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knowledgeE A& =4 A Xt AR Ad, S HT AYd
parameter®}t T7AE 84 AW FAFHTC

EHHE

jud
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|\parameter ZY—>| 0OrR29 EEHY

D Object Knowledge — Process Knowledge

[2¥ 4] GrasshopperZ ©]-&3%F nl$-2 t]z}2l 2] Object, Process
Knowledge9] 4548 A=

gebd 4 ok dE B9, v gAlS
2 H4%s d "HshA A&
25 txRlstr] Yl sl W A A3 w20 PEjo
5 Object KnowledgeE 7}A]aL, AF8AF HIZE W ALE
71 #18l FHE 7iAstE W S Process Knowledges €-8-34
Ideationsle] #HF t]AFelS Aottt} [23 5-%-]1 Apple Magic Mouse
22 experience—based Interaction 4102 3Jti= w25 txlel
ol AREAFe] Abg H3(Object  Knowledge)S  #E3slar #4
Wi (Process Knowledge)s €834 M= <AHHH w2 (Object
Knowledge)< AQtgth 22 A& AMElE 82 oAl wef dho
Holx| o], Exo| W= ZAFE HAFHWH Process KnowledgeZ

2ol agfsfjof ek

ol
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Y
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AR AHE &2t/ Lol M| Crrst
7|soll chst 7 Interaction &4
= HAE /H|W
22| 37], g, | o »| Oloao| BE insight insight
=Xt il g A0 HEY BHA v A
< =21 =21
25 wA ] MZZ interaction
el JHM L4 -
OrA0]
Hg EPCIE
:] Object Knowledge —» Process Knowledge

[ 5] 9Atel B4 whe} vpg-2~ t#42l 2] Object, Process Knowledge 2
g A2
(#}) Logitech MX Master 2S5 ¥ 2 3}+= & HSHA A F d+= v~
=P

(%) Apple Magic Mouse W% =Z 3= A4 QAHIAH T4 vlg-2 ¢}l

o] Ao A ALEEE Object Knowledge ZFol ARgAbo] w3k
A2 3 whg-2 ol ek A4S FEEARE TRQl EAof] uhet
te Wgo g siMdErt. dE 5W AR mhe2 ARE AFSH(Object
Knowledge)= #z3a o HORIS HHor FH &3 w92~ FE 9
Ao #AS Fii #™ Object Knowledge® F=3ch WA
AU FAHoR I HARIS & w= AREARY] XA e O
A3tk &, Inputd Object Knowledge”} Z#|%F ]

Process Knowledge)o] th=7] wjiol]l Output #|4jo] ©2A Ht},

2% 717 "AQY Agelx, AREARS] g7t wel Asow
Wstsles AntES £9E HA SRR o ARAE =29
AH&38h=  processE  oldlisfiof skar xrE e Hr|eh Aol &
271l e 93 52 Object Knowledge’} Zasit}, <leEE
FAFOR AMRHIL £YPe AXdte £ VTR BAEER W X

X

s 3= ARYH AFeta JEH e 2B, 23 5 Object ]2 0]
9 T3t T3k FH 5 54 g8t ALl 2WE yARIsAA
Ed Aol EA QA F3t 5 Object AAS HQ3ta, ARE A3HS
AFsto] FAZS oldlets ARE UL AL oA Tzl
4o uwgl HFQ3 Object Aol wW=Eia1 o]o] wel TRl
I EAH AR =T}

orol] A3k Adobe Senseitt Grasshopper #< computer—aided

: 5 2] 8 5



drafting®} modeling A A= parameter? U213 HAAE AHsla
‘A3 parameterE X&e= 7] HEEo] YR & Edo
_]

AYE = 71 EntityE AEsY FEE A TH(Monedero, 2000).

o] HAL WA 7|EH =S t]xQlstal Object KnowledgeE A-$-3L
TASHE BHorE E 4 i YRl ok w2l ARE3$H Object
Knowledge?] W3 #AEL 7128 4 9A9, Process Knowledge?)

AR S 715E F e Fato] BFetth wHeF, tAkql Object$t
Process®] A3zg& AV AAo=Z 7|H5xHi ZdEo, {FAMS
Ol ZAE 7Hd v Z2AE 83 4y, fReoly =
ojxell A Aol A YaQlE AFstr] wiEel, 3 '@ w2 e
tjz}el  ideationd] E&S WS 4 9IS Aot} Christiaans &
Venselaar (2005)% Tzl w{7gol A st Eo] ZRAE A I
ZRAM = XA o] WeaE Ao YAl AFfEo] Yt TEAA
AT Aeld o] A EAHdY. =3 on w2 AT-(Hord,
1997, Oxman, 1990, Schon, 1988, Gregor, & Jones, 2007) &5 &3l
ozl Al gk olsfet tAkl thAdel wiE A A o] oAl
gzkdel] gist Fa3gk JgFs 7|HdhE Fo] THEHATE Walls et al
(1992, 2000)¢] AT Ol A4 dojgulolx &3 w Tzl
Product(Object) A|2]Z} Process Knowledge®= SJHAOLZ =
it ghoh weba, ZRAE Ao Fitsh= tAel A3E v
23] Object Knowledge®} Process Knowledge® Az 28 ¥4
AGLE AP Ut ).

A4 B A YA}l ideation A T ARL

[-40

W oATE Q)
A4 &5 8 B8l BE olE wAL Fal, AU ideation W7
Fol A4 % W 2e AR AYer) Aa) A4 gEe ma
Abshs AL BAom @ik dAourt TRAE g AE EAS

o
3| 43}+= cognitive processoll Al A4 ¥ =, TJAFQl Object Knowledge <}
1 S +E35k= Process Knowledge A3 #g-9 EXAS wz3sla
AREo] xRl EFo] wElA  Object Knowledge®t Process
Knowledge® T53dtal Shgshs Ao digh s AWd Aotk
2dS &3 Object Knowledge®wt olygl 7+ #3839 Process
Knowledge”} T]#}Sl T ZA| 2o A ojw &S =% Hoj= Aot}

10 "-:l:" I 'kl-.|- 1_-li [= 5



A 2Ad AT HH R EY

AF HH GAHS g A FAE oSy Fo] F UMHA=E
THs
AGEA 1: t]#el Cognitive Process®] ZF @A A %21 ojw

%S st o 9A THEHT BEH AU

A9 AAE o9 BRI 4 BRe A4E

AAH A A qx}% Ideation ¥l A2 Ao AHE
22 (Design Knowledge Interaction Model from a Cognitive
Perspective)S AotS fs] & A4+ [2¥ 613 #o] Cognitive
Process, Design Knowledge, Design Ideation Process 9372 A 7}
o AAso o Al 7HA 52 AR HA= 9ol EAEHh
AR #HHox Design Ideation AL olsfstr] 93] Cognitive
Process in Design Ideation®l] #3%t o258 1z X2 55 % &
HAL olalstr] 938 Cognitive Learning Theory (1A Sh& o] &)=
aLzk, ideation FAGlA YAl A A o] FTAES Fall A4 As}eh=
HAoll gk A3 A+ 17 AAE FA5A

Cognitive
Learning

Cognitive
Process

Design
Knowledge

Design Knowledge]
nteraction Model

Design Ideation Process

(227 6] A+ 9

AF AL [29 7]oA Hi= vle} o] Cognitive Process,

Design Knowledge, Design Ideation Process® A% AaA- 2

AAE vtgo=z bl #A4 3143 9% Ideation ZAgollA A2 &-&

2 F5 BAHE AAF AHoRE FASHL AA FEAE VHE Rd=E

Akttt 7Hd mAe AFa) 98] tiReld #q wgel #a

4% W AT ALNE LA, B AW T e Ao
11 . 1 1]| fJ T



2hq] A dHlol”HE YAl AdEd gl #A #AS FE gAd
ideation 9 7z wAA]  Object Knowledge®t Process
Knowledge®|] & 4328 54 24t 7Hd Bl dFE
#2 WE&s SAZ AgsSi

Cognitive
Process

.
12 % xﬂ 2T



Al 2 A YRSl Cognitive Process?] ©| &7

Z

A 1 A Cognitive Process

RUAV Sl AbHA 52 ol AMAS dAsle] greg AlE AeaE
wolEolar, Astal, Q1Eshs - A A A7, 7Y,
E E3se  FUE e AES YEHUE
EaemoltiAbd, 2022).

A A FAH AFAA AA= ofH PFAAKJAI, TE, EE
AFEDl  og A2 9 %"%(mtelhgent use of knowledge)o]2t=
H]

-

QA7 S o] 92 M ekl g ol
E Zol ohlet #73e 4548 Aol HgHe] g olv
1 289 43} gl g >

oele BHAA CHURYSH BAGIRY HEAE A4S
ol&ljst7] 9@l Human Information Processor ©]& i#s}al, Ao 2hg-
HFA A  QF AL A AR d"y 988 3= g

A ZH Perceiving Objects)® AHL} X AS  ‘WHF) o AHs=
Memory?] 2ts 98 & a1z}

2.1.1. Human Information Processor

A7) ARl 1A, dEolgkh=s AL AFshd Fofd ) FAlHea
538 A Ao 5 2El Aol 7 A d9 o= o] FolA
ATHGoldstein, 2014). AA2 AA HEE T dF= F& F=F9
Agolal, Wb e JIAA AYsES w2 o AgER ERdEY
A AAE Al SAZ Y= 5 vk A A= FATI] A, 4
4= FlA o ARE wolsols Y A AACIH.
HA GA= A AA= ARE oldistal, AAsta, dEs= A
o] glod, Al HA A= olFA A" HRE FIAA FEet
FEe M TAE Mdsta, JAEAS She w2 T dA

S 2
AAZS A T4 AR = sttal & 4= dtH(Anderson, 1983).

Card, Moran and Newell (1983 )= Human Information Processor
13 -"]x" '\T' - T



®2aS [9 813 ol Absitt. o] EHE perceptual (A7),
cognitive (1A]) & motor (%) AZ=HL] Al 714 Ao 2§ A|~¥E
¥ AE A AAHL A, A7, 24§ Perceptual
ProcessorE &3 Input¥ o] &9 HEE Cognitive Processorol A
AA A o2 A3t Motor Processor® %3 #2 ZA3= Output
gt} o] A AM Fa3 HHE Memoryol RHutsti a3k 4wttt
ARE ABAA dste el &85

.

Long-Term Memory

Working Memory
Visual Auditory
Image Store Image Store / \ /‘
' <
Y
\ / \ |
\ ¥ X b

Perceptual Motor Cognitive
Processor Processor Processor

[23) 8] Human Information Processor (Card, Moran and Newell, 1983)

2.1.2. A A ZH(Perceiving Objects)

Azke) B $7 Fe] ‘g g ACH W% s 44
sk gYsE DS ok Aoyl wWEel AzZe #3 Fus

Z|Rbe = S-S

a7 qUA7 FEAS AFEa ool HE ojojx i A9
A &4 A (bottom-up processing)ghal Fv. U At
A Zyete] R1487] A= FE&A E45E T3 A A A
A2, Az gl digk 7, 54 A=l dig Fo T OABEE
dgstrt. olggr  FZHHA AHHE @ A (top-down

processing)®] 7]x7} a1, A7  A]~H®l(perceptual system)]

"top)'el A= HelA A= A o] tHGoldstein, 2014).
Helmholtz(1866)2] oA A FE o] 2(THEORY  OF

UNCONSCIOUS INFERENCE)d &= A Zto] X240 &ttt T84S

A A8 TE Helmholtz = A ZF A oA FA&= oW tide] 54 A=

JEHS dofnE=A AASE Aon, o] TAE A7

A FEsH7] 8 AFA] A AAE HEsh= Bl o3|

o<l
s AdE kL skl

14 SEas



Thomas Bayes(1701-1761)7} #|¢t3k Ho]x]ot Z=E(Bayesian
inference) Az & oigh $-9 F 89
AREGIL stk (1) AR &, v des] ARG (2) o8 7
S/7F Aol dAsk= At 5 7FA adolnh. Ho[ g F
HELMHOLTZ®] o213 F& ol& (27} %2 A=5s A4
VAol 7MY =& Ao

713k Aol

A ztell ek 37 GFF A(regularities in the environment) ©]&-&
X zvo] 7o 2R, S A At Aol B fist A4
o s 2] 4]

o FegS wreEthe ofojtjojo] Z]Hbsk Aot} At A A =
T T 1183 Goldstein, 2014).
7

=74 3 Bayes® AW BT

27} A9 Azt AWe Fel R E DA UF GolHE ALg et
ool Folo] QA ARBTHE Folth WA shaa WAk A7
Fag St

YEHoR, Gestalt AYFAEE Azko] td QA Aol
Qubs o wMASE WAel e ofd A7 24 YA AGY
249 ek WgHel vk A4S ZxsAr. a5e A7
A9 9 wErhs AL APAT W AHo] FPL P
Fogen, mebd 434 At FA 4 49E Ao
FAsre v,

2.1.3. 719 (MEMORY)

71998 ddl AR O o] EAsHA &v A=, oA, Ak
ofojtjo] B 7]=o Wi AHEE Fx, AN 2L AL} #AH
ZrAzot 7] A Aol AA = wH e AbadA o]
Fsol FS A etk 2AstE T (Joordens, 2011).

Richard Atkinson¥ Richard Shiffrin (1968)2 [Z2¥ 9]¢}
Memory Modal Models A8l Th o] RE2 Al 71x] FFPe
7oz FAdskqlt.

1. Sensory memory (37} 719)2 4
00w BE ARE fA e x7]

2. Short-term memory (&7] 719)2 5~771 IHE& 15~20%

AE FAd

’
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3. Long—-term memory (%7] 7]
dom #4% & quh

Rehearsal:
A control process

Inout Sensory Short-term | — Long-term
npu memory memory D memory
Output

[2¥] 9] Modal Model of Memory (Atkinson & Shiffrin, 1968)

(1) <71 719

Baddeley®} Hitch(1974)% Short-term memory$}t Memory Modal
Modelo] AJzto]l Aol wel BAA= §24 AAS estA] &7
= Short-term memory”Z} ¢}Fd Working Memory(24] 719) gl
olgs BV 719 A AT AES AEsEATE. Working Memory+
"olal, T R FEY B2 BT AGES A BRO A A 2
24s 9%k AgtE §F AlaEl"ew AHojE

Baddeley(1996)%= Working Memorye 327} T& do] HEE
X -3l phonological loop (% F32); AlZF 2 ¥7F ARE HFsE
visuospatial sketch pad (A&7 2AA] =), S FZ AlFIt
AR H=o 2gS A3 central executive (54 FJAF) Al
7HA A 24aR ¥ YA §9th Phonological looptE &% A7)
25 e AR F UK 242 FAETY oo H7ZF ARE

B3t} Visuospatial sketch padE A1ZF 2 &3 AHE B A3}

Phonological loop ¢} Visuospatial sketch pad+ central executive®l

AZH. Baddeley 229 542 (1) AAE ol3star 438 wAE

Fe A e AAe #Ad %49 $Y (@) Adse F A
A

h ] 1w
A BAo] FAY 5 vk AR WGF ol

(2) 471719
Working Memory?] &% Chunkingg %3 =71 & o
Working Memory2} Long-term Memory A}olol]l AKX uglo] F7}o
Fag d3g dth. Baddeley(2000)= °ol8dt 89S 7] 99
54

(29 10]3} #°] Working Memory2] 7} 4] episodic buffer

16 ] ﬂ i H _.I]



(AA] =75 Aerstsdtt. Episodic buffer= F7F £%& #8314
ARE AT 4 93l Long-term Memoryol] AZHolA Working
Memory$} Long—term Memory 7t AW nglo] 7}a3shA ). mEsh
o] 49l Visuospatial sketch pad®} Phonological loop 7} Long-term
Memory 9} AZAES US55 HATTH.

Working memory

Central
executive

!

Phonological Episodic Visuospatial
loop buffer sketch pad

Long-term memory

[29 10] Working Memory®} Long—-term Memory2] 12 34
2 d(Baddeley, 2000)

Long-term Memory+ 729 &kollA A A3 v %4
3k A H 2] 'o}Flo]H'o|t}. Long-term Memory+s= Working Memory %}
AAlste] dAe] Py AP e b Ewo] Hrh

Long-term Memory+ 37¢ 7Z3&d thd+ episodic memory,
2974 P5S Y5t WHol ek procedural memory, FAU
o] 7+& ApAd] 3 semantic memory®E EFE 4 A THTulving,
1972).

Tulving (1985)9] W= episodic memory 7432 mental time

1

travel, 5 7ol AT AP oAl Adskr] 9 1 Y] dRe
%

st Adds xggsle Aelyk. HbHO| semantic memoryw
MAARJA A gagle]l AR digh A4S I o] A&
AR F], 22 2 OIE Y 2 A g ok AAE A episodic

memory®} semantic memorye= F% 93 AU A2} (semantic
memory)< episodic memory’} ¥ 7E 9 EX}Oﬂ dEe A
Atk Algke] Xl wel 7192 episodic 542 Al H=H, o|AE
HA 71999 9v] s (semanticization)gtal gt} (Petrican et.al., 2010)
HPAE 719et= 9% mdE AAsts 59 Alolol= Aol
ATHE AL ofn] AAA T ¥ FA APNA dF5EHAHTulving,
1985, Addis et al., 2007). Addis et al.(2007) & Episodic memory
A" F8 4TS JAE 7[Yete Aol ofydt AtEEe] HHE

17 . ,ﬂ *,r 1_'_” [



d=she H Ewel Hi vbEE vHE AlEdEeldd - o oA
R
A7) w3 gAA 7 gEH sojow UiE F 9

=
episodic memory?} semantic memory #< HWAA 7| -7}
AAst= WAIA 7]Yelar 4EA T9E AFS I sEo

Foxxor wAETh procedural memory, F7  WkAE o}E-Z

Ueltie] Ul H4e An A wHow
Memoryel Q& WRACE AW A4% @ Hn
gAel oy gust Aget: gudd adzE 4y

ol

T

Aol #g Rde] perceptual system Fio
S8 Stimilig Wethe A9 Aoz AWy

perception A& o]&d uwlzbA t]xlojyr} <9 51 7]
B el ® uAl HEE /A il Memoryel A
= episodic memory(%d )9} semantic memory(X]2)9] F&FS W=
o2 4#A Ak Yty rt £ AYS Y 52 AHHRER

Lol Aals WA AnW o R e $4e e} /A
E_
[}
A

1> o
o

ro2l oo oy
off
-
¢

X o¥o ol o fo ¢

= T
A= A Aol ggs wherh = 9oF A4 e JKH, Artifact
ReferenceE 3] =7]& Stimulix tAlelyel 71e Adx
T4 #ol vk wEka, B ARF Al Memory® Q@S WS

5}3F2] perception #4S EFFA| AL s},

Al 2 A AAH B HAQ] A A ideation
73
Boden(2003)2 creativityE combinatorial creativity (Z3%4

%21749), exploratory creativity (4% 9]4), transformational

creativity (384 o)) 2 EFSFTE. Combinatorial creativity s

A7 olojtoo A AFal Eold ZFtolu A4S wEUE I
ot} Exploratory creativity:™= 543% 7/1d% F3F oA WHolE
A= Fgelth. Transformational creativity® 7IE4 - 37H9

s T

¥ b
18 Ao

1
k.

S ECF
=

=



AR s Txsehs o]t
Cross (1990)] wW=w Tixeld] e 94 54 FeolsA
2AE Adsts B % =
A AE A
A o),
Aae Felee Agse Tl o Aze ololriole
Aurakis 244 o] thOlteteanu, 2020). Felels F9) 5ol ¥4
Aolde 77kl Anrk T, el 1 Anst ojws
Ao Qe g BEAdde] wWee wol Fejeld]

o

-

o
N
_L4r-1

ox
o

Ej___l

=
2
ER

fbv

iy,
i 1o rﬁ Moo 2
rUO

ol
_

g FEZAAL W Ae EFAMo] T
1 Aow dAREA gRs Fesd. €4, wed w o
setd e e u ge4 Rops BAl A 9 F

7t} (Langley, 2000; Klahr & Dunbar, 1988; Nersessian, 2008).

maAze Feyel wgdd BAT + Ak @E, FelHe
© i

2.2.1. Goal — Action — Evaluation =¥

Norman(1986) 54 S12< 918 29 a3 #Ase], (23
1119} o] Abgal @E AF M4 @A =R Ak $4
407 SAE (DSEGoahs A= Zolth 1 thee APe
FaA(Action)dtr’] s (9% A DAY #4 AF DFAL
Aol A wAZE Ak #Ee Z3E F7HEvaluation)str] 9l
AR A A8, @ 4, DA BT 0 ewel Basd
| g kel A wAsh flew 747 oj| ouelM FEL
st A 9 BeE)

19 SEavk



Expectation

Action
Specification

Mental Activity

Physucal Activity

Interpretation

[Z2¥] 11] The Seven Stages of action cycle (Norman,1986)

2.2.2. Problem Space - Solution Space =2

Alan Newell?} Herbert Simon(1972)2 A4 Ao st HrH
Al AL 27 AFARY. 152 A4 5]17‘%% A Y] Z=(

A ZAol tig A (HE AE) Abole = 3] 9l
s HAskE Zom Bkt o] A erxgoﬂ A BE 39 HiE
dAste] 8t Newell-Simone] #4 a2 Hyel A gojx

[3 1]3 2

[ 1] A siAe] 38k Newell-Simon A+ W2aleo] d14l go]

Initial state A AIZF AlY] =1

Goal state Aol oigk &4

Intermediate state | Al S| AS 9gt 7F GAZF gu@ $o] AH
Operators TAE § dEHdA e JHE veE dE

Problem space LAE AT o BT e e A

Means—end Z7] Het BE GEe AolE Folve RS HEE St
analysis = A A Uy

Subgoals 3o o 7k 3t dEHE Y] e A2 53R

Larkin & Simon (1987)°] w=w +
meb JAA WF-e FRstE AAH A 4]
R 1= ] Mds "EA T T
hypothesis)"(Laird et al., 1987)¢] <Xo]t}. o] 7}"4-9- A &AL
Aol EAlEZE WE T oEHN o]Fo% 7o =

20 . H “._ 1_'_]| 'cf:]r T



ol

B3 2] A 3£ 0 7141 z2] ol A e
hAvA

>1|E rO

# 8 (representation), X 8] Z=ZA ~(information processes)
€& Jbss Ee AAoer FAHET. A4 siAA AU+

ZHE BR7HA SREE AEE oYl A FolA dEsjor stEE,

A ke A7l EAY dol=o dig Fad AR adlolt

(Newell & Simon, 1972). o] A7|& AT A2 Fo] S7hge] wet

slolxith

Dorst, & Cross(2001)& [Z28 12]9F #o] ZFAd Al

Ho)g e HEHawE £TUL e o) ofe} EA ¥

(e
LA S )

T AE

54 Fgolgk= 7 7HA id A gAl w3 Atele] 74, 4 3
H7t ZRAEE AEHoR2 RERSHEA A o]sjet EFAo] g
oot & A /Eetal et Ao R Arskalth. HAQlol A 9
creative eventi= wAA &£FH O 29 'creative leap'e] ofugl 4]
concepts I8t Al I3 EFH FIE Abole]  'bridge'E
TE5ote= Aot =, Al Wi EFAHE AAc, EFAES

BN BAE WS Bl A e A4S FHAAA HEL
A% ANom ATHHE bridge TEHEH= FHe  FelHa

[¢)
ORI Ee 57 A5 WS U 0 Fas,

Problem-Space
Dimension

Solution-Space
Dimension

P(t) initial problem space
P(t+1) partial structuring of problem space

S(t) initial solution space
S(t+1) partial structuring of solution space

S(t+2) developed structuring of solution space
P(t+2) developed structuring of problem space

[13 12] Co-evolution of problem-solution (Dorst, & Cross, 2001).
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2.2.3. Convergent — divergent &=

Campbell(1960)& #Hx4 g9 A4 Hste} vl ws)A
ghQl= Wol(blind variation)¢} ¥4 *|(selective retention)eh=
7HA e e el 2dd Ath= Blelth. Campbello]
21 WHolE AAste] A S Hole 22t wo] A I oA
gsto] T4 F3HE Sols %ol B dasit
Guilford(1967)& A4 FZ%(the Structure of Intellect)e] Wt
A4 (divergent production)e]gh+= ES AFsty, ©e sl
Solutiong WA ®Asta, g @4 A9 A LAPFHOE
ArEAl olFodga Aweiddth. H4 Alal(Convergent
thinking)= =L Wil = BEHQ] Q1A sH oz, 19 oAM=
ddde]l w=EA wAE Hol AAE AAdste AAHES ov|sie=
o

lolgitt. Fedon A4E £F4L we A ARe nHew

R

o 84 o
10 o

¥

02

A3 A T4 %Y}, Convergent production®} divergent production<
o1 %] AAF FE o] AW Aol (complementary) H-Eo 7 FFEHETE 4H A
Ak dbxbA A Ao 33F Guilforde] PS4 323} creativity©]
sYsttta FAe

9=  Design  Council(2005) MEet gE gololE=
I Z M ~(Double Diamond Design Process)[18 13]& HdkAk-

% (Convergent — divergent) XZoA &HE C]xpel ZRAA

O

Rdola FAE © FRHASAU ol ®©E oh(EAE Aban)
T4 Ass Fste=(FH94 Ao Z2AZzoltk. AZbe 4k
FHS WEse ABS F Y delolZ=E agw A ¥A
Clolopit == Fxa]  F7H(Problem Space)S X&d3stu F WA
Cloloplt == £ & 7HSolution Space)S &3ttt ¥A(Discover),
Aol (Define) AR FAE AHYstar YA EREE FHAL
1 (develop), Y (Deliver) GAIE &3l 745 Altgict

22 SEas
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PROBLEM DEFINTION

PROBLEM SOLUTION

b
R

Potential Solutions that Work
Solutions & Receive Feedback

Insight into
the Problem

[72¥ 13] Double Diamond Process (Design Council, 2005)

Scope down
the Focus

2.2.4. Generate — Explore =4

Finke et al. (1992)+= [2¥ 14]¢ %] “Geneplore’ &=
creativity E @S A5k tE. Geneplore=  ©Hof “Generate” 2}
“Explore”d}= wole] Asfolnt. o) ¥l o] A AAS A
HGE WHEste] wESAYE e HAH Y EFHol wHE wi7hA
EFMol FAHAHAY AMELE EFHo]l et A4 (Generate)
Al A= At AFe whel @ FZ(preinventive structures),
= olm A, WA 53 ZE ofolro] o] Aok g, EAl(Explore)
Ao A ofoltiolE S f& W d FERe Eod Tﬁﬂb‘}ﬁ
mental synthesis #AH& FastaL, 1AM wlustal, AWES
gkal 7]ofo] Ay gkt

A HHLe 71 FHAM(memory retrieval), % (association),

3tA (mental  synthesis), W& (mental transformation), 3%

rr

N

Zo](analogical transfer % W% 3 (categorical reduction)o Z
3 gA 3pge &4 2| (attribute  finding), W@ A A

(conceptual interpretation), 7154 F&(functional inference), = 2%
o] %= (contextual shifting), 7F4 E|X~E (hypothesis testing), 3+7A &4

(searching for limitations) 2.2 &3} t}.

Preinventive
exploration
and
interpretation

Generation
of
preinventive

structures

Focus or expand
concept

[1¥ 14] Geneplore Model
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AR ZrAzeL B ZIRAA BE EA e £33 E
Hole s BixE v a2y eks Hele A fdx: ek
=0l = Fasith Stempfle & Badke-Schaub(2002)% ©]v]
gdd A4 S £FA FHE F3)7] 98 Hlil(comparison) 2

M (selection) T+ 7FA] 7% Cognitive ProcessE F7F=2 A <Hs}it}.
tof, o S 7Zlsol BvlFo] Hlustal ololtjolE dE g,
Hlael Ades F3 gy gAS Fa d8E A 32 UA

Benami®t Jin (2002) Geneplore models HFE O 2 A~
gApel g 9w "l JHA e #AE Adete A A4
tapelel Q1A mES ARFe AT 2E 151, HARl A= YAl
artifacte] 7]+ T4 8&olth AA ZEAA A dA= HEY
AMMR), Z=F(A), WIH(TE), &2 dA9] A &4 (PA), HZ2H
BA(SA) R o] FojALh X TRAz T HA AAE APoR
7P QAL YAl A A Aot o R4 3 (2R, CAD &3l
AlZFst 2 S)ol vk HARl AYS Fd wEold AR HAel
AAZE GA HARD JIAE ASETE o] Framed T83% 54
t]zkel 7l A (Design Entity)7} A<l o)z AL 938 w2l
ol

Generate
External Knowledge
atwpz 1 Entity
~N

Design

O;E)eel’zlt?gns Generate Operations Internal Evolve
i Preinventive
ProduceTT ED:t?tI%g Entity
Produce
Creative

Cognitive Stimulate M,RELD
Processes MR AS Stimulate Properties
TF PA SA

Cognitive Processes

[Z13) 15] Cognitive Model of Creative Conceptual Design

2.2.5. Object — Action = ¢

Takeda, et al., (1990)+= [Z2¥ 16]3 o] Yzl HAS (1) A
14, (2) &5 Ajb, ) A Hd, 4) F7EeE 6) 48 5 5749
514 ii/‘ﬂii TSR Htoly o Q1A dEs ad T wf tApl
ZIrA2E F 7HA Levels 72 4 dth dhvb= vAtoly 7t tApel
WA A Al el B ZFsk= Object Levelolth. dl& 5o tAQl 7Hiﬂ o
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&

H &£A4do] glom 54 7oA ofwA AEsh=Aol gk AlaLo]th
& sl dAelyrt Aol tAQls ofd A ol A, =
woll Fol& soF st=A5 AZAsk= Action Levelelth HAtolH =
FO7HA FEY ALE ARESt] s AESke] A HAlE
=3

4o L2

Og{:‘s
rol

Object Level Action Level
( Awareness of problem

Decision on a problem to be solved

Enumeration of problems

.

-

Development

)

-

(
(T uoeton
(
C

Evaluation
Evaluation t firm th uti Evaluation to know what is a
valuation to confirm the solution problem in the solution
| 1
* Conclusion
(Decision on a solution to be adopteHecision on an action to be done n%
g / \ J

[13 16] YA}Ql Abal 3o A Object Level¥ Action Level?] A5 #H&
(Takeda, et al., 1990)

2.2.6. Memory ¥d tjzxel =l

Suwa et al. (1998)+= 217Fe] Cognitive Process® E0]0. = AR =
HA o2 Aed ‘jr% AztA o g el oqujA o g AeErtal
sttt t zfo] 1 ¢ RACES & 2] 4 (Physical) ArtifactE
A ZF(Perceptual)3} L, Semantic Memory (7] 54 (Functional) 2}
7N A (Conceptual) E3hell AAstar sjAstal &4 oz R+
B o R, P52 Physical, Perceptual, Functional, Conceptual, U]
ZHAQIA e EFekal (2" 1713 Zo] HARRl #HAFe dFES
st o5 F3 uASl #HA Hpelyrp A4lel HiAked
Artifact (=712 )¢ A A o2 Ao 2gsh= WA A48kl

26 = A&t &



subgoals of G|

physical

[Z1®] 17] The relations among the design actions (Suwa, Purcell, & Gero,
1998).

Huysentruyt et al. (2012)&= [19 1713 Zo] /AA] ¢ #7449
ol &% 2dS =3 W X7 Input-Output (Long—term Memory©l 4]
Short-term Memory®) ZZAM2~E AWt 7] wEge Q=
CAQl task ¥ A XS DAdstetar @] v Eeo] T4t Taskol
we @] Ry FAEes A, £H S
ket oAl task et FAA LA Sl
W&ol &7 W TFEAA MR A4 o] A

Long-term
memory
(Cognitive routines)

Short-term
memory
(Constructs)

Long-term
memory
(Cognitive content)

e INtegration/learning

[Z13] 18] A Model for Cognitive Activities in a Cognitive Task (Huysentruyt
et al., 2012)

Goldschmidt(2011)+= [ 1919} #9] Designer-Memory-—
Stimuli®] #AE AW 3li= DMS ModelS #|¢H3F3 T}, Designer &3 &
Flexibility GEAl ¢} &F4& Til-FHsk= 59), Sensitivity(Stimulis
A 8= 9), Visual  literacy(A1Zts} g &sh= =9),
Expertise(7}A] a1 &= A& A2 H= FFaAT. Stimulis A

26 = A&t &
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fo i

zZl &3 2d #AH 9= Within domain¥ FHAH o=z AKX
9= Between domains Al=22 #7353, Memory: A A
AbElo] 9l distributed Memory9t #HE  Qurt e =

=]
AANAY 77k 1Al A& ¥+ content addressable Memory =
=]
P

O

f

stk dAelu: AAle) SEe FEAA el AW AT
1

o
LAY mI

< WSS Aol o] Memoryell Sl wiE-ol F-eA|aL
< o @A AAEY HAaely e sEe] FdEh
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‘ P Limited interpretations \ |
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1 REES FASE™E (DY &1ke] dhde] tigk 2

@Y Al i Pso] FoAgel gk 2d, (3)Stimulis A skaL
2d T A 7 fEoR ERE ¢ ATk

ko] Ao gk 29 (Goal — Action — Evaluation 22,
Problem Space - Solution Space 22!, Convergent — divergent = @)
s Fel YAl A A HAHelM HE, Al X, EF
sxro]l A et B s Ae o Avk dRkH
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| 9] Aol MAHE WHoR
ook gk el B FA3t B
FOuG A @ A, F

T L A 1)

oo 9,
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%0,
[o
_EL
i
Ir
Zi
[‘l
=
o
o
sk
b
%0
ui
a
_>|i
o U
fu)
o
& o
Og{:,“
fr

EHJ l?_%_‘ (Generate — Explore X9, Object-Action

S tjztel Object(Entity)9} tlAFel Processd #AES AHdla
ozl &zkel v Aol el #A Y Objectol] Wik
9} Processell tig AbaLzl Fasith. Memory & tAel mdle
S et Stimulis AAEA #H Memorys A3kt
e

30 fd ox R apr of

>
=

oﬁoﬁ,‘i’}i}__ﬂmﬁ‘; folr oxt it
FO

Hoox

o
(D YA E32, &4 &3, &34 a3t o5 s dAE
argfefop shar i IpAeA Frbe] Ab-F whEskes (S F 6
ofojtolE AAst= A& FHaoF St
(2) YAl 4o A Objectel]l gk AFiLe} Processel tfgh ARaLo]

HAAE sioF ot
(3) gxrel xas Fdes= FAS Aysty] Y3 StimuliE
#AA8kal MemoryE €448tk A4S arglsl|of gk,
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A 34 A ANl olgH nF

Alexander et al(1991)& A A& ... 709 AR, 7=, 48, A
2 71 RSl Ajaretar ekt

AA S ARt g st oA o BAs LT K= A
Alz=gloll AE = dARE A AL QIZtel Al R Eoe] Ak A
FxE g AzAA 9otk (Friedman, 2000). HAXRE 27+
Atz A9 'input' Fell it AA L A2 9] ‘output’ Foll Urkar
& 7 Ao

AR Aol digh B2 Aol Aol Al AAS oldste
8% #o] Ud5S FHWaAHLarkin & Simon, 1987, Goldstein,
2014, Kovotsky & Simon, 1990). ©AF1 Foke] ©2 A5(Oxman,
1990, Schon, 1984)d% Ao wist olaiet Tz}l tiitel] sk
A 2ol Aol HARelel] g T 83 JFS 7t s Adeta

(e}
A

=1 ISR P 1

fllo

A 1A AN B

AAE ol B o R Hiipo] wet ofe] ZRA & WHel v
2 AFgAME YRSl A4S TRl Object Knowledge$} Process
Knowledge® E#{3tcl, 2 =Fo] A3 Object Knowledge®}
Process Knowledge® 57<& olsista Mels 1 ats] st7] <3|
T Tk A B EWe a#Eete] 4 EF WRE (ke WAE
A3t YA}l Object Knowledge®l Process Knowledged] 54
W& Ao E AT

3.1.1.  "WAA A2 (Explicit Knowledge)® ¢4 (Tacit

Knowledge) #]2]

N

Polanyi(1966)": 2SO 7FA A WAIA S A A (Explicit
Knowledge)®} &2 %] 2](Tacit Knowledge) .2 FE35+g . &2
A& g5 APS Fote] JJAA F5HAR HogE =y

BEfel A Aolar, TEAIA A A2 94 2 FEHA oAy Atgo]

% % gle Adelnn Bk WAH A R o) Aol

]/\1

A

AN

o 52
o o

29 f':lx_i 'kl::.' LH
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Z1 ¥ At} (Schacter, Chiu, & Ochsner, 1993).
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=

3.1.2. AAA =24, AxpA A2, =714 A4
Anderson (1982)% A& 41913 X2 (declarative knowledge),
a4 A Al(procedural knowledge)®} F7A%  #]2l(Conditional
knowledge) 2.2 FF3F3 ).
A2 2 Ae ‘Knowing what' O &2 AH3sk 4= gt} = ddojx o=
M 55 AF g
2 ‘Knowing how', & &3 YA Hes dss
Fasts Wl oigk x4 o|t),
2 ‘Knowing when, where, why', & oj® Z}slo A
AHA A A g AREsh=Al ol T gk x| A o

il

TAME = 9= /\}/\E]

’

A AdH 2 A
AdH AL B Holm A4 A3} AR lﬂs T
EA QN Aot AaA A4 Eraut(2000)9] Al 714 HEA A4
EER R

= -
Fol Al Aol AN 244 AL ABA oA

3.1.3. A2l A A2 (Object Knowledge)d} t]jx}el T2 A~ %

2l (Process Knowledge)

gzl A A2 trpel thite  #3E %A (Object Knowledge)¥}
Ozl 2 Ao A3 A2 (Process Knowledge)o® EF&
2 tH(Chandrasegaran et al., 2013).

Anderson (1987)2 A& 949 A2](Domain knowledge)¥}

J 2 M|~ 2] 2] (General process knowledge) 2.2 /{3, 9

N

AnA

A2 A gl diE AAdH AHola ZmAls AN Y
YA AeHd AdE s A7 L w4 dE
eleta Adrsigith. Ul d9dM= dAd a7 AR, Tx
el vd A, B4, 7%, T, Wi #¥d ggd A =4
e Ul Wl Wd A4 AT s UAAT bnt Abgahs
g AYem Ay 5 i, g AR, gAl .28 dEske
A3t 27 T A AL A g A AT 9 ARgshs
Aubd TRA| 2~ A2oz A 4= gl

Gero(1990)« YAl o 7|2 a4+ 7|5 (Function),
&%= (Behavior), TZ(Structure)® A 93tHTF Umeda et al.(1996)=
tjzpel At #E #21& 7]% (Function), 7]% ## 3J% (Behavior),

31 "-:l:" I 'kl-.|- 1_-li [= 5



gso el wWsket AE (State)®  EF/SFT Tialve(1979)%
gzrls AlEe] FE(Structure),  FE(Form), Al =(Material),
Z+(Dimension) % %W (Surface)s ZAAst= AAFoz AWl
xﬂ%gl T2, gH, Ax, A5, xWH} HFEe= Y (Appearance)ol

= Aol Al TRl oidell gk A 2(Object Knowledge)S 75l
gk A2, 5 EH gk A2, e gk A A o= FFI
7t 2l (Process Knowledge, Kp)2 27%
71 = fiﬂ% “ﬂrxé v A Aol opd QA FAol| #E A 2o] Tt
FasA (Kpl) A5 Abzel digk o3,
(Kp2) A} ;‘éé S sk A, HAl @s FHebe dd# (Kpd)
o2kl 94 e Wy Hy S e

Grecu & Brown (1998)& ﬂX]-o Ao A YApel @4 AE,

o
of
I

L
U
Y
HH

o] W A #e AAS (1) §54 A4, (2) gAQ w7
Aot AEE Aok Aok diE Felxd, (3) vl 239 A
ARel 27, "l w1k FEA ) gAl 3HE, 6)
gzl &, AA 2d " AR 24, (6) AW 2 S, AW 2As
¢t Fel=", (7)) AMZ(preferences), (8) A&A<l tjxpel Al
A YAl ZEAAR R

=

Z+ A R oaEa B Aol AHed txel  Object
Knowledge®} Process Knowledge®] W9+ [ 3]3 #Zt}.

[ 3] Design Knowledge®] &% "

a7A A %

Pol . Explicit

(109361233)71 Knowledge Tacit Knowledge (54 #4])

(A1 A =] 4])
. Apgra sy | AR S
raut _ E8= _

3} oFE- A o) = ;dj_x-lcg‘ 3] =

(2000) n/a . __‘_ﬁ = 1w ";l?:]—%:l—é‘]'% = = g o
ot HEHQ 7.

Anderson | Adld x4 7114 A4 Knowing AR A A

(1982) Knowing What | When/Where/Why Knowing How

And _

Qosry | 39 X4 Ak T2 A2 A4
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E a3 A2l Object Knowledge g &}¢l Process Knowledge

realization process
knowledge(t] knowledge
Van Aken | object knowledge(t] =2l tjAlz} A1 (™AR1&
(2005) | Amel %4) AdaNAD | AL
w7 SRR
X R A2 I A9 EA)
o o] -
Cross Design Knowledge in product(3 ©, ggeolﬂe(ﬁ Z}O]Lﬂf] ®, HAl
(1999) ZH A gw o= = —“O]’ o H o), n
= process(H]ZF1 W)
Gero Function (7]°5), Behavior (3-),
(1990) Structure (F+%)
Umeda. ot Function (7]%5), Behavior (7]
X #d %), State (5ol what
al. (1996) W st A
. Structure (7-%), Form (& =),
Tjalve . . . 2
(1979) Material (ZHE), Dimension (X]47),
Surface ()
et g AR A 3, TRl A,
Brown ji}(ﬂ 4% =7, g sk N
(1998) 54, Q‘XP"J W, fzRQl 3],
oAl A, gAgl A Ak
.. general
Popovic domain-specific knowledge (DSK) goal—hmlted strategies (GS)
(2002) experiential knowledge (EK) (ngsgles knowledge
interaction.
Eilouti Precedent-Based Design,.
(2009) Precedent— Based Analysis,

Precedent-Based Evaluation

A 2 A Design Knowledge Representation

A4 Fde AAS ol Ta% FHoRA 1960d
McCarthy7} H%x=2 A3 A5 wofollA AFE A|ZPA v, 1 Fge
Yzl T2 M AE et W Fofg gy Qi)

—

r
o

Hewitt et al. (1973)°] <21-&As Agent Model®] Hx HF<l
Actor Model& #|¢Fgla1 1 o]Z o Marvin Minsky2] # ‘The Society
of Mind’ (1988) ol 4] "agent"&}= 807} ALgE 1w Ql&A 5 FHoloA

Bol AgH el Fn Minskys= A=Ale FE2 Ax=z 7A%5=

AAE Minde 22 Z2RAM2E Fddhe TERS Agent=2 FA%Ha
Fdsilt. & Task:?— S A NS T s B Y TR B
T2 A ~(Agent)7F ATh 71 Agent FEZF 7|E T R2AAE S35}
A 22 Agent® ? 33tk olA® YAfelyZE YAl AT o
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gzl Hx2E e TAEE AEssta z2t ZAE A4S el
tael |7t ool A4l 7FA AL YRS 7} stepw A g

Agent 7IdS WIE O R Gruber(1993) A2 & %2 AAES
7VeatAl d7] Yl AAEmE Rl 2E2x 2dS Aers it
LEZAE agent BE agente] FE(agency)d MyE = A sk
Aol 2EEAE BA #oFE Vlwste HolH EHEEAM SAHT
Lokdomain)el  &sk= Ad JiE Atele] BAE TlEshks
Q¥ (formal) 919 HFow o|FojxiL FEo| ALEHTH. (Noy, &
McGuinness, 2001).

olgf gk TAQl Fofoll Hah= N Ui 1] A MeEs ES
OARQl A2 S Fskal A4 HolgH|olAE TR EE Al=T B
Gero(1990)+= 7|5 (Function), 3 &(Behavior), T Z(Structure)?]
#AE AYst= FBS FrameworkE #1983t Umeda et. al. (1996)
7b AR TE, Vs #H d@E, seol wep wsst AE, 39
objecte] IAE é”é‘é}b Function-Behavior-State 22 %
o e ezt WA o (o & F AT, YAl FAFoA et
A2E FE23IY} Bricre-Coté et al. (2010) &+ EH &7 27] ¢
dd AF 849 afF T4 LA AAXLE VEE F Ue
Adaptive generic product structure (AGPS) A]l~®1S A ¢kstA
71558 HolHE &&=ZA Database® 53} AFgAle] MBS EOH
845 FEAA ALEST Jin et al. (2008) Arg t
WAHE Al zHlol= AlES] AT ARE ddysts AF =Ed 2
AFe YuE Arets X Yoy AWE Ego] yigafa Al

el AE AR A, 2, A R HA Jheeith

Owen¥} Horvath(2002)= X4 %39 4S9 (Pictorial),

rﬂ;’é

ol

1

I

O

A (Symbolic),  Ao{(Linguistic),  7FHd(Virtua) %  <agls
(Algorithmic)®] ©A 7F# WEZ  EF3t}l. Chandrasegaran et
al.(2013)= [2¥ 2017 #Zo] YAkl Z2AM2A S5 7oz Azt

B3l wet ZF @AM AR HAY AitE = vhsE FEY] A A S
sttt tapelel 7] @AM A4 £dl Aol a1dHS Hol
AREE T, TAQL WA A A, 7MY 2 daElE T okt 238
o o] AFEHI v B dolHE FAHErl Jung et al. (2005)=
taelq el Viewpointel]l w} tRQl 38 HEH|Ho] HolHE
AelaiA #efst= DIF A4 e A =BI(DIF-KMS)< Al¢tst3itt.
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Requirements || Functional Concept Embodiment Detailed

Design rocess
8 modeling modeling Design Design Design : /
End of Life
Reuse value (L)
Toxicity
3-D models (V) potential (L)
Sketches Structural Use
(P) analyses (V,P) | Service records (L)
voc Function- Concept ?roduct GD&T and User
X (L] preakdown sketches architecture detailed complaints (L)
Requirements P ®) (5,_P) drawings (V,L) | Failure reports (L, P)
(LP)] pecision | Solution Material | ill of material (L, S) Installation
7} House of trees | principles selection Material manuals (L, P)
Knowledge quality (L,P) (L (A) details (L,S) Manufacturing
required for (L,P) ’ Ontologies Mathematical | Manufacturing Process layout (L, S)
design (s) calculations processes(L,S,V) Produ!tion '
foresight (5,A) Life cycle plan (L, S)
analysis (P, L,V) Inventory chart (L, S)
Supply log (L, S)
roduction log (L, S)
-

Mostly Pictorial,| L
Mostly Linguistic and Pictorial Symbolic, Mostly Mostly L|ngu.|st|c
X ! Virtual & Symbolic
Algorithmic
' + ' ¥ ¥

Knowledge Representation
Legend: (P) pictorial (L) linguistic (V) virtual (A) algorithmic (S) symbolic

[213 20] Knowledge representations in product design (Chandrasegaran et
al., 2013)

o] 2 E]X}OJ HAGolA FHAE dHolH= =84l Artifactd]
=AstH, <AL Perception ProcessorE &3 AL
Memory®ll 91% Aom  AsAeA AAowm dgksiar, AHIL
FAE ARESte] HAqle) ZAlE A Al Al input® T

71E AT AlE S dAYA gl okl HAkdl 2
HA ol AF Atol=, Ve, T7E, Ve, s T2 AHe 7|ES
& Aol A AL 4+ JEF DatabaseE FEHS= A7 @A
T2 Object Knowledge®] ¥ &3 Database o] tgt 9]
Process Knowledge® =21 FEdo] o3t A7} F=35, 24
553 A2 Database 753t IS olalstr] s A4 AAA
ojE& uZd davt gk

o o

(R

K

0

o
oy

A 3 d A9 JAAA 3T5 o] E(Cognitive Learning
Theory)

A A 8tF o] Z(Cognitive learning theory) E5A7F 719 SrollA
e A T dolus ofF A APl #3 ARE HEsta
ZA3E AAFERE FATo g Shgo] dojdria Ha Utk
SEolE ARk oAl W FEAQl WA= hEshA
stgol dojus s Asks Wit



7190l #AbE ARV AA"TE JiEe 1980dd ol F
%] FSi et

AAFH HZL o] input unit, hidden unit % output unit

H UEYIA BAIEZ Jidd did FHRIF unite] A

digstol] ofs) UEH I FAIETL At AW REL QI
Hol| FxbstAl AAE e Jf oo AW @A A A

TEE AR dAAHn AsAEstdA FAHRE Aydtes AdAF9

S e

1

W Ry olgom 2

¢

2go] ZASA Juk A2 gE 7|98 g9gsts &9 2459

Aizel ozl pmel wabse] AgHel x AFel  olsiA

A=A ARZE IFEAY AERE Ads ddd
[e) a}l

UTHRumelhart et al., 1986). 17teo] BERE A st= A 4l
weo AR YodH AHARIE UE s 7jod A =
© A AR AHPeh, JPEAR] k=50l AMm A
= R AR A7 29dfle] WHEE v (Barabisi, 2003). ©]

S #E B4 A2l (parallel distributed processing, PDP) F -

N e
oy,

_l

i
rlr
(o,
roo

Walol gl gk

A4 HEHAZE 24387 & unitolA HE wnitE2 AE¥ =
WAS AAske 7t A 28 Edele AXA stE ZEALE EE
4 el digk &npE A4 S gt dAF HEYIE
ol dukstE AW = vk FARRE Vil AR si|Ee] QL7
ol g Y HA4e dXsteE A&2Ee FdsH & 4
Adel dist ARE AFEYGMcClelland, et al., 1995). AZAF9]
UER Aoll= A% 7Y A9 ®BE SHES AdT & v B2
715l Atk RIZEY] W 7]oE AHHIE Az WHEAo=E
A4 sto] H A3As dagFol /e gt

o wr

S fAbR Ao "Agent'ehiz He

AABFR L, Minde A2 ZEAAE Fste TES Agent®

TAEG Aygelgtt. 3 TaskE 3357 Y8 4 Bx7F L
718 Agent’7} 2™, o]= AgentES XSI5Fal tial AWk Aot}



Marvin Minsky® ZIE Agent’7} A& A 2 ALESE=
AWEtr] el (29 2113 Zo] K(Knowledge)-lines 7]¢]
Ajtstaltt. £AE sidstAY 719 ®g AAP)S & oo Ut
A AZAZ K-linekP)o] A7]al, A=z #AQF W
hgo Al ojd Rito] deo] AEPA =AP)E @t FAska
K-line(kP)& &AstA7]aL &4 fZetdA M= K-line(kQ)o]
A7 E T,

MZE AP A wolo) 7]1E K-line 28 2o Al 2¢ K-line<
g5t 4SS o B2 K-lines §FTo=2H 7|E R4S
ZI9kgk thekgk ook "AzE WH"e]l eES SETh old om|oA

Z s
A

o W

l‘lﬂl oﬁ

mL
r}i 2 X oo

71¥ K-lineEy%
o] 7hsAdol E=old

[19 21] 19 20 K-lines 7|19 ©]2 (Minsky, 1988)

= &9, vk HARl A Eor 2 FHi(a), v
7% (), ¢ 2EdU(e) s #T™H K-lineo] FAAT + Jia o|%F
b2 HARRIY FARRE AH@)e] e HE AAEE =
FH@E E&for 3 R tADs & W K-line(a)E 243}tstaL
wAll wel K-line(a)dll e A4S WA, 378 A A4 A4 5 &3
Al K-line(a)& A7 gt

Toptsis®} Dubitski(2009)+= Minsky®] K-lines ©
A3 #AS} A-FbE AHAES S AAESE xERete ¢
29 Artificial K-linesE AT A28 AP e wjelo} 7]&
K- line 2ejZo] AMZ& K-lines T&ste] &84S 30 o B2
K-lines Sddo=H AdeA o] 7| A2s 7IRkgE vekeh dijh
"Bzt el s9s Gt g

lfa

>
5
1

o} [‘HU
flo

ot ofgl ojmelA Yl AAS &
ot A2 K-lines A7] o]8]dt  K-lineSzZ T+AdH
dlolelrlo]~E A& A&HHoR gt oA Ahae] 7S
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3.3.2. A2 ¥HF3H categorization)

7Fel a2 e] (Category) = "R 2Jo 3t SlE"o]th(Yamauchi &
Markman, 2000). oJ® ZHo] 7ieHlagd £3vpe= AS <A 4
TAe] dieE] B duk AERS oA e o] A i dis] SEg
A& X]qu}b o dquAE Jsd + Ao

Foto] gk HHLS A9 H<tH(definitional approach), ¥3

" b

@Eﬂé(prototyplcal approach), 9A] F¥H(exemplar approach)©]
AT
2o Fheargoll = BolE WEA v 7AYol 3o Q7]
wjoll HFstel ik Ao HEHS AEohA &
A~} )

4> 54 AA7t 54 JhE el
A sk &g FhElae]e] wWElek A
o ZEREEE Abge] A RAd
watgrows FAdrt TREESE] w2

Aol AL ( a) 7}511 2ol = AMAE w5 FAFsE (b) 7HA Ol
e A2 AEsA ASE A, (0 Hzx= HEHY, 52 (D
[e)

Aol gk 55 ZhElarg]e] od "' AU wvHA, 9
Awe dig ZFodls A424s dAda ot B2 dr7F =3
AAl= Ao whd Fheaee] A FAa Lol mEkA, v A
A, =Rl ERAo]E vt Aol gl o5 ZhzhE A" SRl gk
AA7F E Aotk

ATAES AFEES HFsto| 98 HHH 4 JA3E 7 7HA
A WAs B ARESt L gt AbgEo] ghdlargle] thal A&
iz o] ZEEESe] © T8 F i, vsdd 9] AR o
Fadd 4 dhMalt, 1989, Minda & Smith, 2001)

AE7tE ddes 3 Ao m=d 279 712 52 A9
A A2 ol e debd =

olggt #AolA Oxman(1990) TRl &2 A2 HH(a

dynamic knowledge-based model of design and creativity)S
AL TR A4 1A, 8, ALgsHs ¥ f-9 SKtypification) 9
A Rks}(generalization) 2 A7 3} T
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dnksh= WEe 9] Prior A4t dAA717] &) A= 2AYg

Asrs FAF3lele] BH{3tal Prior A Aol accessdlis EEA| 20|t
2kl Ml (precedent) F@ = B YAl A4S access 7HsaHAl
fraststar wWREd R AFse ZEAzoW, Tl Hi
T AR oAkl e EuE fdsEld #A #Ady
A7) = ZEA 2o T)

WA AeM AL OA] AAe HAMske FgLS (a9 22]9%
(e)

2ol YAl 3, sy Adxs dutststa FPstEA wWEE
A FIstE EFAHAY A AA7= Aoz AW 4 Qlrh A
HFtH o l‘%v‘i‘ HH % 2 QPFA F2, cross—contextual "fH  0H

Gapoliel Aele
gAl AR ol HA
Aol el Fad ol

12
%
[l

H

CIXel 28

HotE

o

!

=[]

detgl

40
iy
o2

715 oY

CIxtol |

(2% 22] A A3 A4 545 A7 348 Oxman (1990).

3.3.3. A=At HAAe] FEAE

A

Nonaka$®} Takeuchi (1995)2 A2 FZE 3 F/d 7MY =&
AdA Foer  ba(EiEte ANdEs AAsL xR AAHES
AA AT 28 23]. Nonaka and Takeuchi(1995)0] w=w, A2
A2 o] AL WAA A HEA A4 Abold] e AR UAdd
HAolt}, A2 A mEEe SECI(socialization, externalization,
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combination, internalization) X 2lole}il% st ALg] st 9§35t A
2R 3’2}2 etk AA, ARSshe EA A A dEAE
1= IAolty. Nonaka®t Takeuchi(1995)& A}3]3t=E
srdE BA 2 2 Tled Ve 2 454
A o7 dAusiitt. A AAS "HHE, BN

2 ARUE A Fo"E Faf A A A

] 5
Atk B, N A AN WAA A
1)<

PN

T

1

D)
1
mlo
ol o%i
do e o
¢}

[o rir

o
jued)
O [Ul 5
i)
fr
=X

)

L 1l O X rfo of rlf Hr do oo 2 1>

o ot it

l

o
o,
ol
o
O+

) rr

=
>

o

il
ol
_l |
ol
[d 1
ol
20

= Jﬂrﬂ"ﬁ— ﬂu}fﬂu} Yeh et al. (2
AA NN &2

¥ o o XN ax

oty

(il

O -
N
1>
N
rf
Lo
Io ue
b
Hu
i

of

o
X2,
_\1

BN

Y

o
=

<

T

It} (Nonaka, 2007). AA, %3 gH HuxA 9
okt miAe] E=8S wol fdS A A]xEo )
e AAHS ouistez WAl x2o A WAH Ao
Ijf(Siu 2006; Yeh et al., 2011). o]& &3] HAA A2 HEA
AT (Siu, 2006). Aoz WA= 'Yl 93 sHEF

sl 'WAY S dEH AHor pFHdE= HAH'S
] gA1 A A AS Yydsts 4 o 5 Aoz HEkst
F doh wEg A A A 2he ) 7] A7 2 A EF o
Ao Zgshr] wEel] WAlH A Ay dEH X Ho] AR A3

4
gale] At obd e & 4 gk,

1‘
0

4

e A48 wAR Aoz LA

i

]_

¢}

My

2
ot
ol

sl

2

Rest-ofworld know-how

Learning by doing

g E Dialogue |
| is 5 s - |
3! Tacit Explicit . !
el I o -1 |
8! +, Socialisation Externalisation - !
= % » \
H e R
! 1
PR 3 s |
1 a 1
| g !
1 c 1
1 g -t 1
| = w
S
| 3 =
1 3 1
E 5 |
| g
1 e 1
1 -— = '
1 e - 1
H o !
1 u><_| 1
i ~ . :
E .- Intemalisation Combination "> i
H < :
1 ’ ~ 1
H . s, 1
X 1
1 1

[ 23] Nonaka and Takeuchi SECI Model (1995) . :
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Al 4 A knowledge interaction in design process

3.4.1. A4 dg 2

Sim & Duffy(2003)&= H A}l Ao o] A2 A3t a7 24]
= Algtsialtt. gl Hx2(GA)SE #E AE= A A (Input A2 (k) F-H
AlZbskal Hxtolyrt B3 dAdstr] fsl tAel As(Ad)S FH g o]
HAN A A2 A3k (Design Transfer)o] LA AJEL A2 (Output
A2 (0k))e] A ET. Sim & Duffy (2004)= 715 Yzl X2 ol Al
2 A ow dekete (1) FAst / FAst, Q#d / #=- 34, (3)
A/ ddst (DAY /24, B)2F / 2F A, (6) drks) / 7(4'3*5}
(7) A HlaL / Zfo] vl & Ay 7HA WS A9geidith dgd
A2 wRg o] AFEIL g HARl ded W Input A2 el % T

(e}
A

G,

l

I, Ay o

I

(227 24] gkl 34 o] #4] A3k 34 (Sim & Duffy, 2003)

k

3.4.2. TR A2 Level 22

Thoring & Mueller= YA A A& H @A levelZ2 &F/FIL [
g 2517 o] level 7Fe] A4 A3k wdlS A ots}hSlt),

41 Al =T



Levels of Design Knowledge Type Representation

Model Level Design | Testable Design Theories
(Models and Theories) Theories | (e.g. Golden Ratio)
Transition C<—>D @ |
3 Design Terminology,
C S mbolic Level Res.'!l“ I Design Rules (e.g. technical
(Explicit Knowledge) ationa Drawings, Manuals)
Transition B<>C ” | |
. Design Intuition, Skills
Neuronal Level Design ' nti
B (Tacit Knowledge) Intuigion (e:gA Master-Apprentice,
Trial-and-Error)
Transition A<>B " | |
A Ph I Level Design Form, ,Gestalt”,
sical Leve Embodied Knowledge
Artifacts 9
(3D Form & Instantiations) (e.g. Bionics)

[Z23 25] Y91 A4 Level 22

Level Ax &84 dHolth Az 7=, A, 7|5 ol dg

2 584 FHZ "frozen""HU. Level B Wb oz Ay AHS
A D2 ABA o dEAQl Aot Level AollA Level B9l A
2 Rz A # AREC tigk YAkl o] 1A S OH A Ae dE g
th =, (Kpl) &3 Ab=ol Wik ofafjol] thet #]4)& AREET}. Level
Ce "92E, a8, A& so8 3=3td vAel A2 et} Level BollA
Level Co] A4 Hsh= HEA A2& AAsteta #4275, 27
gl skills Ea A4 Fdskal o F-ssth. =, (Kp2) HAel 9
Hsh= dA Ho]_]%ﬂjoﬂ gk A2 3 (Kp3)y Akl a4 A9 3 iy
“A 3 XA AFE3L) Level DE HAE 7153 o231 gl
EdE frel 2ot} Level ColA Level D A2] Frame, =2
T o9& Level Co A A& FHg)

Popovic(2004)% general knowledge®} strategy Atole] S124S
s

A]

i lo o of

HR

o 1
(A

T
T

oo

Oft

}31 domain—specific design knowledge®} 435 283+

ol of

Oft
o

171 93l Integrated knowledge connection modelS #| ¢t TH 1
26]. TRl ZEA 2] Z7] GAlA AP E TRtolH o A A
gt ATE 7IHte=m AAS Atk General % Goal-limited
Strategy®] A& AF tAd 2 AHE ARl G ol A EHL
H] L E T}, General design strategic knowledget® 223} ¥ Domain—
specific knowledge®] 4% 282 FE3< 7|22 AFE-EU. Goal-
limited strategys TRl T2 AE T3 X3k Axlo|H, Goal-limited
strategy®] 42 H3x A dFe AHe domain(AlE £ FJH U

Zkel)oll  9]¥£3sl=  domain-specific knowledge % experiential

2 U

: 5 4T



knowledge9}2o] s  ZHgo] Qlt}.  Integrated knowledge

connection model& T]x}¢l TR AE o] BatAo) wle} dabzich

Experiential Knowledge (EK)

Doamin-specific Knowledge (DSK)

Goal-limited Strategies(GLS)

General Strategies (GS)

[2¥ 26] Integrated knowledge connection model (Popovic, 2002)
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A 43 OAA AN FEAE 2d 74

A1 A R F5FE 29 frame B9

270 XA ANl vA EA A4 Ideation Il T
o]22 uzS FI, triggering® & YA}l 9] cognitive processol A
A E = design knowledgeote] #AS Awsly] 9ete] mdo 7] E
frame [23 2713 o] FA3FY T}

Surrounding
Information

cognitive
process

Knowledge

Knowledge @

Knowledge

Problem Space

Surrounding
Information

Solution Space

Surrounding
Information

(29 27] 71% 29 Frame

Newell#t Simon(1972)2 &4 314 AAS 19 =3 A9
gk A Atole] ARE 37 98 A eXts B ek g ol
stk Aale)l FAlEZE W5 @5ty RREAY4 E5S st
EFAS e S bR EA8E 3AHS 51 2 - B4 3 -
EF4 3 FRHA77] el Al F3E Abolo] HA Y ARE et =
Hgor Awdd ¢ dok. Al FxF e dAEE e Aol A
Memoryell A&ZHo] 2+= Knowledgeot <5 AH(Surrounding

Information)& +% ZH&3l4 ZA|(Perception), AXH A2 ZEA X
(Information Processes), ¥ @d(Representation), % ©]& 7}s3 EE
Aoz G4 ¥ Cognitive Process?t @A ¥t} 4742 (28 2719 7]
2 frameS HPE O % o] 3t design process — cognitive process —
design knowledge®] 7] #AAE ¢ A3t

44 = A&t &



A2 A AAE BHeE B TR TaAs

4.2.1. AR T2 A~

Dorst, & Cross(2001)& 2] %l
= WS EFHAE 3= Zlo] oy Al
1ol HAM(analysis), &4 (synthesis) % %7} evaluation) X =A
A&A o8 grEstHA A osfet EF M gk ofoltjo]E A N

Johnsey(1995) 1971'd%E 19950 7bA19] 17709 ©lxpel &
A A ZEA 2o s RS A vlaste] fAQl #AAFS A
2 (Identifying), §#1 2.91¢] ¥ (Clarifying), &A1 A2k %3}
ste] tAkel E# AAH(Specifying), ®A¢ ddEdE EAH AW 43
(Researching), <54 A4 (Generating), 7Fsd djotel]x A€
(Selecting), o}oltje] AlZ3H(Modelling), 1%} A& (Planning), A%}
(Making), ®lZ~E(testing), 4 Modifying), ¥ 7HEvaluating) & 127}
SAZ el

o] 127] &Al [2¥ 28] Sl A A, 8219 2 dA= &A
S ¥4 (Analyze)shi= A olal FA FItoA] @A Al Ex®
AARLE A T 53 37 dAdola, Bx FielA EFAETS
2 ddete AAHAM E£FAHA AY / T8 AAHE ST oot o
Aae, AzEl AE AlE, A HAEs E54 3o i 3g ol A
DAt Hrbe dA EFAe TARESE HAstnE EF4 FIk A
A s dAdsH 9o ARy dHAle EFAA S B4 31
oA EF wrAlsE 4= it} Johnsey(1995)e] AFE wWHEFO 2 Aland}
Herbert (1972), Minsky(1988)¢] o] &l we} 53% & 3tol] &9 5315

A BE AR E FoC.
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313

7HEvaluating)®] 4 9A=Z A<

149 mE yz=sh 73 G

3

|

8

ZA2 GA 9} AR
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(29 28] HA<l

Kelly(1987)& o] &
needs and opportunities), TJAFSl A AJ(Generating a design), 7]%

A ZH(Planning and making),
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A A

S

o

57}

= 3
= Y

S(t)—> Design Operation
“| >5(t+1)~> Design Operation

Solution Space

2>5(t+2)...

>

Evaluate

Generate

2 o E 5o,

L

o
=

|

o

De{ne
Goal Space
Subgoal G(t1), G(t2)

2>G(t1+1), G(t2+2)
whg-2 oA

-

P(t)—>Analysis
>P(t+1) 2 Analysis |

Problem Space
2>P(t+2) ...

8

il
of

Solution Space

s(t) 7| EERHBEE )

7|Z 020l 2XHE
Ll

Evaluate
Generate_

IT

[=]

ope A

| -

[

t

"
o

Problem Space
P(t) & A[ZH AL & OF
Defne
Goal Space
2
o

FA A

o
o

5]

(238 30] A= (1): N &

—

G(t)

jp

whg-2s tixpelelet

}
SHAI

9
pl

A

b2
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P(t+1) =1} Ot A0 HEJE QS-S
> P(t+2) =2 37|, XtA|

Evaluate

Evaluate

Problem Space
PN AIZt AL & OFF

7|E 020 2H1E

Define Define

Goal Space
G(t)HSHA AtEdt= Ot A

Generate

G(t+1) &= At E 1Bist Op2A
C|Xtol
> G1(t+2) =5 O X| UHA|, G2(t+2)
&7te HtA

Solution Space
S IEEF

HEE +H)

Generate

(cognitive) %

sk 4
R
A3t 9% e
]71_’

Long—-term Memory®°ll # 7% o]

A s

J,}xq

A=k

37, 27 52

’ h

Cognitive Processorol| A A A& o 2 2%316}04 Motor ProcessorE &
o] HAHAH AHKXE Working Memory®ll
Futtt AERE YA A det=
47} Working Memory©l] H33g ZQ

a A8 A& Output gt}
Hysta Q3% 749
A 2] ek

Memory®ll A7&akal St

o17F AH

S(t+1) 7| = HEH Ho}7|
Sst+2) 27|

¥, 4E 57

el

v o2 [

Memory©ll &= o] ¢)=
Stimuli®] =% #z&3= ZAxlo|x
B A ztsta

0] =

A A

Els

48

A7} (perceptual), ¢1#]
%5 (motor) A|Z=¥l3¥} Memory9] % 283t ﬁﬂro]
t}. Card, Moran¥} Newell®] 2 4d-S
= At skaFA el perception # €]

3213 o] A
o2 mel tixtoly
J%LZ—] o] ;(]

5 AMAe A=
, Working Memorye°l] # %=,
g8eA B0l HRE

E=

Fof &gt} AR
AHE Long-term

A2 g



Motor

—pl
Processer |
Working

Memory Q& AN A

Perceptual |
le— ]

Processer

Cognitive —
Processer <

H

Long-Term
Memory

(29 32] ¢I%F AR A2l w5

[29 29]9] Framedl QAA#AA 25 F7FsiA [29 3319 dA]-H
L2 A 2~ FrameS 7483 H. Cognitive Processorol| A &4 &
Alskal YAl S3xE

#d A2AS FA3Ear Working memoryel]l B#skc) %3

EF4AS A3 Motor
[e]
=

rlr HE 1H

]
2R

I N
ofk o o O

% Cognitive ProcessE %3
Processoroll Al 2=Ax] & HAR] &E
Perceptual Processorg & 2l
Cognitive Processorg &3l H7lsllA LA ddste] A & ¢
do]Egttt. 1 ool yaQl Erol] A&H A, Hxpl dlHdxs &
@]E A H 7} Perceptual ProcessorE E3f & ]zl AN &8

s 4= JE= Working Memory©ll # 7= t}.

Problem Space Solution Space
P(t) —— P(t+1) S(t) —— | Design Operation S(t+1)
i |
DeAine Evaluate Genlrate
Cognitive Cognitive Cognitive Motor Perceptual Surrounding
Processer Processer Processer Processer Processer * Information
Goal (Subgoal)————————— Working Memory
‘ ‘[ Long-term Memory \

[Z23 33] YARI-291A] X2 A2~ Frame

Cognitive Processore] ©3sjA Finke et al. (1992)= tjx}<l
Cognitive Processi= A4 (Generate) ¥4 3} &2 (Explore) A4S Wt
Holo] A4 MAS AF ololyolE: AT st A8 HAHES
| 2. 2] A (Memory  Retrieval), o1 4+ (Association), Y

(Transformation)& 23%slar, @A HAHe x5 22 (Problem

: LEEL



Analysis)® £F4 #24(Solution Analysis)S X33t} Benami$}
Jin(2002)2 ©ARQD 1A ZTaA2 S8 YAl JlAIEntity) S 2HH e
2 1A ea, txkel Z(Design Operation)S E3] wEojz AJES
ozl A7 BhA] HARIIAIE A=k o] 7 RS RS Ads)
of Ol g A9 AAE [2¥ 34]9F o] FA3F3T).

ol

Design Operation =
Design

t Entities

Generation:
Memory Retrieval,|

Association, |«
\ Transformation

/ Exploration: '\
* | Problem Analysis, |
| Solution Analysis,

(2% 34] "Al A '

Motor Processorel W34 Goldschmidt(199D) = T 24
(Design Operation)< "tA1 %3l 9+ Entityel #dE 3% A|kHs
AAr e F2 "2 Ao h Suwa et al. (2000)2 txQl dE
(Design action)S E%]%4 3-5(Physical action, £°]o] =3 %oz T
AbE AT 22 AHAQJA lF), X124 &5 (Perceptual action, A%
A 54 gk F95 7leole dE). JIEA 3 (Conceptual
action, 3 AA)ow EF3IUT. =, Suwa et al.® Design action 7i
dol|&= Goldschmidte] Design Operation(t]2kel 241, E2]2 35) 7l
Lﬂ.Q. Eé‘]—t‘ﬂ—]:} o]aqsi X-]g]iﬂ_ ingH/ﬂ AR 0:1?-0]].‘: Design actione
tatoly o] 1A A o] A 2H4 5, AA A As 24 P et
= 7l ola, Design OperationS TjAFo]H 9] wBldd] 9= AS F
st s o 2 sl

Jin & Benami(2010)+= Goldschmidt®] A 2lE v}l o = Operation
7} EntityE #28le] operations WH-eoF F = EFIIT. UF
Operation< ©AFQ1e] dgfF 2 dAlE thF+ HbE 95 Operation
2214 7|3 9 HAIE Hgstth U3 Operation TJAFS] X Z A2
think—aloud Z2EZF dHoJgoA F2T = A= #|<eHSuggest), Ak
(Compute), ZAF(question), A2 (declare), 7} (suppose) =L A9
(explain)e]t}. 9% Operation:= @3a}7](talk), Z227](write), 27X
(sketch), 2 E(point), Al E @] A (simulate)e]t}.

tJ2}Ql  Cognitive Processol4 W&  Operation> Working

Oli

[-v (

50 2 A &-tf] & 3¢
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A QFsh},

5l(Knowledge Transfer)
A F=E xd

Cognitive Processor®} Motor Processord] ©jsghk A
-o1x] IR A2 Frame =°l

Bgol TR BE, A 3

Q1]

-

o T
offf Mz

HApel 3ol wel Long-Term Memoryol A% ¥ x2S &
’d3tstal A7t Processer®] A3 AAAS F3) wAE Asta #d
A Ag dd,) 39, WEgst Wy E %]24S Working Memoryell A7
A TRl WsS F3l ofolr]o] 2 AJZHA] Design Entity= 7 3hgh
t}. Memoryell AZE A2 =& #AHA Am FI A& Object
KnowledgeE #17}ate] input A4 o] i1, 1A ©@Ae]A Input A2

A4 2L AT}

Motor Processers

3o}, Output® Object Knowledge(Design Entity)+

Input A 2Jo] ®Ht}. Process Knowledge+= t]#}2Ql
€%, Working Memory®ll
Memoryell # %%

NEZ

EEy

Goal Space

- =0

1_.-6‘—3—‘~

AR, TR

AA

8 AR AA=

Output

A7k AT

-5 Ao A}
HaPstH A Working
3k Object Knowledge?} Process Knowledge

Problem
Space

= o 3 5 S PR
7} Long-Term Memory©°l S°17k4 thgoll Hl=23 A3k of 38d
’ . ’ =
w4 'K-line'o] &3+€ )
DesighAction ' = = = = = = = = = e e ——— . -
o Solution Space
Motor Processer (Design Operation) Human Information |
External Processor |
(Design Knowledge Representation): 1
Talk, Write, Sketch, Point, Simulate 1
r e
| | 5
Internal | |
(Knowledge Transformation): \ Object Knowledge
Suggest, Compute, Question, Declare, Suppose | !
Working Memory 4—@1—_ Preinventive Entity
] I stimyli
1 !
1
I Other
Generation: Exploration: 1 Memory sources
Memory Berrleval, Problem Analysis, Integration/ !
Assocmtlon:l, Solution Analysis, Learning I
Transformation 1
I
Cognitive Processer 1
|
P |
Long-Term Memory (K-line) 1
____________________________ I
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4.2.3. tiAFl HAo A2 Cognitive Process

Aol A= HAQl Z2A 2 A9} Bl A HAF & g o R
T hak £ ke W 343 Cognitive Processerel 248 g
g2 (Exploration)® XA (Generation) A4S [29 3613 #o] w33}
Atk Al e ARE FHskL A AP R Zka e AAE I
Aol FAE 1At A 89 ¥4 5 A 4 (Problem

! =1 o
Analysis) #A4S 53 A4 F7HS @A YA HxE AA S

= =
O zFel Exo] wEl Memoryol] AAE & %2 (Memory Retrieval))
& BHevA &7 tig ARE Feal £F4 F1to] FgH
#E A5E T4 HFS EF4 S §4(Solution Analysis)©]
g ARE F E54 el Qe AXEs £, A

(Association, Transformation)?

ol
2
=
it
Mo
N

>,
o
0
o,
_O‘L
R
oy
=
(1

o of

e
] o) =) . o = - -
b Qo] Egtr). tx}Ql Wi Operations &3l ofeltjo] A, &
=] : =) = = 57 =] =] P = =]
Q]8R Operation =3l ololtjo]E A|z}3} F3H3aL £F4 H7E / B4

: : [e) =] = = = j= [e) =
(Solution Analysis)<s &3l Al A& THste] ZA4 37t QUlo]ES
= A= a7 I~ = 2~ = 57 I~ = 37
ooolA" A a3t 24, & A, EFA o3 g4 (74
1= = 57 o] =) = =]
HEAD, FA F2 wde] AAS wEswEA ofoltolE A4 )
ikciasg
Problem Space
25 A, bl
SH) 20lo| Aly,
HE 4y
Solution Space
288y
YE 27, 0to|C|of AZfat,
Goal space e Mz A, i,
28 §E BHAE
Problem Space (t) > Goal Space (t) Solution Space > Solution Space
R OO|C|Of Al Zt=}
=H MY, — 224 23 24 Xo/HY ) _
sreool Ay > FEEY > golyam Taagyy > W AE AN xS O
Exploration Exploration Perceptual Processer, Generation I Motor Processer
(Problem Analysis) (Problem Analysis) Generation (Association, Motor Processer (Design Operation)
T (Memory Retrieval) Transformation) (Design Operation)
Exploration
—E—Xﬂ 3.;|’.E_1 (Solution Analysis) _
Mo Az CIxbel W7}/

Exploration
Perceptual Processer, (Solution Analysis)

Generation
(Memory Retrieval)

Problem Space(t+1) <«

[ 36] "kl &A1 a2 At 1A GAle] visg A
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ol213t wjsd WAZ [ 3312 Frameo| Wadsix ZA=S
712 o] fxpl #Age] 7t dAo| A 9] Cognitive ProcessE ?Xﬂﬁ}
'd?i‘jr.

Solution Space

Problem Space S(t) —— Design Om'—' S(t+1)

P(t) _ p(t+1) Design Design
Entities Entities
L) I
RS L] Cixrol Z 3l | CIxtel [@7t/2 4
Cognitive Processer Motor Processer Perceptual Cognitivve Processer
(Exploration) (Design Operation) Processer (Exgloration)
Problem Analysis| Association,|
Transformation l
Goal (Subgoal) — Working Memory
l%ﬂ T K| A & ’ l
|— Long-term Memory (K-line)

Memory Retrieval

[Z2¥ 37] YAl — 1A 2 A~ A3}

A 3 A YRl A4 Ad FAZ Y R FSFE
4.3.1. ©A] A]2]-Object Knowledge®} Process Knowledge

o= fgatel A4S Object Knowledge®t Process
Knowledge® +#+3}3it}.

Object Knowledge+ Gero (1990), Umeda et al., (1996), Tjalve
(1979) 9 A= FarafA [ 3813 o] 93 (Appearance)ol T
gk A2 (e mp-29] P, AE, 72 F), 7|5 (Function)ol] w3k A2
(of: mk§-229] 715), & (Behavior)oll tigh A2 (ef: AR&A}e] ALE- <5
Wow EFIT 3FF Object KnowledgeE FEFS = Design
EntityE -4 gttt

[723 38] Object Knowledge

:
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Process Knowledget™ TAFQl 235 AAdst7] 91d ikl A
3l2  wWHolt}t.  Anderson  (1982)= Ax}% A2 (procedural
knowledge) & =3 €A 283 dlss TPt Wl digh x4
ola1 %774 A2 (Conditional knowledge)S ojwl Abspol A 2 &3dk A
AA D AXA A A S AREekeAldd g A A oletar A et 214
AT A3 AR FEOGHEA] AAolw, AAAH A A
Eraut(2000)¢] Al 7F4 54 A2 Fo A#A<d Fwel afdsi,

A
ok mekA 2 dTelE Eraut(200009] &
Process KnowledgeE [ 419 #o] (Kpl) Zs+3t AbEol thgh ol s
(o A3S vFo= 7|& AF 4], (Kp2) oA 2AS Adlele=
T, g Al FHokhes Al (o & Afo]=9f HluEfA whg-2~o] AL
o= )3 (Kp3) HASl 84 HE

AE A B AA FE)E EFeh

L

204 AL ARl oAl A4S AHEE dEAQA FFH HT
H}
[

[ 4] ¥ AF9 Process Knowledged %7

Process Knowledge
oA ZHE S BA-

BET | ke 4EI A2 T EAE A4 Ee HoIH x4 (CIxfel 2 %) d
CHst O] 8 SES=E |‘—| X|—| == K | Lol @ A AMEH H ;,]d‘ HE EH
: (kp,) CIRFQ! 85 #op ol | (Kpa) HIATE 228 208, EEA SE

4.3.2. YARL ol e YAkl A4 &g A

374 Z£59 tyyAkel Process Knowledge: t]x}el EAal2 34

I A B 2 AN Zxp ojw JES sEx BAEy] 9E)
Thoring & Mueller?] TjA}el A2 level AS FrasfA [29 39]<
dol YAl A9 Level #AE A3t Level AT® TR
Object #A|2je] &|F £d, = txpl A, AREEAE, HAgl 2=A1A, 2
HE 5& ¥E3 Design Entity, Level B¥ Tzl Cognitive
Processero| A A}&3F Process Knowledge, Level C¥ Motor
Processerd] Ag  TzRQl uiFAQl & E(Suggest, Compute,
Question, Declare, Suppose %)= &3 I ©¢A<2A  Object
Knowledge©|th. Level Aol A Level Co A2 23l= 374 1) A& of
gk XS Eall AAS e "sta A3t (Kpl) Ak Al o
Els O]Eﬂoﬂ gk %2, (Kp3)H Al 8.4 Ag wge gk x4& &
54 2] 8-

B



AbE3ETE Level ColA Level A tzkel 8153 S %4 &
F-3k3kt), (Kp2) gAel als FHshs oy} wbe] il x4
=3

> Level C: A X QI C| X}l Object Knowledge

Level AOJ| A{ Level C2| X| 4] ZI3t= Level COll A{ Level A
stZ I A EOf CH3E Q1A 2 E8f K| CI XLl skille Saff X|A B35t
A2 Y St 2 g Bot QE SIS},
(Kp,) &3} AFE0f| CHEt I3H01I CH (Kp,) CIX}O! 8 £ | &} = 2Qlq}
e X[ &, (kps) CIXHQ! R4 ME, O CHEH X| & 2 AL
HYF CHS XA 2 2 A8

Level A: &1 X2 (M| F, Level A: C|XtQl Z1t= (HEH

O[O x|, ATl &) 2K, 22 EEY S

[72%] 39] t]#}l %4 Level #7

) A}<l Ideation A2 AjtalA [ 4013 o] Kpl 33 A}
Sl O3k ola] A4S &84 Level A9 tlzel AHgE BA&a &
24 g A WgEol & tiAQl Object Knowledge®E FE3Hth
Kp3 YAl 24 A8 gl "o Ao tfgh A4S o]&afA tAke]
Eatel wel A YAl Object Knowledged e gttt Mg st #] 4]
< Kp2 YAl s Hshe 907 WS ol&s] AltHoz %3
(Level A) =& A4 =334 AAYHAA M= Object
Knowledge(Level O)& d=t). €& A4 38 A29E =2 =22
224 H7HKpl)dtar A EF insight(Level O)2 &t} o] 3k 3A
= BHEAA HF HAlE SAdsH €

H
:

Problem Space(t) -> Problem Space(t+1) --------- posmmeeees > Solution Space(t+1) -==---=1--=---==---- > Problem Space(t+2)
Goal i |
Level C: Motor Processer | CIXHQ! CHAFO| CHSH X|A] & 2 CIRFQI Ci dof i3t XA =g/ del> | CIXFQI Chatoll chEh XA
(Design Operation) (Function, Behavior, Appearance) : EIEESRE M2 o4 x4 (2HH 5) -
] (Function, Behavior, Appearance) i (Function, Behavior,
1 | l ! Appearance)). T
) - . oo SHO Kp 2: C|XtQI HE i Ars}) ofl |

Level B: Cognitive Processer: Kpl * : 4‘ :" SiC elolar w e : ZF" 1} 5:* L ; . ‘O "j

T a2 H
. N 21y gef !
Level A: Design Entity: (EW‘L A2l AR B 5) : C|XtQIo| A|Z4X HEH

(29 40] HAR1 Ao Level ko] A4 g5 2H&-
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[29 4019 A2 Ao2-8 H83 (29 3619 HAI-QIA Z=A
29} v Cognitive Processor?] B4 1A oA Kpl A3bat Ab
ol thgk o3 A4S &&sta, G HAFolA Kp3 Akl 84 AdH
2 MY ol ZAE E&stal YAl BES Fokal ofolrjo] AyAdstar,
Level C¢ Object Knowledgeol] #A#3sfx tir] EA-BA Cognitive
ProcessE &3 2HdstAY A7 TS T3] Level A9 Design
Entityell A&3siA e, 7|5 5 7#3}aL Cognitive Processorel] A}
5= 4= 3-8 & F AU Memoryel AFEo U= XV\]Q
Object Knowledge®} Process Knowledge® #F3to], tjAa}el — 21X
Aol Ao tApQl A A o] Ao Ag gL [ 4113 o] 435k
=3

Object Knowledge: Long-term Memory (K-line)

ol 27 Object Knowledge: Working Memory G
B VE - Perceptual

Problem Space Processer

Solution Space
P(t) —— P(t+1)

S(t+1)

SEEY SE XA

Exploration
Problem Analysisfi BMemory Retrieval
Kpx &8t ALE Ol Cf 8 Kps CIAbEl 2.4 Heho]
ofsf 24
Goal (Subgoal) 24 xel/HY CIxtol E& CIXFQI W7t/ EA
Motor Processer Exploration
Association, Transformation (Design Operation) Solution Analysis|

Kpa CIRHQ! 24 MEjo| 2 Koz CIZHQ! W& 3t el Kp1 &8t AHE Ol CHEE Of3f

Process Knowledge: Working Memory

Process Knowledge: Long-term Memory (K-line)

(28 41] HA] - 14 ol Ao tapel A 4] dzag 34

t]2}Ql process knowledge? &8 AL (19 42]9F o] [1¥
3519 HAql Q1A ®dlo] fded, & ¢ AAHow APT = vk
=, Kpl (8t AFEo gk o8] #]4]) Cognitive Processorol A 2
A%k Exploration (3] ¢} Zé\"Er/E 2A) Ao &8sl 19 A=
ozl =3 e (FA4 ¥ > H3x 1) 58 AR HAET
> A Fiholth KDS (H2F2] 84 e 5l ig e ZA g
A A& Generation Ao A] AREd AR A= (1)Long-term
Memory <& Working MemoryolA ## t]x}2l Object Knowledge
Aeldte] 2 (2) A9E Object KnowledgeE %3 W3 st Motor
Processor® Internal Design Operation® = A @3slar XAAZAH Fx
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(Preinventive Entity)E A/4deth. Kp2 (HAQ] P5S FHshe dA
W= Uxels 18387 ¢ Motor Processor?] External Design
Operationg F3&h= 93 wblHo sk xAloja A}g9] Aap= izt
o] 93} &S %3l Design EntityS A 3= Aolt}.

DeSignAction ' = = = = = = = — — . ———— = - - N

N Solutlon Space
Motor Processer (Design Operation) Human Information

1

1 el Processor |
1 ; : I
| (Design Knowledge Representation): |
Talk, Write, Sketch, Point, Simulate 1
Koa CIRFSI EEHE 9/51 65 3ot Heln ww 1 1
: Internal :
| (Knowledge Transformation): I
| Suggest, Compute, Question, Declare, Suppose | !

! | |

I stimdli [
Goal Space )
Preinventive Entity

i

Kp1 & 834 AL O}l Chet O] 3

Generation: Exploration:
- ;
Memory Retrieval, Problem Analysis, Integration/
Solution Analysis, Learnin
Problem Transformation b &
Space

Cogpnitive Processer

|
I
|
|
|
T
1 Association, —
T
1
|
|
I
I

Long-Term Memory (K-line)

|
|
| A
|
1 .
|
|
I - Other
| Cully) sources
|
|
rve—m—m—— |
|

[ 42] YA}el IAH A 49 process knowledge AF&

4.3.3. YA A4 9] x5}

Sim& Duffy(2003)¢] tx}<Ql #|2] 215} Hdo] m=m oz}l H3%
(Gt # A= A2 (Input AT F-E Al Zstal tzte|yrt £33
gtz & "Rl A (A)s FokaL, o #AFolA A2 3 (Design
Transfer)o] st A =& A2 (Output A4} (0)°] AHd .

o] & nlgro g tzel sPFS F3 A EF Object KnowledgeE A
Aot YAl H1E sl dolrkeE HAFE YAkl 34 dolH=E Azt
3}3}+= Linkography W% (Goldschmidt, 1990)e.2  Fdafc},
linkography®] design move {F 94 x=Tof Tjxlo]He] ko] up&
] ZQ]l Object Knowledge”7} EPoﬂﬂoﬁ Tt

[29 43]3}F #Fo] HAQl HF(GD7F AL YAl 8F (Ag)= &3l
Output #]*(Oy1)°] *ﬂ*é‘éh* o] A4 & ds (A 8T =+
1= Input AA )71 % o) old xAe Linkographyoﬂj\i &5
(Ag) I A5(Ap)e A48t ==0n/le)= £4F + AUt

k-2~ HARRIo® o5 5W, kO 7|E b2 FHDA; v~
E AR AL A B D> Opp/ler: &3 S WA o] Zropa &5 &
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R A 3R] 53 > A2: X A|SFA] HEE =

2> Ouoa/lize: AASHA] H3F=
gy 2 FUr

2> Owt/lie: AABHA] Fole Fi &5 > &5 72 9 vl$-
2 g A

ELF IE AE Ao R dF5 29, Lo 184 HAkel W
874 A5 g > Al 134 A5 AHE > Ouo/ler I8 AH9

Sl =

W A

> Owo/Liuz: UF2] el 5% > Ay i o e A9 3
Hog Fast 4 ).

Gdl Gdl Gds Gdd
v v v v
Adl AdZ Ad; Adn
e O o o
® @
)] Ou: (lar) Ows (ls2) ‘O
Ikl Ok24 (Ik42)

[Z1¥] 43] Linkography®= T]jAFel XA A3t 74 E3

o]2]%t Linkography? Move9} ==9] #A A4S F3] tyxpe
Ex(o)%)o] ¥hdy Object Knowledge #1219l %13} 33, Process
Knowledge®] AHE BA S FAASE HAZE F 3

ol# #HA tyA2l Object Knowledge: tAFel =S =3 2l

3}% 31, Process Knowledge A|4]2 t]z}el A3tE3 4o sk H 7}
g F3l AEE st

A 4dHF 2D AS

ool Atk Tl A2 FoAg HAS vHe R (27 44]9)
Zo] Fojzl YRl A A HA LSt Object Knowledge(Ko) <}

Process Knowledge(Kp)9] A5 283 23} Aoz A 4= 9=
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g o ®
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Al A Ad BES =@l o® EA] Motor Processor ¥
S0 2 F A
58 . ,H L= 1_'_” el Tl

HHY o
T =

PN‘



i 2 (Goah)&E A4
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Memoryell A% A2 && #AdH 25 E3 A& Object Knowledge
GAo A Input A2 A L A

E AZetal input A[Ao] Wil ¢1#]
TA3Fal, Motor ProcessorE Ed AFAAE AL Outputdtr}.
Output® Object Knowledge(Design Entity):= A]ZbS A=3sFe] Input
A2 o] ®Ht} Process Knowledgei= TIAFSl Q1A -85 thAlol] Al&=H,
Working Memoryell A tt, Akl 1 sstAA] Working Memory
o AAHE+= T3 Object Knowledge®t Process Knowledge”}
Long-Term Memory®l E017F4 ool vlzgr A5k o 3]s & 9l
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Object Knowledge: Long-term Memory (K-line)

i - Object Knowledge: Working Memory =
VE - Perceptual
Processer

Mo

Problem Space
Solution Space

P(t) — P(t+1) S(t) S(t+1)
I 5 KQ Inpyt . /K o\OuEguf\
EEMY =@ KA &7 Appearance——Function Abpearange——Function| ﬂ
SHES FHOADAXX "4 - . . T 4 -
- ign Ei - ign El
o 5%;@) W | ———> Design Operation 6?'—' yﬁv
Problem Analysisfl ff[Memory Retrieval B\ehavig‘r AN B\ehzviolr

Koy 4834 ALE O CH3H Kps CIXHQl 22 Meo]
ol 24

CIxtel 2H 24310

Process Knowledge 215t
Goal (Subgoal) 24 FBH/HE

iAssociation, Transformation|

C|xtol E
Motor Processer
(Design Operation)

Kz CIZHI BE St §Ql

Process Knowledge: Working Memory

CIAHO! Hol/2 M

Exploration

Solution Analysis|
Koy 2853 A0 i3t Of3)

Kps CIXLQ! 24 MEfo] 23

\

Process Knowledge: Long-term Memory (K-line)

[ 44] t)zrpele] 21X A Atz #A A t]xkel Object Knowledge(Ko) %k
Process Knowledge(Kp) 328 714 el

k-2~ HARIC R o E 59, AREAMS] ARE Fatel| uheE wbg-
OARQl E3ge weh w2 ARR W, uhe2 2 5 Object #1213
AREAF U= AR W 5 Process AA s @Adstgith AREAZE 71
ulg-2 A F(Object Knowledge (Input)eS Ab&3sts AHHS ##
(action) 3&tal AI(Kpl)s &3 AREAY] AR HFdol #- A2
(Object Knowledge (Output))S A=th A2 €2 A4S ts 9
inputA| 2ol =il ARG} Fto] BHA IE A BAS txpletal 7|
I e 2%3= WY %5 Process KnowledgeS &34 tjzpel |
ghoh aear, YAl ddEs HAE, 37 FAseE A8 A
ZpQ1 b gt o] HA A YAl AdpEwE FrtsteE Al ol e, AR
3+ Object Knowledge$} Process Knowledge7} A A3HA| = thA] Az}
SHA ¥ K-linel.2 FA4 % A4 Database”} QHlo|EH ],

187 A& gAle] Afele Aol gk A2, AE ARl of
F 22 5 Object Knowledge®} X137 t A}l Process KnowledgeE
dgdstgitt. 184 A o agsiol sk AMFE(Kp3)s A
af thuH AEE A tfu Aol A vt 9ol 1% (Kp2)
$HA b A FEe AE EfolE YAl EH(Design Action). &
AREE wjo] EEAs s E3Fold AREAS HI7HKplstal Hxt

2 of 1o

.

offt
O:
O -0

o
o
rf

Q1S FASY. gl HtEH o7 Hutstal £4stE HgolA AE AL
L3 QAo thak M2 <14 5 Object Knowledge®t F13H74 t]xjel
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A S FEE HFS AT A4F 24

Al1Ad A8 3 By

A kst t]zFel Object Knowledge(Ko)9} Process Knowledge(Kp)
g8 &R dlo] object, process knowledge’} A5 Z-gshHA A3}
= AL Admst 4 o].L;;q 3k U;ﬂ];e_ 3]]7‘_2 ideation 374,;(3% %éﬂ

oG FFANEAZ AFS] As teld 29 WHow

Uaeld 2ol FAF A AAS Folstah A el
Ol el Al AS) @ medA BakA AT 5 Y,

5.1.1. Akl ¥4 dHoly 4

tatolu o A A2 e] 9isl FeS AA YARIY A7 ®
A 71 =A%, TRERY A F)e i AN £dSH =
= 454 43S dolm Fdstar istels HAF oA A &3 (Schon,
1984).
tzatelyge] AlZb4 53 dHolE 3 WHE HHo® txteo]y 9]
A 34 71= (Purzer, 2011), design document +41 (Costa, & Sobek,
2004), CAD E9A Aso= 7|=% Process logging data 3
(Adams et al., 2017) 5 <}
dEA AIES ﬁoii Fdsk= WS T S H(focused
interview), %3} 2B H(structured interview), WA ¥ (introspection),
AL71 KW 3l (self-report), AE(review) 5°] U (Breuker & Wielinga,
1984). Focused interview+s IEHo17F vl tist A4 FHlstal &
Aol thsle] o3& ds| It} structured interviewol A QIEH-ol= QAE
W= Algholl Al AEA 0w AEgoEA 54 /idy Rdy d-d
3

n
RE x2S ol k= WH2lolt). Introspection YA x7F W

S S8l A B A IFS of9A AT e A=A A
Ab 38 3 Askt) Self-reporty 'TRES BA'o g2 ozl AAH A
7h7F FAE S AsHEA think aloud WS AFESte] Ao #geo] B
= A EE mEsH sk olt. AREA Hishe ARSAber ARt
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o] A% g o]&3 mA Lo R Reviews ZREFO ZHAAE
A 3a}7] =4 HoleE Fo AA HAlsk= Aol

A% B3 YAl Aol AREE A4 o] FAl tztoly
7F HARRD A4 td EFAS e B #A4ES HElAE Self-
report ol 7} AH3Eit). Lewis(1982)% AlgrEo] AFE AMEH
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Abstract

Proposal of an Interaction Model of Design
Knowledge in Ideation Stage from the Cognitive
Perspective

LE Meile
Department of Design
The Graduate School of Fine Arts

Seoul National University

Design is a field of comprehensive cognitive activity. The process
of exploring the relationship between the design object and the
context of use given as a problem, understanding the unknown and
acquiring new knowledge by using existing knowledge are important
steps in the design thinking process of solving the problem.

When designers ideate to solve problems, consciously or
unconsciously, they always use the knowledge they have
accumulated through past experiences. Designers construct new
design knowledge in the process of solving a given design problem.
In addition, the design outcome 1is the crystallization of the
knowledge constructed by the designer.

Experts use object knowledge and process knowledge accumulated
through many experiences to solve problems. In other words, they
have knowledge of problems and tend to classify them according to
the resolution procedure. In the process of solving the problem of the
product, which is the target of the design project, the designer
proposes the final design result while composing the problem-
solving design knowledge through the interaction of the object

.
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knowledge about product properties and the process knowledge that
builds the object.

The purpose of this study is to propose a knowledge interaction
model in the design ideation process to explain the process of
building and utilizing knowledge through a theoretical review of
design knowledge acquisition and utilization in the design ideation
process from a cognitive perspective. We examine the
characteristics of the interaction between the design object
knowledge and the process knowledge that builds the object, which
1s created in the cognitive process that solves the product problem
that is the target of the project, and propose a model to describe the
process of building and learning the object knowledge and process
knowledge according to the design objectives of the results.

Based on the previous research review consisting of Cognitive
Process, Design Knowledge, and Design Ideation Process, the
knowledge utilization and acquisition process were constructed from
a cognitive perspective and proposed as a hypothesis model for
knowledge interaction. Observation experiments and in-depth
interviews of the designer work process were conducted to verify
the hypothesis model. Through design results and design process
analysis, the designer's work process data obtained through
observation experiments were analyzed for the role and interaction
of Object Knowledge and Process Knowledge at each stage of the
design ideation process, and part of the hypothesis model was
confirmed.

Through this study, it is expected that the design ideation process
reflected in the design results will be understood and wvarious
knowledge used in the process will be systematized to provide a
foundation for developing a more advanced design tool and use it for

1T A
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design work.

Keywords : Design Ideation, Cognitive Process, Design Knowledge,

Knowledge Interaction
Student Number : 2018-32124
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