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Abstract

Computer tool has changed the behavior of design, and explore the issues of
computer aided conceptual design. Designers’ sketching and thinking have been
changed in accordance with different design tools in the conceptual stage. This
study explores and analyzes the comparison between designers’ sketching in
traditional and digital tools. The aims are: 1.Comparing the differences of novice
and expert designers’ sketching with traditional and digital tools and finding some
characteristics to decompose sketching; 2.Proposing a method on analyzing the
interactive communication process (seeing-moving-seeing); 3.Detecting the
similarities as well as differences on conceptual process and its outcomes;
4.Proposing a technique that consists of qualitative and quantitative analysis to
record designers sketching and identify 2 dimensions and 6 characteristics.
Results show that traditional tool has advantages over the digital tool, such as
more number of sketches generated, higher originality of sketches, excellent
fluency of design thinking, an ideal approach for concept generation adapted, etc.
This study provides an expert’s approach for concept generation in order to make
it alearning motivation for novices to upgrade to expert designers and a reference
for design education. Both experts and novices have stated that visualization of
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computer tools would not exert an apparent compact on design evaluation and
application. With traditional tool, however, it would be easier for them not only to
express their ideation, but also to observe the sketches with judgment. Finally,
computer tools can never replace traditional tool in the way that the latter can
influence people physiologically through their tactility.

Keywords: digital tool (computer), expert designer, novice designer, sketching,
traditional tool (paper & pencil), design education

BT A 63



CEC

il
=

N M%@

L[ M A A T B ER S AN AT R A AT 73 ( Cross» 1994 Lawson» 1994; Pipes
1990 ) o Fat Al R & A A 5 B 2R R AR - MR e — e B i AR
BRLAth A EETTIE @M REERET R U715 o IR AN S a3 Al DR s 2 A= AR AT I & 3 A 0 B
HIREIE - [l - BRETRIth SRR » Bl A e - T - BRERETHURIE - BAAE 15
THACIRE > 3ET Al LA FH 5 ] 2K 2 B a%E TR IR @ A8 ( Jenkins » 1993 ) » ZR T fE
HHr T H —mlsnuEL - BIEEBEGET (CAD > computer aided design) {if %t Rk AT
FEAE TARKHIE R - D8 [ aET R R T2 Bl A T A - BET i ZEr % o8
WALRE 2 W5 FTRE » anAURE S i ( shape grammars ) ( Flemming » 1987 ; Stiny & Mitchell »
1978 ; Stiny » 1980 ) ~ BL5% %47t ( expert systems ) ( Jindo » Hirasago & Nagamachi » 1995 ) ~
ARETRIE R ( knowledge-based systems ) ( Liu > 1991) < » {HAHES /3R 72 £ Bs 2
RPRALE 2%t A2 e B B » 5] 1990 (LI » BISHIBIE &% (CACD »
computer aided conceptual design ) {5 RE A W BA G WG &= ] > 41 Van Dijk (1995) &
AR B A T A o R s B 75 5K - Bl 8 M 2 T — TR pROEE T 3%t ( FSD » fast shape
design) HJ CAD S8 -%if T ELBERT - 38 T SRR RE £ & kit RS BRI FH IR i 17
Hi[E {7 : Elsas Bl Vergeest (1998 ) yEATHRET CACD [ B A7 Y D RE B BL R (n] » it
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HIRAE o IR @ Ea P RIS — 2 » il it R T RE R AT REAT & %A HURLA% B YE -
KL » TERR et P e ﬁéﬁfﬁi&i@ﬁﬂﬂ%fﬂﬁ@ﬁ&  RHHHAE ST > EEATE
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FEAE T EaT TR A - MiAS AR TE ) ISR - 5ER 7 —(EEE B HRY
TGER » 15 LGEST T — (8RR -

At TE -8 — & ) HEmiEA R T8 ) BAMEER > —EEEPEE LI
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accomplished transformation ) 8% /& H J5 A [&l 2 i 48 21 & — (& [& 2 1Y 38 #2 ( a shift from one
drawn configuration to another ) - & —fEHI[ /& 5@ = 1EI{/E ( the act of drawing by which
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& MHIEE - ALEHTRIIETE ~ R EERIETE - SRR - BRI R FE
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BB AT AN E AR SE T BIGRREH1 TR R RE - SRR G TR Y a3 8 5 AU 2 T
IS ENSHIBIEET (CAD) [ o 40 » Herber (1993) #&H1 3k T AARE - $2H
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H3{L - Goel (1995) GBFS - TAEFIE 2 A A IHEH) ~ sERM ~ SUEMITRE - /£
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i (& 4)

|
®

B 4 BRETEF N1 EH B R IE 5 EH
(Z) %ﬁ';ﬁ?’ﬂ (Process) Elblf,—-‘-" {-ff,“—gé‘;
1A= = [ RSB 57

AHIJEER Goel (1995 ) 43 SElEI T FHI /MU H A S 2 5 BB 5 i
(RO ISR -

2= R & PURIRIEIG 5T

AFFERERH Chen Eil You (2004 ) Firfgit) I 4 K6 ) ( Expanding-Contracting
Search ) = ~ [ F17UkHE) J #= (Oscillating-Parallel Search) 8L IEHE )
=i (Linear Search) &= 3 MMM AEANUREAL (R 1) RO EBRKE T 2 AR MG
BIOREL 2 4 R A A TR R T -

EW S I f"iﬁﬁﬁ%éﬁiﬁﬁ@& N

Rt T B -8 —F 1 BRAld TF ) B M) fERETH TR R R Baat A+
{of P AR EE T HL R RS T 2L 2 IR P R BB B 0% AT TR AR A% R 47 LL Schon( 1992 )

ME—8)—F ) (GRS A P ERE - G2 H 3G TR HRNT T - B1 6 E%E TR EE T

H W HEE @R T E J T8 ) 7 LIRS - Ee(E T & J 89771 » 5[ H Schon (1992)
m%mxmﬁmm%’ﬁ&rﬁ%%%ﬂSwS%Mnmm»r%%m%Ja’wmw
judgment )~ DL T 22 [ AURERE 1 ( Sg) = (18 T B ARAEEN{F » Hrp I 22[E ARG 1 (
B EIRIB AT J2 A5 SR R maka il - 7E3%ETRURE B |- DL 2D ¢ fm 4 ﬁﬁuﬂﬁzuﬁﬂgﬁ

BITERE T3



ST ﬁ?f

BATRHUFE (Sa> seeing arrangement ) XX I 22[HIAURERYTE 1 ( Sg) #RIBHIAM o £ T H
U518 » Schon i A B354 8B F HITT R8T IRET %ﬁﬁunxﬁrﬁ?mﬁ%él%ﬁ%%#”‘

Hr o Suwa B Tversky (1997 ) & B fife st i A& [@]1 T RS R ¥l 70 26 - DRILE » ASHFSEAE [ 8f |

I b 25 BRI 7 X RaEHRTHORG R 1T R 70 5 T W) R S B ) (Moerf
Moving create revise figure ) ~ I JEE G PI{EREAE ) (Msw » Moving symbol word ) ~ L
Ko T 5@t 1 (Ms» Moving same ) —#H 2B {ERRE - H A RIREBEAH 75 =i
AHa% TRl PR T B RGAE Rk B iR M Fe o » DL TR0 0BG T SR e ) AR ISR
ot o B T ) B TE) ) REE-RHE RN AR R R 3R /) -

23 TH1ETE 7o dkmnBHisn

T, WE

Bh TR e T3

« PHEHRYE - T EPF A o [ PP B FLAY G} lllf&l}?ﬁ'
THFERVE Sy Pt o
Seeing visual - T PIEARYE - FEP o Fhiyﬁﬁﬁw ’ﬁﬁfiﬁﬁi’f,ﬁ‘}jﬁéﬁlj

NG lJﬁ%‘IUI PP

T e e - HErx STV SRR IﬁI@ﬁL,j#%, I"'n“" ST -
}“%IJEI i o B[ R A ’5{ . = ’
See|ng]udgment 3 ?H%ﬁ&ﬁr IFU El * %ﬁl{ @TJ_I g 0L ]‘JTI:IF E‘f:gl‘l
f’LfF‘EhEJ 777777777777777777777777 Sa By *Pyélgéﬁgﬁﬁﬁrﬁiliﬁ’?ni[/F """"" iy ﬂpﬁ[,
Seem arrangement uE) o
TEy, HE
prm o

P e * Al FTVREE ¢ Al T J#’JlfF (UL~ A8L ~ [EdIpg!
Prff gt e s
Moviig%reate revise Mcrf ,JI p F'&?f?%?i? T @FFII Bl [&?1/%# \
figure + (SRR e PUpt] “Ii J?['J\ s NS AR

ﬂ‘fg[' g s epemsE.
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g Mw vﬂ% i w

Moving symbol word -ﬁj,d/i"”’*?%}%ﬁl pr&J;\/[H ﬂﬁ NECIETENN-
S [T 1R -

- R (?pﬁiﬁﬂ J;m‘ﬁ) Sl :;ﬂ[{p S 17 g

eles " g%ﬁﬁﬁ"’%'%ﬁ@ - P W R A

Yy e DR L e R
ey o bl
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fe i)k - IR s AR T R HINE T - (€ SORRERES 3 8 » Rk 1 Goel (1995)
A 7 SR AR T vE A i (AR R EE YT 9% - e SR L A B U ) SR - TTGE
Bt &7 A BB HEGGE TR - W RGBS T E R EERAE S - &
TR PR E M RO - L R E Ra R AR E R A TR EE
s e — W 2B M R P aa U R R R R R (R 4) - BBA L T ARRGET
P 0 f ot £ S 5 » R RERE IR (KA R 28 1 » MR RERE I B R 58 S o

FEARMZE T » HEEEMENE S EE > BE TR - 5B— 52t TEmrH
S HEEEEREERERE - Level 1-Level 5+ 55— > fefit T ot ERU@EME -
RUREGT & BIRRaT E R BLEE T RURS Y 1 IR RE R -

k4 TERIFAHEELERL TR

B 1 HFe, 2 B 3 B 4 HIyES 5
Al i A A L N
OB CRRF AT R AE IR RIS IR R o
CIENE I TEE TOF e R ety T R CIET A ST 5?1 g 3 5t 51
o 23 - s RS - s E R
A -
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Z.W@’;ﬁfﬁ‘(iconic sign) F‘i’zﬁ 4?:&3{.

& G F % (iconic sign) (3% » 1992 5 i - 2003 ) FEA SN E B 53—
G tHE (A REFEIEs %~ 1~ 8 ) e fE LB or (—Hal—#H) &K 58
BEEREIT ) BEERETIRE W EIMEIRTRRIE - TR HE 4 A LUEE
HIAS A E M R T AR AR & - B SIS IR o AR h Ehar £ /s
Fataxat o M EGRFIRIEIE R EH » KR EZRER &8 Ak (context) o

@5 AF 9% (5 0 1992 5 & fE » 2003 ) w3 F = KB (403 5) : REFFIR
( phonogram ) ~ KJEAF5% (logogram ) FlE 2 (image) » BREAZIT -

AFRERFR - XA 53 Ry pERIRE L 2 ) TR E TSR (logotype) » DL —{IE B %

{lEl 7~ REHETE BIRH /5% ( monogram ) » 38 W F Y AT 9 T £ 22 LISCF AP AR 2

B @ SCF AIAREEERT o - SOFAREE R P ~ 30 ~ BB N DASE A

LM HIEEEER

B.RIEAFHR » W3 FAmitE : 55— Dl—EIRFIRIG R3S hs € & AU R 1557

(abstract sign) » JEH AL ~ % ~ BTSRRI BT - G R E A

B A 15
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WRIBIE 55— BIGRIFT IR LT B FJHURT IR R RIEAT9% (pictorial sign) » f5
AP~ B -~ THBRR - ERRYEERIESGET B - Bl - 5 -
75 o M T B ELHE I
C. I8 (G2 e ZEHIAT HR HLIS > il A RE AT Bt Bl i A5 1) FH S > E PR U B8 B B
KRB -
D.BRIL 29t » MFREFRFMEIERASRATEE » B2 R F TR
( phono/logogram ): [fi 11 = HHER AT BRATRIE AT aRAY - HITRE 2 RIERUAF 3R symbolic
sign) e
KT 1 R ERERRET BT ARA G A8 A - B B 7 %I“E’Jﬁ*ﬁi‘@ »
B8 J H — Ml BB 5 X B B G T g I a8 Al s % (5% 5) » R B B fe v
e B R A P ARG T R SR BE T AT PR S Ll@ﬁ?ﬁ% Al HURREERGT
Ptk FH R BATERATE T » DURAREETTBRAIRAS Ml o BeA | 9 3at KB+
B ) Fe e ~ /P~ BETES 3 KM » IR M EET ~ M~ FIE - #i%R -
e~ RIE ~ MIEE S 7 5 EE

/’f{ 5 4%f§§u3\ﬁ/ aaé"\?i‘t@
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B (i) AU g b g
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Fos° ‘oo
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( phonogram ) e = i 225 5 o I' m
(' monogram) 3{?»' =X ﬁjtﬁﬁ%ﬁ'iiiﬁ o /}”F
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( phono/ logogram) FR A4 JIW%PHE‘H Zpl e W
15 (58D Fl= &G R F g
(abstract sign) N & o
A3, 1 4rg
(logogram) M > ?ﬁéf,%ﬁa g5 V“fﬁj?fi i (®/k
( symbolic sign) IR Bl O\
57 PPl g
( pictorial sign) %%%ﬁ'%‘%?ﬁ: °
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FEACRIE SR » R P B 17 % AP A 71 8 32 24 2 Bt B PR (1 ) A AR S T Rk
R GUE FAEM RGP BN R 775 2B 7R BF R 0 1 B o B 1 SR A A
AEE) o ERREUEIG 2 BIE T RACBE A - BAL TR S 2 (EfEm - ] R
i#FE (process) SLFEAERCR (output) - Horfr - BREEMEAEEMR] 3 SHIRH - 28— HfD
SEFE B ] o BRI TEE T K P I R R R R I
AR AR RO TSR - ST kAT AT A i B 3R < S8 = > T ) B T 1Y
TR - 7 R A (E I AR 1T 73 L S B (R A LB - M fEAE B R A T 571 3
TR AR MR < 25— FEIEIBCRL - SEHEEL 1 RRERET AN S E B AR AL ¢ 2
ELIE MR R I AL B IR 1SRN AR A AT 3R A P RO VR 8 FEE LI B 3 A A ] 4 5 T YY)
FIREARR T ZE « S5 = A GAT ORI 08 - 2GS e A 1 R R B
&I o

EEVEIAIER ST - R E IR R BRI A BLAE B DU 36 3% A i 5 |
BAERATLBERBIEE - 5 OERASCRBERH I~ SR B pl L (R ) £

— IR AR R Z B E - DU — SR A W R BT RERIIAE - &
% - MEMEACEE AT - SR BT R AT R B w] SRR - TR A B SR
EE FAEMT -

- ~ BI[*5)

(=) ™A (Process)

LE @1 PRl B @R

(R T B 1 S AT 8 IR (E AT A3 R T BB T 8

E?'%EI’UEW B[R (% 6) 0 DHTEEAIRGE T (£ B AR R 5 5 2 [
% o B —  BEBUIRGETHE MK T 2 B I s fH A A S R A 5% ]
SYRIBRARR - E RGBT ERE T e R R R B B - AR E L R R s
B e

BT EL~ 22T N1 P AIEFEBRRE B PR K R TR E (5 44:56% ~ 57:43%/8 5 15
EATEE MR - BRETER B2~ AT N2 HIFRe R EES - MEGHE 1K R E
EEFRAFE THAIEHERARZER « B H R LT AR T EEEF T
EE 73 LE3 RIS 22:78% ~ 29:71% » (6 8 [ LI & HiK A LETKT 2.5-3.5 - {HfE
FAREE T R A3 R B FAE KT B FH T EIME T 43 LR 50:50% » Sl H] FE I

ey
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T H ARG E R A FAE K P T E R FH A E E 53 HE 0: 10000 1 X @R AN A - HE
FeH RN B A BN CEBEE R R F AL JEEH 1-3 (A5E - tHmHE 3%
FrEREE W EEH T EEEBE ) (IEEEAETER - BEHAEMMIES :
EHY > I HAE CERRGIE R A FAIN T RE S AEFEL LR
IR 11-29 (FEfE > HREET R FREE T M ot > HoK A B i E I e R
17 o JE(EIL SR B Hanna B2 Barber (2001 ) #&HIIBRERFHIA] o (TR > RE & RIE
BRI > BETE R EE R A Em AR EE L (K6)-

&6 #HEFALAF (Laerd) : &4F (Vertica) ] ~
FEHKE  FRABELITE

L IR ]
<2 (Lateral) : =T (Vertical) RIFEf]
_ PREF Rl 4456% B2 0100% 22:78%
_FRES N Sr43% N2 0100% 29:71%
i 50:50% 0:100%
Al g
,,,,,, Byms BB 2 B 3. 18
CES@R N 1 N2 . S 6 .
=t il 20 2
L RES (complexity)
______ Byt EL 34 B2 45 3545
FIEF N 1825 N2 45 2.9-38
= 5 24-33 45

2R R 2 USRS

{f#5 Chen B2 You (2004 ) 1] 3 fEFAE £ /3 775X - 2R W LB BB B P (i 2%
HE TR GG TR R E A SR (R 7) - B (IHME TEAVRET
K BLERH TR ) #== 50 ( Expanding-Contracting Search ) » 35/ ER > » &
5 R P 1 R L LA RS A A T ) S TR B 1% - B8 B0 AT A B BT
it » WA R/ SR > PR ARG - HE Cross (1994 ) Ed Pugh (1991)
Fiti A AR AR P R U ] 5 (o P AR ZE B AVEHEF NLERA T RT3k E) ) =it
( Oscillating-Parallel Search ) » % #E H1 3% 1 fifi 28 1771 5% 3 1l REL A A [ e/ (EAE # =t
TR AT R A B gl e T A0 BR 5 o P BB L B R ER B2~ 3EH AT N2 R
A TE#R ) #=ifR A (Linear Search) > $#f B —HEREESTREREUS M BLME - M th 28 B E
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R R R (T

AR TR o BRI K PRI - A PR EA LR RE L > SR AH TR
ERE ) FUEE A HAORATE - 2R - SEERET H oK BL (Ui iR 0B T3kt e
EF'%FFJ%R%IE:“’éﬁfrﬁ%%éﬁﬁﬁ’\]éﬁﬁ%%ﬁﬂ%ﬂ%E@T%f?ffﬁfﬂ‘ﬁﬁ ( Chen & You -
2004 ) & BRI E R AR o Btk - 88 R E R A R U A A R
ﬂué‘:ﬂ‘fﬁfﬁéﬁﬁ%ﬁfrﬁ%ﬁéﬁﬁﬂwﬁﬂmﬁﬁE’Uéxéjrﬁﬁ%u&i‘%a?ﬁF’Eﬁé’ﬂ%&lﬁd\ °

AT EFAAMAHAHRFEKX

= e B
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Totgsk Bl B2
P J{ o
4 NN NN o
f'g At = N1 nmomones N2

3_I’ -‘Er?bJF"ﬁt @E.

LL Schon (1992 )1 & — B — & J {5 R AU £ B - 0 275 3 T T RS AHBH A 72
DUBARTS 7 1 3 T Ak A3 T - ST Eat H B TR A EfE ey I F ) i
M8y ) ETEEA T LIRS - & 8 BT A& MRS T E R - IFAIR 1/ (60
oy ) RRREIRGTEAET B BT B ) AT RS UGt &2l &
B T8y ) TR RN A BRI R BB A S A G e S ) B TAE T8 ) AT RS
KRB TF ) KR %Ztt@‘ﬂﬁ 2.8-5.6 f. 2% » E Ll TP s Bk
(Merf) (B ERBFT G EEBIRR & » E9F - £ T VIR BBy B > S
FH R T 2 ARk aT H R A T DL FWf{:ﬂgaﬁu BER MR - BT REEERE ) -
SN A > AT LG R E R R b~ R R R o S i E
MU EA TR R « M AR TRARGTEREE T L T ) BEREU=S -
L TR E A SRR SE AR R R BE RS - R BRI R -
B AE TEy ) Ui - EPEER ELS B2 DL TR BB ) (Merf) B){E
R > H202 TIEE G FRUED o (Msw ) B THEREYI(E 1 (Ms) BifE : H
et AT N1~ N2 Al5E A - (5% 8 19H1 » 3Et T N1 DL T Bz B
RY LBz m - HA0E TIEBGPIPEIIEL ) F THiHaPIrE ) BfF > Bdag njr%%?’ S
E2 fH[A - (HEgaH £ T N2 QL. TN B s ) B E L Bl - G T e
Pt 1 AR TIREBIIFIESE ) -
MAE T 1 T > MAHA R & RUEIA A - EIGHEGT & B2~ N2> 1 THCE
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BATREVE J (Sa) BhfERB EAEAIEES] - 1 T SREAIE 1 (Sv) B fERBUL IR -
BV EER RN & - SUTRINHE G B L EE 2 (RS TR E TP B [Ty
Mo & AR 1 - HrpEEt R FRURBUE IR A1 PGS - AlE R e =
Al - BETEK EL DL TPIERRE 0 (S) BERBULAIR G - HAE TRCERRIE

Bl M RRHIE ) BIIE - BGEHET NLAILL TRCERIFRIVE J 8 T BRI 1 BhEREUL
Bl—trm - X5 TPIERIE ) B - mital 7 - SR eRGr ER S E T EZEIE T
BRIE R G RAEM R T TR T & ) iBI(E I A HARAR — 8k - (EMEE T8
skl & BV E R B 2 5 SRR T R B R TR 1 T R AR U B2 Schon B2 Wiggins
(1992) Frfe 1 E —8)— & J KB AR AL -

%8 AL TA S T QRIS EH B E

LEHI%K ELE T, = TR, USRS ATRRR]  TREE R

Coding system Expert designer E1
Ms Expert designer E1[@Ms BMsw BMcrt Bs: Bsj @5,
Msw -4 g 80%
O e e e o e e D S mam o o e D e o
Si + +- +
Sv - * - 60%
0.0 5.0 10.0 15.0 20,0 25.0 30.0 50%
Time (Min.)
0%
Coding system Expert designer E1 0%
Ms 30%
Msw + 20%
Y
Merf o114 oo D i ARG AR R e R R m R S e R 5 1% o
Sa =
Sj - - N 10% 5%
+- + ¢ * + +
)0/
Sy * + * + % . o%
0%
30.0 350 40.0 45.0 50.0 55.0 60.0 Ms Msw  Mcrf Sa S

Time (Min.)

= she - [ = 5z [ Y3 -~ Q& '\[ » L] WJ
FEHF E2% T E TE ) PO AT - TR
Coding system Expert designer E2
Ms + * Expert designer EZ‘.MS BOvsv Ovof Bsa @5 S/‘
Msw + 104 A 70%
Merf + 1 ST * A RARd A d B R R * 62%
Sa * e
. 60%
Sj +
Sv lete - . .
+* ¢ * * 50%
0.0 50 10.0 15.0 0.0 250 30.0
Time (Min.) 40%
Coding system Expert designer E2
30%
Ms
Msw + 20%
Mcrf [T T4 16T 114 + AR oS AR R R AR RARA R 10%
0
M‘. * * * 10%
Si + 3% I
Sv * * + 0%
30.0 350 40,0 45.0 50.0 55.0 60.0 Ms Msw  Mocrf Sa S Sv

Time (Min.)
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R F R & A T ()

(F 53

PEEEE NLT T T PO FTVR - R

Coding system Novice designer N1

Novice designder N1 ‘-MS OMsw OMof @sa 85 st‘
‘[\ls * 90%
SW 4 +
79%
Merf  ang + ¢ AR AR SR SR SR SRS an g SRR RA BRI e 80% _D
Sa
Si 70%
Sv - +
60%
0.0 0 10.0 15.0 0.0 0
50%
Coding system Novice designer [ 40%
Ms 30%
Msw +
Merf [—r4—ro14 ST T T T T A SR aRg 14 T + + 20%
Sa ¢ + <+
5) . % | 5% o %
B . . 1% 1% =
0%
30.0 35.0 40.0 45.0 50.0 55.0 60.0 Ms Msw Merf Sa S Sv

Time (Min.)

ARrE = N2 T 2 TRy PO I eyl » R BrE=f

Caoding system Novice designer N2

Ms - * + - * + Novice designder N2 [lMs BMsw OMcrf Bsa @S Bsy
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A RS R B > T4 + 1+ > + + * + * +
Sa + + . 60%
S
Sv
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0.0 5.0 10.0 15.0 20,0 25.0 30.0
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Coding system Novice designer N2
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vart ool —tetete ool foletolel 1o oot o fe| %[ 1 14%
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Time (Min.) Ms Msw Mecrf Sa B Sv
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> PR F NP EEES 110 s T N2 (REESES 1 BURER
7 A S A A TR 2.6 1 o (HAE SR T ELAUGE I3 - W] LIS B0 At 2 T B &
% EL B4 F N1 EA R EEE - KRS 20 | ol AR THEAYE S B2 A
F N2 BESAE H 10 1% - [LEROR B A B NS T E AU BB TS E AR - i A AR
FETHRESHEAH M EEEHEE ) PSR ARE B ENZ E - RILZS - E
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EEEHNEER 45 QRINEEHEGIEIRELE R FEachmPEE - BlEms -
5 I AT ) I 5 2 B R o T A D R A AR RT o R S [RGB
BREO RS > 2RHG e (P RS RBUSE BEER BATE -

2B WHFER

RIBAR e A e E T B R B B REME R R (K 4) ATLURS ZHIE
AT E W EEEHE - KEMS - WSR2 — SR - B ER EL-
E2 fE[EEHEE RKI(E 3.5 &£ 4.5 fiEMN (K 6) > BRGNP ET N1~ N2 FJ 1.2
fEf A s BB FHEHIURETE EL - N1 S E EHERE 8 RKI(E 2.4 &£ 33 iR (K
6 ) BEURARET & NV GRS (K > B R EMHIEEE B2 - N2 fHf - BlE A
JEE (Level 4-5) » HEFEH RN FAGMH A& MK P RESPIEE T HEE
% > WL ThRET AT REITH & SN SIE R - SO e R R
K FHHEY - BEIGAHERETE H et 1-3 (RS AEITIEIE » RS HEFEGT T/ » itk
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(Z) FfZ S REVEREED 3 ARG R T 3
P e R R R B RPN L ] LU A 8 BT F 7 e R M A 3
TR FHEATT:

LTSRS 2 R ™ Thgh R 12
uXu-I_E%? El nﬁ?” :

A RE LR KA R R B — B AR Ag > B AT AR B B
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Summary

Computer tool has changed the behavior of design, and explore the issues of computer
aided conceptual design (CACD). Also, designer experts and novices' sketching have been
changed in accordance with different tools, especially for the graphic design. Therefore, this
study aims to propose a systematic and quantitative method in evaluating graphic design
experts and novices' sketching with traditional and digital tools at the conceptual stage. By
one experiment and a video/audio retrospective protocol, this study identifies two
dimensions (conceptual process and conceptual output) and six characteristics (quantity of
sketch, complexity level of sketch, cognition and distinguish for configuration of iconic
images, lateral and vertical transformation, mode of search for concept generation, and
transformation of “Seeing” and “Moving” activity) of sketching. Based on results of
this study, main conclusions are induced as follows:

1.By exploring the sketching of experts and novices by employing different toolsin the

graphic design for the first time, this study validated once again the significance of
freehand sketch for the conceptual design. Just as emphasized by Garner (2001),
sketch is a presentation and configuration of image during the conceptual design. As

for the reason why sketch is so important for the design activity, it lies in the
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characteristic of concretion on one hand, and on the other, the vagueness of sketch
stimulates the interpretation of image so that avoids the phenomenon of rigidity for
concept generation in the early design stage;

2.The two dimensions and six characteristics proposed in this study did decompose and
describe designers' sketching in detail and as a whole, understand and track the
transformation process and the context variation of the sketching and design thinking
by designers employing different tools.

3.Validated once again that the video/audio retrospective protocol analysis data is
helpful for decomposing the sketching and attempted to present qualitative materials
through quantitative data statistics. This study sorted out and induced the protocol
data by combining with the video observation data based on the essence of
qualitative research, and presented the design feeling and activity that is
unperceivable;

4.The search modes adopted by both experts and novices are al based on
Expanding-Contracting Search, Oscillating-Parallel Search, and Linear Search
presented by Chen and You (2004), and that the searching processes all include
continuously repeated divergent and convergent process. Experts and novices
employed digital tool all adopted Linear Search and were apt to vertical thinking,
considering the design issues in detail and leading to a high complexity level of
sketch, which is close to the final sketch stage. In addition, it’s found that as experts
who employ traditional tool possess more design knowledge and experience, their
conceptual search mode is the same as the ideal search mode Cross (1994) and Pugh
(1991) described. Therefore, Expanding-Contracting Search can be a direction and
reference for novices to learn the ideal search mode;

5.Asregard to the quantity of sketch, it's found that experts produced more sketches by
employing traditional tool compared with digital tool, with a better fluency of
ideation. And no matter with traditional or digital tools, experts may produce more
sketches than novice designer. Besides, the presentation of experts on sketch quantity
and conceptual output shows that all the sketches no matter whether they are
produced under consciousness do help the design thinking to be more fluent and

stimulate the possibility for concept generation in designers’ mind;
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6.For the presentation of sketch lines and strokes, it's found that originated by the
impact of different tools, the lines and strokes produced by traditional tool are more
rough and wild while lines produced by digital tool are more regular and concrete.
However, it's also found that obscure and indefinite sketches make it easier for a
dialogue and mutual stimulation between designer and sketch;

7.As for the sketching action of “Moving”, it's obvious that designer who employs

digital tool produces more “Moving create revise figure” actions while designers
employing traditional tool produces more actions of “Establishing new same”, thus
with alower complexity level;

8.Designers are easy to be impacted by the prompt visual presentation effect of the

computer and are prone to vertical thinking while blocking the exertion of lateral
thinking, especially with novices,

Finaly, it's found that either employing traditional or digital tools, experts have better
presentation both on conceptual process and output. So the presentation of experts on each
metric is a direction and objective for novices' learning and acquirement of better concepts
for design through simulation and learning of experts’ conceptual development process. And
both experts and novices have pointed out that although functions of digital tool have been
perfect, it's impossible to satisfy the inner demand of tactility generated with traditional tool,
which is inexpressible but strong and direct feeling of designer and deeply influences the
sketching and design thinking of designer. It's a great expectation to construct a systematic
tool that is suitable for decomposing the sketching of graphic designer, evaluate the
association between the process and output generated by employing different tools, and
effectively assist graphic designers to exert the best design creativity and high efficiency in
employing traditional and digital tools, which should be the objective and mission of

graphic design educator and computer software tool developer.

Keywords: digital tool (computer), expert designer, novice designer, sketching,
traditional tool (paper and pencil), design education
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