ﬁ WK E;g%ful}ﬁ’%»’éf
Pt s R L T o TR AR 4 rn#i]i’ oo

[
~
!
T
it
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#FAATR &

1

I
Sl

]

AFTAIRLLRBR T F AR Gl M S0 AIR S A2 2
Foa At A g E? X BASALR Y 5L £ 4 bk B (Purcell and Gero, 1998,
Goldschmidt, 1994) » F]pt » & f7 ¢ & 2030427 O BB AL T s
BLY o A EBTE AR OE YR AR o TG LRSI AN o A
AT RATATHIROERE BT RTEL > A THRMEEAFT R ET DG R
SRR 7w AMEF DAL A5 IR PR S A MERTE
TR - g 0 RE A Bl HE F AR BRENE RO IR ¥
WEE R A ks R g R K ”‘-*ﬂz‘ﬁrip T EE AT R - &
E IR I e & R 2 IR e o

31 Py *i2ER
Cross(1999) ¢ %+ oY ize - F 2 ke B > I T BE AR R *
3 7 iE 0 ¢ 7R EF P (interviews with designers) ~ BLZ ¥ % )7 7 (observations
and case studies)~ T # #* 7 (protocol studies)~ & J& £ 32 4 * (reflection and theorizing)
3 $%p) A (simulation trials) » H # E3LEF I - EL%’?» BEGFATor FAAT 24T
T30 FRFHIRF AL oRGFE L WO o @ EHEY AT BRRG
TE R S AR G F e Y Y 0 7RI B ARG L L B R R
AT AR AFAR PRI MAETRIZFglE 4 Mo e A
F RO T o RPEFH R TRP > 0 LY BN 4y
Hehig* o @ ¥ AR Pl 2 RU LT EH ARG L PR Tt
FEERTA ek"‘ﬁﬂ—ﬁ‘ffﬁ A2 Fenl AT P REAE T 65 T 2 FEE
O  REFTEART o W - MU LM

éﬁxﬁﬁaa?@ﬂﬂ’m~i~%1@f@w?’ﬁ#ug%§iﬂ
SR TR R 0 X SRR 4 R RS U SR A S
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SR | rasrtiia

0T R ARG BT 0 B AR LT MO A
PR P FE R T R FERPMRGFAMPA T g7 2
CRURA WL Sl S

@ UPFFEPTRPHHEF SR FIEL ARG S x s T

BRFFET B - S S R s TR W ept
o 7R EANFFRE AT R R b S @
FoRFTHEF AL AT BB R FE ARG FE
RERMPF AR A EE IS PR

=

O AWFETILE Al AR AR

B ORGKEF wp TR AR Y o AL 4 i o N
2 P E m%ﬁ%ﬁi%? HA 2 EEREE L3177 k> FRFFE
G W

M-

4 2
4 \:'1\.‘»,?' ﬂ'\)s ¢

*’”“‘f? L R KRR SRR S EisLE i
REML > Lp PR :’ﬁ@«rx AL R RS AL A
sedt o BRI it 2 R ABPRRE SR Y 0 L R 4R G il 0 - A3 C |

%
%5#?ﬁw€ﬁﬁ%m%imiw’gﬁmﬁﬁﬁﬁﬁﬁ?ﬁﬂﬁﬁiﬁw

FEYF N R B A A FEEe

;{gi&%}ﬂ@tﬁng]% 4 ,‘L‘?‘,’ » TR g fx’ffﬁ‘é‘i?‘iﬁﬁ;"rﬁffﬁ% ORGSR @ E

EHEAFFEILLEFFRABA RN CFFAT 25 > - 20 Fr gL
17 (protocol analysis) s i i ¥ Pl F FH 7 5 F- RETEE A 2 Al ET
FRrBFizBapEu G APMAER 2 LFELBF2Z ) A Fr dff
31 (Suwa and Tversky, 1997)

é””"ﬁhﬁ ’*Pi%?rriﬁﬁJﬁé?,f~%,aéa
URCED AN i I?% L ERRT - BR&RNR  EHRLALLD
a]:g_‘ » P — IE,‘)IL),L x> T L—‘;{%\J-.?qz ﬁjgp\;ﬁ‘-fﬁ—r » 1B IR N )J.{H_H A

¥J
IR EGE o ERRE R T RBA D R EARE TG o

A
o
=4
#
s
BeN]
[
o)
)
W
Dy
RS
[
i\
=
-
N
Y
|
4
=
Dy
,,m

ez e FA TR R
iﬂ?ﬁﬁﬁk—E&?Eﬁ’ﬁLﬁﬁéiﬁ’fﬁ? SF BAeR A P

FEZ o v LRIFEF - KRERODN - L RFHFT B RRG F HK
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FHE AR B2 fok 34 ehid * 5 72 (Suwa and Tversky, 1997; Won,2001) ;

T A e RS FEFRBE VRN TRITEF DL TEE -

i\4

It

32 TFAITRHES 5

CEAPTHNER PTG Y 0 ARV & 3 Ta# L4 (think-aloud protocol)
fe T # 5 w#;2 | (audio/video retrospection)izm # o H ¥ > 2 HF L4 I hinmE g
F oo - ARG R 0 B RAEL T EAES- BALE *.(Ericsson and
Simon, 1993) » pt = B * 2K 5 # a9 7+ (Gero and McNeil, 1998) ° )
AR LTI RELY B UT R OEE Y > T § A S R fr(Erlcsson
and Simon, 1993; Lloyd, 1995; Suwa and Tversky, 1997) » ® = 23X 3] > o 3% L 35 % 7y
P oa fAnArit R o LY (L-mode)frAR & 50 R #5538 (R-mode) > % ¢
PRERIfosize > A AR TR > - F AR RFER S

A TR vt ) AGERRARA T F B rRTES 4

2
2 = ;% (Suwa and Tversky, 1997; Suwa etsal,, 1998) o 82§ w;# ¥ 1132

R HR
PR A PP g 0% 5 (Won, . 2001) o 25 W T SR AR 2 AR R S R 2 18
Bieit 7o @ 22 @ sw mgd 2k 2 ﬁ S e R A g = %?ﬁ,

PUTE G w e B AL o AR KSR 5y e ,ﬁ;@ﬁic‘ s EFER LB
XRIE TP FHERF BR WY ey B AR (S 0 L M > 7 Y % -
TR R chw i p RN EGER F w FRE 0 8 F R P HEE R
- AR YT R B 2R RSP A P (Suwa and Tversky,

- HE R RER T2 v F A FL AT DR P RE 0 L A 1Y
Smmﬁﬂ&aﬁﬁﬁsﬁwwﬁirﬁﬁﬁm%,Lmﬁm?ﬁﬁ%ﬁwmm
¥ ehiT 5 ¢ ek 5 B (Dorst & Dijkhuis, 1995; Suwa et al., 1998) » F] 4t » * 5= 3
F# r%ap:,g\ﬁ,- |—E _E] @ﬂ;m;z\J it % agﬁgﬂ—s PEID ‘;*E)r‘ 'L‘!zsb;»aﬂ Ao B

LRIFHL TRy > #3588 09 0 £ sz 2
ke ﬁxﬁﬁ TR TRFTEREL > LR UKRIERY
PR TR KPR TR 5 kramr RE KER -

=

Haas P”i&

33 REFHAAH

A%
P

TR 1L LS DR L e L 2

PR ERIFEE ARV R FRBBLWAE AR L 2

4_ Y
= Z_
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ek

LR
331 g% P h

ﬁ%ip*pﬁ;ﬁﬁ%@@@ﬁ&a@ﬁﬁx@%@@ﬁﬁ&ﬁ—ﬂﬁ&
SHRBREAE Y BARERI AR BT o T BRI RIRR
bamgfk&ﬁ@ﬁ’wuﬁﬁam@mpk&@%@ L T e R
Frig * e R Tadtt AR A X RIS R L TR TR 0 Tl AT R
P w R RF AR -l TR o BREH S R e
;J,@wﬁ%%ﬁ:ﬁ—gérﬁﬁz F%%*@N# Wit
FRBRHF AR T T RHHDRET > S B FME TR 2R

FIR LY AR T S L 1 4 -

Wi

4
uf]
A

332 R |T

d vl 4 L d 32 T4 4 (divergent thinking)2 T B acit 4
(convergent thinking) (Guildford 1962) » ﬁ.l i LY R RAp e Bl LY g
¢ BRAGE TR AR G DT TR A p A Eﬂf-&“}’? Rl g
ool T P i F S F A e 2 A R 2 VA 7 PRSI LT 375072 F F o
EP oS PARARERE CERBE SR R R A F Y EH
émﬁﬁp%ﬁiﬁﬂvﬁm{?m%ﬁ@ﬁﬁﬁﬁﬁﬁ@”&yﬁﬂGMﬁm,
1962) - # ¥ i+ gl B g SR * o8 g4 i /2 | (brainstorming) >
- FEA LR N > JEE A £ 7 2 (Osborn, 1963) o @ Fact A d Bl
$ 2]  eh % (critical thinking) » 5 HEF A FF > 247> TR F P2 T
LY FE S AP FE - PRALSIEREFENARAS F2 LY ER
(Guildford, 1962) -

d R F S E s +E@#§si§§$1 Pz % @G % ap
HEX L A E i * 2 Ff’ﬁ—ﬁﬁ&“ﬁ 2 F S FI R AR T
ERYORMEFE BA O LR AL Y R ERFERY R LAl IR EALT
AL ooom boaf *ﬂ‘"’;\fﬂii%ﬁf%{ﬂﬁ.f’ EESE I S hh S FO e Ul A = )
FH LA oy R PER > 8 3 ETR H A S AR e L T Pp F o %"Jr*’?%ﬁv}
FRRY 2 BRI R TT > RIIF B L ELIES 2T
a ok oo s Flp oo ML FKFE i{i‘i?'}—'ﬁﬁi iR EF I B fi.%izr'FF-
Osborn(1963)#7 /1 Gz en T g4 geifli2 | — > F 4 i e B p - EER S o
PEEHER T AR RE L FEHEY RS |2 ke M A SRX RIF e 7 o
FREAEL

B PR L A

NN
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% ll'L ’ﬂ\ﬁ%E )P—)‘L/AFliJﬁ ré,'_l—

K 2 mAET R HT

& x/?]"ﬁ SR E AR o d MERER AL AR IARE A A RS 2 A
4 E e SR o fRE TR R (B 58, 1993) 0 LA A G PAK R
m{\‘ﬁ PP HRRER T R B A MEE RS AR T R R ER
oI FHEMTRY OFRT o LA o A=A Y LS K

AT S I DR FRTES TR S

T2 TRz

%

IAATEN AP SRR RIH G LY é&“@ﬂim?%&%%iﬁi%ﬁa
Bl (B RBt B/ B R 2 ) q‘ﬁtﬁ&? N e TR TR gy
REAEAIR 2 F A (REFFRNASEFESN O EERERE R 0 F
# %0 LOGO 2 3 i A7 feip A g R T HEREE L4 LR EHER
Hjper PR A S ARG R TR ARSBLFESL A HI Y
BoBRNA R XRFE2Z)% o AR RAED B  E R
B R T o g LR R SRPAI R R -

d”*pmbﬁﬁﬁ*lkﬁﬁﬁ”&J%JL%ﬁ

FH TR K3 £ SN e S ﬂﬁ“’i\?ﬁé}%iﬁiﬁﬂiﬁ
R TR AL D K RERR FM AR o AR T R M
L Goel(1995)¥-F Bl a2 fid = BHREXRINY - Bigark T
# % (lateral transformation) » 32 2 d7=TFH B 5] { w8 K - ehd- B i ¥ (vertical
transformation) -k < el % 1 R 24 F = F (unstructured) 3B I AR
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1993; van Someren et al., 1994; Cross et al., 1996) » @ Dorst = Dijkhuis(1995)#-t %
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4.1.2 Ykl TE

AR i BB i AL d Suwa A B 1998 &3 = 5 2 {530 2000 £ 2
:z(Suwa et al., 2000) » #* % L H 5 VB ERFERAP R T I RPN F oV E T B
BBk =t 0 A W 5 BT m(physmal) R “rii(perceptual) ~ % it (functional)
fox & h(conceptual)® b > & L 5 TR B o K I SAB kS (the design
content-oriented coding scheme, DCOCS)(Maher & Tang, 2003; Gero & Tang, 2001;
Tang, 1997, 2003; Tang & Gero, 2001, 2002) o d t b k ke A 44t A%tz £

TR oA AL A M B R RS R N RRR TR TN EH

Hmﬁim&mm;”ﬁtu Fedl g o IR Sk ki o

# 1% 69 (Physical) /& &
VAR R A
&)
“I‘T %u ,IT A ‘r
BR %0 69 (Percptual) & =k
PSSO e ST e TR
............................................. "_ R
# fie 69(Functional )& %
kR A
D]
Who it B vy
14 4 #)(Conceptual )& =k

B 4-2 DCOCS i ik =

DCOCS 1% - Biusvk = 5 (el = o Agpfosh 3067 5 2 &to M i s
B0 S HEEH FRHE R MBS T HZ B AR ek R AR R R M
SEUCRE RN S ”WL% By iAo % B ¥ fc(visuo-spatial features) - % = 3 #8 it
S G IR B T et - o A fod JPRA 4 M
Yo Hw iAo BILNP A RPEARL T EA LIP AT REE
e SEFA Y RBEE ST BIA P 2
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WEARY - BREATE > 4 - E¥roirES s Fikdpize BEIA W
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fook bt B oenT 0 Bt A MR b aeiE B %]fr&rf” 22020 W 7\‘:’»
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B0 B B anaE 0 6 v FRA LI R PTR AR T b B
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@ DCOCS e I v | #;—1 E - BRI - XREELOF L o e
EA G b (TR = ch- % B  instances ,T* L q - BEEg 4 Fp
5 (Teh s B Ao s 5 o 4 b aL;rm%%F;ﬁ%ngﬁﬁ%ﬁ
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REd vt - BAS BN 42 ErFREL oA wﬁ@ﬁﬁﬁ
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2. R Avenk =
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(B) R~ EF L5 i ® AR fos B M Gasm > & LMt o 6 dnfdh o 4o
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4. PRk =

Y BAEIMATE T AT/ AT TAARELETE Rk
IR A2 AT Ao M0 A B 44 Suwa £ 4 (2000)4 ¥ P HE3% % (set-up of goals)
HEAATIEZ RN 0 RITE AT AR Tt o TR P IRR TNTE 4L G
47 (4 4-6) :

(1) 253 - (type 1) » et %77 @ 974% 2 RTeiflan o o X & S B3 447 ¢

® 5 - H(type 1.1)5 FIL AP “7& Ka &4 fﬁ%ﬁrﬁwg ho LR ¢ R Re f

BBl B LA FI A A Y e AP R BBt AE e
® 5= Hf(type 12) 5 R H AL ¥ F At L AT AT R G A A
2Pt NAF LSRRG L SRR E RRL XY F AT %

TR AR AL R o A AR RIF A L and Raeia ko Fobo A
FLE Skl 2o B et M e 2 - 1[;;51;55 R ;]‘;-ugdq_ BB L -
B 5 o] KR 0 Flt o type 1.2 shp HRkiRs 3T i AF S AW e g Rl
AL Flpfeped m & o

® % = fi(type 1.3) 5 A BB R L @Y ML S A MSA L H 2
ool AL R Wl o g LA 4 - R hiE o S RAEF
BAjen7 g = > B E B0 CRALT OME > AR B~ HA P
TR g

® 5w fi(type 1.4) 5 Al — BATEOH > A gL AR A SRR B KK
FREF AL FREPREFTH S AL LT IR NREDD F2 B F
POER NSRS L R ARG R R v TR FOR AR e R R I Tk

AR 0 ALRA T &G - L g RIRE AT

)

hpas)

=
o

(2) #FA) = (type2): 24t PEA X BRI R 2 34 o {30 AT ] h¥hig & 5 R
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FPRE > @ BUEJE R R o

p
™
kN
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=

(3) B3I = (type3)» 5 #= F chig AL E - B0 R B F XWP 5 ek i
TR ATOPES S H e SRR - BIMARTAMDETE o ¥
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4) s Al (typed)> 5 EHh2 v NMENP EFE o W2 wHHED o L ik
Gl R T L AR FPEA S R AT X e AT R
fr;i%ﬁ °

% 4-6 PEA KA A5

A KE | Fo it
A - (type 1) Gl BE A 2T i
Gl-1 Fla AP TR KA A4 T
G1-2 B E At R A AT A0 E boE A
4 ap &

Gl1-3 AT P R
G1-4 flid - BATESR > kT BB S A p

53 (type2) G2 e g X R Ol AR 2 34
57 = (type 3) G3 M G oiEE ARG - B R
B e (typed) G4 Lhew HMEDD ARG S

4.1.3 %4 ¥ (conceptual dependency) sz & ./

My & 245 o A 2_Suwa o Tversky(1997) ¥4 3% - Azl B m k> 1
TE WO 4oe Fl oo e A B A Ry 21T e = AFRa ko

(dﬂ

() prerienped p IR L D nprd p o % o
(2) # P28 P ARAHR PR § fo kB D 870 SR B AR -

(3) w % t(zmztfﬂ’\é+«

‘“1

R e A k o

ot nEE > PR BF KRB F3F 5 - - maud Y
# > Suwa {r Tversky(1997)#-# - e 2 — B [ % #f 7% & | (dependency chunk) > @
%?*E%—%%@’ﬂéﬁﬂwm%@W$—%%bﬁﬁ’@ﬁér%im%
5 (isolated segments) » — B & dF e & N & - R FAPM R Y 0 B RS
p a—a—-l[ﬂ;ﬁ,é“’ﬁ‘frwmmﬂ PF{,@ » 4Bl 4-4 -
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R T R SN

e rh o Ut A A e W it e G AT RE B e o R 44 (dependency links)
FREEF o REITOM AL F LS ERK - F - BRFDEEPE - B

e felbz andte o R AR RIY R fow - BETO ML S e g g A
(AEEE - E 2Ly % en¥r 51 | (focus-shift segment) » % B ¥ % ¢ B, @ A
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%ﬁﬁﬁ%i’a§Mﬁ@§ﬁﬁ%ﬁ¥?ﬁ£wiﬁﬁf\*’Fﬂ’£Wﬁ
T A LEAUTRPFOR T A RE TR PG - B REL D
%WW?’ﬁMﬁbb{ﬁm#@wj@ﬁﬂ% TR o Flgt s B A 474 o

e

AATEAFIR G - ARF RBn (T b A4 B L R
Ay BTILER Y 2 =X Yok A2 B (Gero amd McNeill, 1998) » = =% %48 crips B B I 10

AW Z BV HEHES YA X RBEE DI R ke EATHRBE TR o

fo- BT Te ZNE G- BREFSRGLE FP T A Ee 3 - i
A5 2 - BA=?S T2 EF - B THI (instances) > F] > St PF o 4

ARG AT RSEGTFE A A > TN 0 U g5

42 %ol % B A 45

T A RET R TR TR BB LB R AT RT R
2Bt AR R R LD o feR - PR hERRER H Y S
) F & 7 HET O gl i s DCOCS S % et i 1 & PR A P LR %

s> [ S
E ~ T o Lo

v

Jir

4218 B % 8231

& BTN R r‘]ﬂ\r']p)‘/?] ,&ﬁm"t%"* »j}{t/zmﬁﬁ' ;ﬁﬂﬁﬁ»'ﬁﬁ'@
YR o A ST WA A e Hdt R R - BREA B S HEprs HR

TR R o

F 47 Z [ BT B % 2 gt
g g kS Yo i
(%) (%) (/- & 3 ®)
B - (B REH) 125 10 12.5
B (T L) 111 9 12.3
Bk 137 8 17.1
L RER R S R 72 65 9 8.1

BEP RS AU DA N R Ao Y TR L R BT
- BEROES L 1250123 B L E AL R Lo AT hR Rl
CRITio- BHEF 171 Birs > B9 ABAREHIAnira G 9 B o T kit
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4.2.2 DCOCS %% %% Bt

EDGES%%%%%ia’ﬁi’ﬁﬁ%ﬁé&w%%ﬁiﬁ4»&,kf
TR ok P RFEHZ 2P 2 b i B0 ik 2 k28 g hiE
RN b 8 F SN L TN R s o P U A R e g TR LE

1. % M= | (instances)™ @

A

Z g e Brnirkmire za iR kB AR MELL T BR

bt o R

1 4-8

’_‘3» =z A
= )\.3' p:\é’r‘?)é] =X BT

Wi

e

Y

MmAA49 L EH T - BREATE, e Fen TR | 2 52 T 884 4-8
xf'lingt‘;é‘_é' BT o > T rEicE 85 7 3 QR ed shaiicE M
B ¥ FRZPMET RS X R P A R T Tl o B K=
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% 48 = P ke BiuAok g% 2 st
# A &% (instances)# &
- & 5= Fez  (B%R/F %)

B iF ek =t 385 227 436 (228/208)

44% 36% 44% (43% / 46%)
R Aok = 218 190 243 (121/122)

25% 30% 25% (23% / 27%)
W k= 129 94 134 (91/43)

15% 15% 14% (17% / 10%)
P& Pk =X 144 120 170  (89/81)

16% 19% 17% (17% / 18%)
N 876 631 983 (529/454)

49 Z e f kT io- BB Bk RSt

| T 3a- i3 ¥ Bl % (instances)#ic §

5 s & B - Bz (BR/T)
B ey =x 38.5 25.2 54.5 (28.5/29.7)
R ek =& 21.8 21:1 304 (15.1/17.4)
i ek = 12:9 10.4 16.8 (11.4/6.1)
PLEL R = 144 13.3 21.3 (11.1/11.6)
KRS 87.6 70.0 122.9 (66.1/64.9)
B T e o 7.0 5.7 7.2

o iE e ek T BB Y R )T&(reﬂectlon -in-action) 773k 3L iE AR 0 @
Wi ok T B g 1‘“55.6’ PEARDOT M RIE e A 48 T I
FEREENEHY F pNF LRSS 0 FHET T0%0 b dpitE T 0 RE A =
T ASL AT AR R b PIRAT A EFLF R e R TS T
AR R T d M RRRTR PR EARARE Bk Az B M anT
PERFERAIET S I PPl ot g FREAAIS LPER LT A
T R PR R e g 7 5 0 B ST S e i

AR S R

BARE B ARG 6 0 2 e R KRB L RP DL AF e
Bak=6 > F @7 I BARH O o%h- foR sz b it b g
BooApdi o § R A EE o KA RS R kG o Y G AEH T Y RE K
S L AR ““*fﬁi”““’ﬁgﬁd*ﬁpﬂﬁmﬁ% A2
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% 4-10 = 29 2% d ivag A 8 % 2 5t

D-instances 7% (instances) #ic &
BB - Bz (BT

Dc 188 53 185 (158/27)
48.8% 23.4% 42.4%

Dsy 51 26 23 (17/6)
13.3% 11.5% 5.3%

Dwo 14 0 8 (8/0)
3.6% 0.0% 1.8%

P 65.7% 34.9% 49.5%

Drf 126 130 157 (45/112)
32.7% 57.7% 36.0%

Dts 2 17 61 (0/61)
0.5% 7.5% 14.0%

Dtd 4 0 2 (0/2)
1.0% 0.0% 0.5%

[l R k! 34.2% 65.2% 50.5%

KNS 385 227 436 (228 /208)

Std. Deyv. 19.9 21.8 18.1
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% 4-11 = 2 SR wig ) 8 % 2 st
i’; P-instances % (instances) #c £
LF
P - R = Bz (BT R)
Pfn 76 46 52 (38/14)
AR 34.9% 24.2% 21.4%
£ Pip 18 16 21 (12/9)
% 8.3% 8.4% 8.6%
#  Pfo 27 52 36 (16/20)
12.4% 27.4% 14.8%
Pm 54 16 58  (28/30)
T 24.8% 8.4% 23.9%
B Prp 29 23 34 (14/20)
E=3 13.3% 12.1% 14.0%
#c  Por 5 31 32 (4/28)
2.3% 16.3% 13.2%
~  Psg 6 5 10 (9/1)
e 2.8% 2.6% 4.1%
1 Posg 3 1 0 (0/0)
58 1.4% 0.5% 0.0%
IR
N 218 190 243 (121/122)
Std. Dev. 11.9 9:6 8.1
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% 04-12 = B s a AR % 2 Bt

% F-instances % (instances) # £
F k- F k= Bz (BT
Fn 72 38 45 (158/27)
55.8% 40.4% 33.6%
n  Fre-i 40 35 40 (43/110)
;;, 31.0% 37.2% 29.9%
.. Fo 7 15 27 (17/6)
#r 5.4% 16.0% 20.1%
Fi 0 0 0 (8/0)
0.0% 0.0% 0.0%
. Fnp 9 6 21 (0/61)
f; 7.0% 6.4% 15.7%
.. Fop 1 0 1 (0/2)
*F 0.8% 0.0% 0.7%
ke 129 94 134 (91/43)
Std. Dev. 22.3 18.2 14.2
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3. L3p ¥ e IR (unexpected discoveries) ™ &

Schon ¥ Wiggins(1992):% 5 23R cnif ALK - g W WP &7 74
T A4 - BRFARIL BRSO T HHAFHYFRDOFE I L ERELB
PAez BM Gondfe FRs ¢ 5 BERTERIcT MM G2 25 a1 ko
PEL © ¥ — 7 % > Goldschmidt(1994) ¥t 23 ez e 5 8 > B 3053 2
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% 4-13 = =9 Bz Pfp ~ Prg ~ Psg % % 2 i3t

P-instances 7= (instances) ¥ &
2 - F o= Bz (BA/T%)
Pfp 8.3% 8.4% 8.6%
Prp 13.3% 12.1% 14.0%
Psg 2.8% 2.6% 4.1%
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4. A P &3k T(set-up of goals) =g > &

204-14 52 RSk aRAR TP 0 £ B R AP L0 BRBY
He r S A Al 7 S 2 B Pl % o

%0414 = 0B BPEA AL S 2 Bt
G-instances &2 (instances) # £
R - B %= Pz (BT %)
Gl
Gl-1 10 1 11 (3/8)
6.9% 0.8% 6.5%
Gl1-2 22 15 9 (9/0)
15.3% 12.5% 5.3%
Gl1-3 48 33 47 (22/25)
33.3% 27.5% 27.6%
Gl1-4 9 6 9 (1/2)
6.3% 5.0% 5.3%
G2 19 27 57 (33/24)
13.2% 22.5% 33.5%
G3 10 19 16 (9/7)
6.9% 15.8% 9.4%
G4 26 19 21 (6/15)
18.1% 25.8% 12.4%
hvibeel 68.1% 67.5% 71.7%
ks 114 120 170 (89/81)
Std. Dev. 9.6 9.3 11.5
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4.2.3 x4 kg (conceptual dependency) e & £ 34

#5557 %) 85 0 HcB
R - R = BEZ (BT %)
£ 3L 45 el 83 54 87 (48/39)
v 66.4% 48.6% 63.5% (55.2% / 44.8%)
b8 =gl 42 57 50  (24/26)
33.6% 51.4% 36.5% (48% / 52%)
4a s 97 106 123
- B3 BT hs i 9.7 11.8 15.4
Bageng & 23 19 36 (19/17)
B el e 60 35 51 (29/22)

B4 3718 enih R o Bt ENR g R P BB it e > B 8T S
R B AL KRR R A B AR 0 Bl f B B
T FRAAFABEUR L E LR AR LR AL T EERINET 5
2o R TrRBA R gAY - Bl Rl BN i 2 18
E D FRaL T T ¢ A st o G RF gt 6o A gt 5 % {o Won(2001)
e TR ﬁﬁhé@ﬁ%w%’“mlméa:,q%*?wﬁﬁmﬁﬁ’é? K

)_L% AH—’"’K r‘rjj E g Ll ]% B Lg ‘k—]——*al ?:ﬁi 54 m/—— )E; °

RS FEAH PR R 0 T I A e T RS
80 il FBT O Gl g AR - RS LT S AT 0 B fReEH i
PoRBELET G 2 5 A SRR T REY A At et

WAoo F 1 o Ap 3 BB BT Ap it en .

¥obo e doow %@FE#B_F M a2l » FHR=ZPREANFTHR- o7 %
Z o mARE A TR BN %ﬁw@ﬂ’mém@$?%im@ﬁ%ﬁ&
S N ;ﬁ;i;&{@;.l z ‘5"F§]m’b'% s Atz w e A A # e -

A

=+
“’%”6ﬁ%ﬁ*ﬁ$i@iﬁwgé
FETREERL A R 0 A F R R A AL 3 SR

3
%
b
!
y
\3;
_FJ
B
fm
<l
A
o

(=)
™
H

57



o
4
s
3

-g;\}.
1%
B
ﬂ‘\‘:‘

ARREPETEHAL L P DITITDR R RS ST LR GG
PR HEA S5 R RSB HA R K BB A R
HHAR K DARBAATRERIR ST H TR 2 (SHmT LN
LI RN P ?L" Liigifpg?}g S % oo

5.1 &

-§$

FE AT

TP AL RN PR S B TR EAR ) fr TR B R
%’_‘_Lu.,/s .

® it

Fo o~ BAfelRSEH T > SRBEAF L HE o Fe w4 gL
HRZAG o BER 2L BE S X FRFR Y B A e g K
PARAHEY  AASES FHHLBE . ARG AARPE S
4od B @mﬂﬁﬁﬁiﬁ%;%m@%%&mﬁﬁ”@ﬁ%JHW Bi7i2
PR TS o TR i A o R B R G 51

§E R R il 4§ HEH IR e o 2 R % A
BHMEHE- BATRI L L ERFEG S BEFEM T g
tm 242 LA P AR i € R R
oA EFERIAT LT A -

Foo bR gHERERY  RATSRPAR S BRI o R
PR AR Y - B g EATHARAL T R ALY
Arengit o AFNITHPRAS N FY o h- BERLY 3 RIDLTH
His g o HUTEE G RAFRNLT > A G RUFE TR o 4 7}“{;’“ ,
B frBci it b T R B - WA €7 RFESLY AR LY
REHEME S RSB HREFL > DRI H I R F TR

3
%

58



Ar2l e 3o
. ];"_ﬂ\: .,‘pg? ™

*1
m

Bl L TWS L8 T M oA S 3 i - d
R AR E X RIE B RER AR SR B RS
ORI 0 2 TS R RS PR XA SR TR F
RS A M EE N W AR A AR Y B TR
WA R E N LY o H AR PR BRI BT RIS A
SV R MUERCEPRE 0 2 L ORI REOTARE T REMNE
m%%oﬁ@&ﬁ&&%ﬁii@%%kﬁi%&ﬁﬁ%ﬁ%ﬁi&ﬁ*
ﬁﬁ%?ﬁ@iﬁﬁﬁ’ﬁﬁﬁﬁiﬁﬁﬁkkﬁ e 2R ke 2 d

W2 RBOE RG22 VIR TS I DT REELE S
B2 b B HESEROF L F PR s N0 Ry - B arr b
FRAOLLHER - Ra o LT RS TR At g o
SUEFE TR ED .

MBI LB C FEH DR B IRS R A B 4 R
SILR 2 ER e M S R AR 0 @ R R A BT A AR L H ek R
Z
4

l’%
Bk o 3 IR BREL SRR BE LB LSRR By o q

B Er R g I L TR HARK S R T e T o A5
dork ki A MY AP AR L s o AET RS L g

oo

5.2 F 3 "L

Blig 4 gy - B kB RS AR AT > RA P S v E G AR A
FEE R > & - Rl g Rl v R AR afEg o - E
A Do HEuE o d N R B4 HAIR S L OTELA o B
WA g 4 Py A H RS T Al 4 B W AR
aipzf)iﬁp”&%&#ﬁﬁﬁﬁﬂ’—Qﬁiaiﬁﬁﬁ&&m &%

W
TR deXRF O R BB RA oL 2 LREE 4 T A
PR H R Y 2 Ba e REFE AR FF OV R TR L

s G j\/};ﬁgz g2 -

Fobo AFBREPINE o AT R FENEER Y KR L34 b B

59



BRI EWE FBE - & AREBRFERICL § 6 v a5k 418 5

oS hRE A EC G SRR RN ER- ERRFEF o LR

P oA i R E R RBHAB LB ARG RS PR

7%3?%%%§¢£’%ﬁ?$’ D BRI AR T 2 LR > AT
{S%ad Y3 erRAFT RSO R{%R -

“%

MR REAAIND 0 FIRG A 2 B ok (T > € 5 TRIEE Y e
Bl TR > PR LR SRR PHRT LRI HA R
R E R Al 2 d N AFREFY R B R R el
RYBELZRR S a2 @R HE - LB LY A AL EE - T
Lo Ak R AR HE RO IR B E iR N F b AR T T
F12 o FAXREERRS SR o g FRE G TR L F P T

fgj— s 1Y «fn“;:r ;L" HRE {7 o

=l

M ER Ml H IR > R e AR BV 0 5 ° S KA IFR Fr- AT
e P T SR I - e At B %t"*okﬁm’%ﬁi\?ﬂ%j
GLH N T b 2 o i Sl R 95 g A e 2 A i ﬁugzmw
fe B e EAZ LY D wanEE { ;’v’%{%—‘ﬁ EE*F {ERIR DB R
R R AR R i F R - AT T N a?{@w ¥
ﬂ%a?ﬂﬁf“WﬁP’aa@%muﬁ%%?@ﬁﬁi%ﬁﬁﬁijuwﬁﬁ’5
5

ETIR

3R AARTHMOT B AR Y R Rl 4 PR > £ A SRR TIAL §
ﬂﬂ%ﬁﬁé’Eﬁﬁﬁ&&%ﬁi?%ﬁﬁﬁﬁﬂﬁ’r V- FE T 7
i”@%ﬂﬁgﬂ@%’ﬁgﬂﬂ%ﬁéi’*ﬁé FlEATF TR
xﬁ_?-&rlb PR T RED AR A AR A e - ;ﬁg‘ab}@’# IV g 5N o

Flat o A S IR C BT PR Y NI IR eniBas 0 L flig
FECE R R FT AL S 5N 0 S N R R R T ek P A A2 2t
PR ooa A E A SRFF Y RE Rt Py R EFEEER M 2
F2 88 BAREAH TR e L3 R A FIE R
FRARGLY N E L FY R ORE DL HRHAFT R RN
gﬁg%f@°£“*’£w“#@%ﬁ$%’a%@wﬁéﬁaﬁwa%w%ﬁ&%
F RGP DHATE R0 £ A BRL R RRER R o LA R Al



LR R TR STICE I S ) SR S E
H

i3
PRE LR B R S H A S e £ 5 2 BR o F LA
BRI SER AP NS KL GPMART C A R
A RT R PR R R LT 0 SR E R T - BATOL Y

oo

54 AR 2EHk

AT TR AT EARY o BN BRI i Y M A KRR
LIRSS E R T é«f&*%& g R 0 3 T RE ) ARFREHT LT B
MA@ R L 4 3 P REEF UF O s dodt i R G S Al
P2 MG (8- Hhen Jﬁ’ir”i?é BAKGAIIEL o LA TE R T o

Y0797 N kS AFE Y A& §_% % Suwa, Purcell, and Gero(1998)
EPpBE P AT L e A iR I kg A OE R R E LA e A B
BFFRT?  FERASGT MDA Y > AR AEAS B A FE
M- B R LS A B P R AR frpl R et o

P eF DR IR PR AR A L B kALY o R
MR REL ;5 A P HIT MG P R R R e TR
AL RE BT R AR K%@i%ﬁ&m P fed B oA
BT SMAR o 2 T TR & Y TR AL S s o e
w@%*a?%?%%WJ’ﬂ&f@@@ﬁﬁw%@o



A

\\\?{.r

5 /]§J<
Anderson, J. R.: 1990, The adaptive character of thought. Hillsdale, NJ: Erlbaum.

Akin, O.: 1978, ‘How do architects design?’ in Unknown Latombe (ed.), Artificial Intelligence and
Pattern Recognition in Computer Aided Design, North Holland Publishing Company, IFIP.

Akin, O.: 1993, Architects’ reasoning with structures and functions, Environment and Planning B:
Planning and Design Vol. 20, pp. 273-294.

Amabile, T. M.: 1983, The social psychology of creativity. New York: Springer-Verlag.
Amabile, T. M.: 1996, Creativity in context. Boulder, CO: Westview.

Atwood , M. E., McCain, K. W. and Williams, J. C.: 2002, How does the design community think about
design?, Proceedings of the conference on Designing interactive systems: processes, practices,
methods, and techniques, London, England, pp. 125-132.

Bai, R. Y. and Liu, Y. T. 1998. Toward a computerized procedure for visual analysis and assessment.
CAADRIA ’98: 67-76.

Barron, F.: 1968, Creativity and personal freedom. New York: Van Nostrand.
Barron, F.: 1969, Creative person and creative process. New York: Holt, Rinehart, & Winston.

Bilda Z. and Demirkan H.: 2003, An insight on designers’ sketching activities in traditional versus digital
media, Design Studies, Vol. 24, No. 1.

Boden, M. A.: 1991, The Creative Mind, Myths and Mechanisms, Wiedenfeld and Nicholson, London.
Boden, M. A.: 1998, Creativity and artificial intelligence, Artificial Intelligence 103, pp. 347-356.

Chen, C. S.: 1990, Cognitive processes in architectural design problem solving, Design Studies, Vol. 11
No. 2, pp. 60-80.

Chen, S. C.: 2001, The Role of Design |Creativity in:Computer Media, the 19th eCAADe conference,
Helsinki, Finland.

Coyne, R. D., Newton, S., and Sudweeks, E.: 1993, A connectionist view of creative design reasoning. In
Gero, J. S.and Maher, M. L. (Eds.), Modelling- creativity and knowledge-based creative design:
177-209. Hillsdale, NJ: Erlbaum+Press:

Cross, N.: 1989, Engineering design methods, Strategies for Product Design, Chichester.
Cross, N.: 1996, Natural intelligence in design, Design Studies, 20, pp.25-39.

Cross, N.: 1997, Descriptive models of creative design: application to an example, Design Study 18, pp.
427-455.

Cross, N.: 1999, Natural intelligence in design, Design Studies, 20, pp.25-39.
Cross, N., Christiaans, H., and Dorst, K(eds): 1996, Analysing Design Activity, Chichester: John Wiley.

Csikszentmihalyi, M.: 1996, “Creativity: flow and the psychology of discovery and invention,” New York:
HarperCollins, 1996.

Csikszentmihalyi, M.:1988a, Motivation and creativity: Toward a synthesis of structural and energistic
approaches to cognition. New Ideas in Psychology, 6, 159-176.

Csikszentmihalyi, M.: 1988b, Society, Culture, and Person: A systems view of creativity, in Sternberg R. J.
(ed.), The Nature of Creativity, Cambridge University Press, Cambridge, pp. 325-339.

Dorst, K. and Cross, N.: 2001, "Creativity in the design process co-evolution of problem-solution" Design
Studies, pp. 425-437.

Dorst, K. and J. Dijkhuis: 1995, Comparing paradigms for describing design activity, Design Studies 16
(2), pp. 261-274.

Eastman, C. M.: 1970, On the analysis of intuitive design processes. In Moore, G. T. (ed.) Emerging
methods in environmental design and planning MIT press, Cambridge MA, pp. 21-37.

Edwards, B.: 1986, Drawing on the Artist Within, J.P. Tarcher, Los Angeles.

Einstein, A. and Infeld, L.: 1938, The Evolution of Physics: the growth of ideas from early concepts to
relativity and quanta, Simon and Schuster Press, New York.



A

Ericsson, K. A. and Simon, H. A.: 1993, Protocol analysis: verbal reports as data(revised edn), MIT Press,
Cambridge.

Elsas van, P. A. and Vergeest, J. S. M.: 1998, New functionality for computer aided conceptual design: the
displacement feature, Design Studies, Vol. 19, No. 1, pp. 81-102.

Finke, R. A., Ward, T. M. and Smith, S. M.: 1992, Creative cognition: Theory, research, and applications,
Cambridge, MIT Press, MA.

Fischer, G.: 2001, External and shareable artifacts as opportunities for social creativity in communities of
interest. In Proceedings of Modeling cognitive strategies in creative design V: 67-90.

Freud, S.: 1912(1959), A note on the unconscious in psycho-analysis, In E. Jones (ed.), Collected papers,
Basic Books, Vol. 4, pp. 22-29, New York. (Original work published 1912)

Freud, S.: 1910(1964), Leonardo da Vinci and a memory of his childhood (Tyson A., Trans.), Norton ,
New York. (Original work published 1910)

Gardner, H.: 1993, Creating minds. New York: Basic.
Gardner, H.: 1998. Frames of Mind. New York, Basic Books and HarperCollins Publisher Inc.

Getzels, J. W.: 1964, Creative thinking, problem-solving, and instruction, In Theories of learning and
instruction, ed. E. R. Hilgard, University of Chicago Press, pp. 240-67. Chicago, IL.

Getzels, J. W. and Csikszentmihalyi, M.: 1976, The Creative Vision: A Longitudinal Study of Problem
Finding in Art, John Wiley & Sons, New York.

Gero, J. S.: 1995, Computer and creative design, CAADFuture, Australia.

Gero, J. S.: 1996, Creativity emergence and evolution in design, Knowledge-Based System 9, pp.
435-448.

Gero, J. S.: 2000, Computational models: of ‘innovative and creative design processes, Technological
Forecasting and Social Change 64,7:183-196.

Gero, J. S. and Maher, M. L. (eds): 1993, Modeling: Creativity and Knowledge-BasedCreative Design,
Lawrence Erlbaum, Hillsdale, NJ.

Gero, J. S. and McNeill, T.: 1998, An approach'to the analysis of design protocols, Design Studies, Vol.
19, No. 1, pp. 21-61.

Gero J. and Tang H. H.: 2001, Differénces between. retrospective and concurrent protocols in revealing
the process-oriented aspects of the designiprocess. Design Studies, vol. 21(3), pp. 283-295.

Goel V.: 1995, Sketches of Thought, MIT Press, Cambridge, MA.

Goldschmidt, G.: 1991, The dialectics of sketching, Creativity Research Journal, Vol. 4, No. 2, pp.
123-143.

Goldschmidt, G. 1992. Serial sketching: visual problem solving in designing. Cybernetics and System: An
International Journal, 23: 191-219.

Goldschmidt, G.: 1994, On visual design thinking: the vis kids of architecture, Design Studies, 15(2), pp.
158-174.

Gough, H. G.: 1979, A creativity scale for the Adjective Check List. Journal of Personality and Social
Psychology, 37, 1398-1405.

Gross, M. D.: 1996, The electronic Cocktail napkin-a computational environment for working with design
diagrams, Design Studies 17 (1), pp. 53-69.

Guildford, J.P.: 1962, Factors that Hinder Creativity. Teachers College Record, 63, 380-392.
Guilford, J. P. 1968. Intelligence, creativity, and their educational implications. San Diego: Knapp.

Hanna, R. and Barber, T.: 2001, An inquiry into computers in design: attitudes before—attitudes after,
Design Studies, 22(3), 255-281.

Herbert, D. M.: 1988, Study drawings in architectural design: their properties as a graphic medium,
Journal of Architectural Edutcation, 41(2), 26-38.

Jones, J. C. (ed.): 1992, Design methods, VNR, New York.

Kavakli, M., Scrivener, S. A. R., and Ball, L. J.: 1998, Structure in idea sketching behaviour. Design
studies, 19(4): 485-517.



A

Kim, S. H.: 1990, Essence of Creativity, Oxford University Press, New York.

Krauss, R. I. and Myer, R.M.: 1970, Design: a case history, In Moore, G. T. (ed.), Emerging methods in
environmental design and planning MIT Press, Cambridge MA, pp. 11-20.

Lawson, B.: 1979, Cognitive strategies in architectural design. Ergonomics, 22(1): 59-68.
Liu, Y. T.: 1998, Where should architecture go in the computer era, CADesigner 123, pp. 36-39
Liu, Y. T.: 2000, Creativity or novelty?, Design Study 21(3), pp. 261-276.

Liu, Y. T.: 2001, Digital Creativity: Conversations with Greg Lynn and William Mitchell, digital
architectural design, Taipei, pp. 92-99.

Liu Y. T. and Huang S. Y.: 2001, Some phenomena of creativity in design with computer media,
Proceedings of the 5th International Conference on Computational Models of Creativity Design.

Lloyd, P.: 1995, Can concurrent verbalization reveal design cognition, Design Studies, Vol. 16, No. 2, pp.
237-259.

Lubart, T. I.: 1994, “Creativity,” in Handbook of Perception and Cognition: Thinking and Problem
Solving, Robert J. Sternberg (ed.), Academic Press, pp. 289-332, New York.

Lubart, T. I.: 1994b. Product-centered self-evaluation and the creative process. Unpublished doctoral
dissertation, Yale University, New Haven, CT.

Lynn, G.: 2001, Greg Lynn: December 8, 2001 Taipei. Defining digital architecture. Bikhauser, pp. 21-23,
Taiwan.

MacKinnon, D. W.: 1965, Personality and the realization of creative potential. American Psychologist, 20,
273-281.

Madrazo, L.: 1999, Types and instances: A paradigm for teaching design with computers, Design
Studies, Vol. 20, pp. 177-193.

Maduro, R.: 1976, Artistic creativity it a Brahmin painter community. Research monograph 14, Berkeley:
Center for South and Southeast:Asia Studies, University of California.

Mabher, M. L., & Tang, H. H.: 2003;.Co-evolutionaty design process. Research in Engineering Design, vol.
14(1), pp. 47-64.

Manolya, K., Stephen, A. R. and Linden, "J.:+1998; Structure in idea sketching behaviour, Design Studies
19(4), pp. 485-517.

Marx, J.: 2000, A proposal for alternative’ methods for teaching digital design, Automation in
Construction, Vol. 9, pp. 19-35.

McGown, A., Green, G., and Rodgers, P. A.: 1998, Visible ideas: information patterns of conceptual
sketch activity. Design studies, 19: 431-453.

Medin, D. L., Ross, B. H., and Markman, A.: 2001, Expertise and creativity. In Medin, D. L., Ross, B. H.,
and Markman, A. (Eds.), Cognitive Psychology, 3th ed.: 481-517: Harcourt College Publishers.

Minsky, M. L.: 1987, The Society of Mind, William Heinemann Ltd, London.

Mitchell, W, J.: 1993, A computational view of design creativity, In Gero, J. S. and Maher, M. L. (eds.),
Modeling creativity and knowledge-based creative design, pp. 25-42, Hillsdale, NJ: Erlbaum Press.

Mitchell, W, J.: 1998, Picture This, Build That, Harvard Design Magazine, pp. 8-11.
Mitchell, W. J. and Malcolm M.: 1995, Digital Design Media, Van Nostrand Reinhold, New York.

Mitchell, W. J: 2003, Beyond Productivity: Information Technology, Innovation, and Creativity.
Washington, D. C., National Research Council.

Nagai, Y., Candy, L. and Edmonds, E. A.: 2003, Representations of Design Thinking- A Review of Recent
Studies, Journal of the Asian Design International Conference, Vol.1, Index No. 341 Asian Society
for the Science of Design, pp. 1-9, Tsukuba, Japan.

Newell, A., Shaw, J. C. and Simon, H. A.: 1962, The Process of Creative Thinking, in Gruber, H., Terrell,
G. & Wertheimer, M. (eds.), Contemporary Approaches to Creative Thinking, Atherton Press, New
York, pp. 63-119.

Noguchi, H.: 1999, How do Material Constraints affect design Creativity?, Proceedings of 3rd Creativity
and Cognition conference, ACM-SIGCH, pp. 82-87.



A

Osborn, A.: 1963, Applied Imagination: Principles and Procedures of Creative Problem-Solving. New
York: Charles Scribner's Sons.

Purcell, A. T., Gero, J. S., Edwards, H., and McNeill, T.: 1994, The data in design protocols: the issue of
data coding, data analysis in the development of models of the design process, In Gero, J. S.,
Sudweeks, F. (eds.), Artificial intelligence in design’ 94 Kluwer, Dordrecht, pp. 225-252.

Purcell, A. T. and Gero, J. S.: 1998, Drawings and the design process: A review of protocol studies in
design and other disciplines and related research in cognitive psychology, Design Studies 19(4), pp.
389-430.

Rosenman, M. A. and Gero, J. S.: 1993, Creativity in design using a design prototype approach,
Modelling creativity and knowledge-based creative design, J. S. Gero and M. L. Maher (Eds),
Hillsdale, NJ, Lawresce Erlbaum Associates, pp. 111-138.

Rowe, P. G.: 1987, Design Thinking, MIT Press, Cambridge, MA.
Rogers, C. R.: 1954, Toward a theory of creativity. ETC: A Review of General Semantics, 11, 249-260.

Sasada, T.: 1999, Computer graphic and design: preseantation, design development, and conception, in
Jingwen, G and Zhaoji, W. (des), CAADRIA’99, Shanghai Scientific and Technological Literature
Publishing House, Shanghai, China, pp. 21-29.

Saunders, R. and Gero, J. S.: 2001, Artificial creativity: a synthetic approach to the study of creative
behavior. In Proceedings of Modelling cognitive strategies in creative design V: 113-140

Schenk, P.: 1991, The role of drawing in the graphic design process, Design Studies, 12(3), 168-181.
Schon, D. A.: 1987, The Reflective Practitioner, Temple Smith, London.

Schon, D. A. and Wiggins, G.: 1992, Kinds of seeing and their function in designing, Design Studies, Vol.
13, pp. 135-156.

Sternberg, R. J.: 1986, Intelligence applied: Understanding and increasing your intellectual skills. San
Diego: Harcourt, Brace, Jovanovich.

Sternberg, R. J.: 1996, Successful intelligence. New . York:.Simon & Schuster.
Sternberg, R. and Davidson, J.: 1982. The mind-of the puzzlers Psychology Today, 16: 37-44.
Sternberg, R. (ed.): 1988, The Nature of Creativity, Cambridge University Press, Cambridge.

Sternberg, R. J. and Lubart, T.I.: 1991,/An investment theory of creativity and its development. Human
Development, 34, 1-32.

Sternberg, R. J. and Lubart, T.I.: 1992, Buy low and sell high: An investment approach to creativity.
Current Directions in Psychological Science, 1(1), 1-5.

Sternberg, R. J. and Lubart, T.I.: 1995, Defying the crowd: Cultivating creativity in a culture of
conformity. New York: Free Press.

Sternberg, R. J. and Lubart, T.I.: 1996, Investing in creativity. American Psychologist, 51, 677-688.

Silver, H. R.: 1981, Calculating risks: The socioeconomic foundations of aesthetic innovation in an
Ashanti carving community. Ethnology, 20(2), 101-114.

Simon, H. A.: 1973, The structure of ill-structured problems, Artificial Intelligence, Vol. 4, pp. 181-201.

Simon, H. A.: 1975, Style in design, In Spatial Synthesis in Computer-Aided Building Design, CM.
Eastman, Ed. Wiley, chap. 9, New York.

Simon, H. A.: 1996, The sciences of the artificial (3rd. ed.), MIT Press, Cambridge, MA.
Simonton, D. K.: 1984, Genius, creativity, and leadership. Cambridge, MA: Harvard University Press.

Simonton, D. K.: 1988, Age and outstanding achievement: What do we know after a century of research?
Psychological Bulletin, 104, 251-267.

Simonton, D. K.: 1994a, Creatness. New York: Guilford.

Simonton, D. K.: 1994b, Individual differences, developmental changes, and social context. Behavioral
and Brain Sciences, 17, 552-553.

Sparshott, F. E.: 1965, The Structure of Aesthetics. Toronto: University of Toronto Press.

Suwa, M. and Tversky, B.: 1997, What do architects and students perceive in their design sketches? A
protocol analysis, Design Studies, 18(4), pp. 385-403.



A

Suwa, M. Purcell, T. and Gero, J. S.: 1998, Macroscopic analysis of design processes based on a scheme
for coding designers' cognitive actions, Design Studies 19(4): 455-483.

Suwa, M., Gero, J. and Purcell, T.: 2000, Unexpected discoveries and S-invention of design
requirements-important vehicles for a design process, Design Studies 21, (2000), pp. 539 — 568.

Tang, H. H.: 1997, The evaluation and suggestions of applying the coding system of the protocol analysis
in design activities, CAADRIA 97' Workshop, Taiwan.

Tang, H. H.: 2003, Visual Reasoning and Knowledge in the Design Process, 6th Asian Design
International Conference, Tsukuba.

Tang, H. H. and Gero, J. S.: 2001, Sketches as affordances of meanings in the design process, Visual and
Spatial Reasoning in Design II, Bellagio, Italy.

Tang, H. H. and Gero, J. S.: 2002, Inter-linkages in the design process: a holistic view towards design
knowledge and sketches, Design Research Society Conference '02, London.

Turing, A. M.: 1950, Computing machinery and intelligence. Mind, 59: 433-460

Tversky, B.: 1999, What does drawing reveal about thinking?, in J. S. Gero and B. Tversky, (eds), Visual
and Spatial Reasoning in Design, Key Centre of Design Computing and Cognition, University of
Sydney, Sydney, pp. 93-101.

Torrance, E. P.: 1974, Torrance tests of creative thinking: Directions manual and scoring guide,
Bensenville, Scholastic Testing Service, IL.

van Dilk, C. G. C.: 1995, New insights in computer-aided conceptual design, Design Studies 10(1), 24-38.

van Someren, M. W., Barnard, Y. F., and Sandberg, J. A. C.: 1994, The Think Alould Method: a practical
guild to modeling cognitive processes, London: Academic Press Limited.

van Sommers, P.: 1984, Drawing and cognition. Cambridge, MA: Cambridge University Press.

Verstijnen, I. M., Hennessey, J. M., Léeuwen, .C.,. van Hamel, R., and Goldschmidt, G.: 1998, Sketching
and creative discovery, Design studies, Vol.-19, No.4, pp. 519-546.

Wallas, G.: 1926, The art of thought=New York: Harcourt, Brace.

Wertheimer, M.: 1959, Productive thinking, Harper and Row, New York.

Weisberg, R. W.: 1986, Creativity: genius 'and 'othermyths! New York: Freeman.
Weisberg, R. W.: 1993, Creativity: Beyond the myth-of genius, Freeman, New York.

Won P. H.: 2001, The comparison between visual thinking using computer and conventional media in the
concept generation stages of design, Automation in Construction, vol. 10, pp 319-325.

Wong C. H.: 2000, Some phenomena of design thinking in the concept generation stage using computer
media, CAADRIA 2000, Singapore, pp. 255-264.

®RE, 2001, TERGMERAIRE S 2R Y, A B R L A, AT, S
Ty si e, 1993, B RS %, SBA, o, o F



B4R

4R

RERHAFERF L LIS A BB EN SRR S W QS
fEdRR A A FERP L LS AP ] FE RRP A R e L

AR IFE > TR BABI R AR 2 BY o BEF (F4oT

Chen, Z. R.: 2007, How to improve Creativity: Can Designers Improve Their Design Creativity
by Using Conventional and Digital media simultaneously? , CAAD Futures 2007, Australia.
(%R tér F)



	書名頁
	Design Creativity by Using Conventional and Digital Media Simultaneously 
	 




