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Abstract

Background  The purpose of this study is to understand and explain the reflective iterative mechanism
of the design problem-solving process by exploring the designer’s cognitive strategies and metacognitive
processes used in the design process. In particular, the study can contribute to establishing a conceptual
framework that can explain the designer’s reasoning process, based on metacognitive theory developed in
the fields of psychology and education.

Methods In this study, a bottom-up, informal approach was used to derive a conceptual framework
regarding designers’ metacognitive reflection process. Verbal reporting data about their work process
and results were collected from design learners performing design work, and an informal verbal protocol
analysis was conducted through a coding procedure according to the grounded theory analysis method.
To ensure the reliability of the analysis, we compared and reviewed theoretical concepts reviewed
in the fields of cognitive psychology and design studies, and we conceptualized and classified design
cognitive strategies and metacognitive processes through a multiple coding procedure and analyzed their
relationships.

Results A total of 228 protocols on the formation of design concepts were obtained from the verbal
reports of two design learners. The design task was carried out in three stages through a multiple coding
procedure based on the protocols. In the process, 19 categories were identified. Cognitive activities and five
categories of cognitive strategies were analyzed for utilization. These cognitive strategies were classified
into three metacognitive functions: planning, monitoring, and regulating. According to the analyzed
results, three metacognitive processes were performed cyclically and repeatedly during the designer’s task
performance, and the utilization of cognitive strategies varied for each function. Conceptual meaning, idea
specification, and inspiration source utilization strategies were continuously used throughout the design
task. An effort was made to achieve a cognitive shift by self-regulating the design work through the use of
error detection reasoning strategies and evaluative judgment strategies within the monitoring function.

Conclusions  The study empirically confirms that the designer’s reflective repetition mechanism is
carried out through a cycle of metacognitive reasoning in the design problem solving process and develops
in different ways depending on the stage of design task performance. In particular, the introduction of
metacognitive theory can be a useful conceptual framework for understanding and explaining strategic
cognitive activities that occur during the designer’s task performance. These implications are necessary
for a metacognitive approach to design education that can improve the designer’s cognitive control ability
for the effective practice of design thinking.
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1. @70 117 X 2%

gl AR A= Aol o I ZEA At AR Ao S 2, dxo|yrt Azste TAS
gralighet. D9l ® Botal tRiel R Ige] EAE Aishe dlo o ds] EREE o] WrkDorst
& Cross, 2001; Kim & Ryu, 2014). tA2l AR AF9] off-2 1 o] A TFstr] dE W<
GGl A] o] FoHrh= AR ofel, tAkQl BA| ZA|7 REstal of g &R o] EA 5= HV FARittel
& Webber, 1973)0ll4] 7]Qlgttt, o] HojH BAta stelete ohA] F7lso] AAold & 9u, £
AolA o2 SHoR AT/t £ dests H41% S| vHEHk(Adams, 2001) ge] dobd
gapel EASE TR AE £S5 FAE AAF AE 5 4% dpolekal & 4= dtk(Schén,
1983).

old ZHol|A fRoldEdAE AAR 7S It Alofshe HEIA so] deFoa gL
AA|THSHS v R WE oy Shegol 2 HopEd A= wlerel A 9] dSte| digh A7t vl Etsict.
HERIZ] e AFEEe] BAIS A of

F

A& Fe W A A g Aol T FAES A=
) ol & Egohs RS AHsky] Y8 == dtkDesoete & Ozsoy, 2009; Flavell, 1979). Akl
EAIE S sh= oA ool A= tAtolH o ThAFA ]l /IAIA 2], & TR ARaLARgof| it HEEZ Q]

{

A
AZI & olefshe wlol = MIERIAA A2 F-83F 25 o]zt @ 4 lrklawanto et al., 2013). o]F=%
of 2] 35 A ollA] WeklA] A7t Folubs d vHal, TRkl Sk Rl A& tiRtelu o wErRlA| 7} o A
AEokal HARl o]l of® P WA =R AR AFE FopRy] 4] ot
webA] 2 At bRl shsAse] dakel #A1S ﬁﬂé_‘%} ] 18] | AN ATFES FEoh=A], 18T 1
ol A HERIA 7} o BA] o] RAX=AE GHA 07 AT o5 oA tAel AF dsES
o2 fakel sHA|4ed T o] digh Abast Xh‘—l‘é Fte] HPAA = Y3
QXM el A Z}Eo}— UﬂE}"]Xl S iﬁxﬂf‘e 11174]1* o2 4 %‘% # %l% NdA zZe

2.2 1

Ho

2. 1. C|X}Q EM|5HZ 2} QIX| Tt

Qe f&2l 43 (objects)o #HHAH BAFHE AGstE 4K 4 J}X*O]E} g

%! ] 17l Ao ofYz} s <] ofx|7F QlonR,
o]y o] &9 oo A= XHXJ—"JQE}(Adams 2001). ]9l (Schon, 1983)3} Ato] L(Slmon,
1996)& tjxtel EASZ B4 a3 EAHoR A& UrE S5 (reflective iteration cycles) ol
FEOIAT. ¢« 7= tRelyzt Al EA9F £3A4 ofoltojof gt ARE MHst= AlLoA
HZE o], 1 A%E 24 AFdY &34 4 &5 vEgrth(Adams, 2001). AX[o]E2] H3gofA]
W= (iteration) e YA i E HA—EA B &£54 94 TRAA WH3k—ot1x T off dofih=
1X| 74 © 2 (Ullman, Wood & Craig, 1990), Tzl kA =43} AT AR A 77|, &, HE € F7}
St A0 7 o] o X tHDym, 1994). o|AH tARl ZRAAZF AT 44 B34 (figural
complexity: Schon, 1983)0ll tafl =2]=| 1= QAR tAtoluFo] AHA1Q] RIA TGS o] DA AFH o=
2| Yrt=Ae 28& 2F A= BA grh 22 "ol A 3 F g AHAl(Ball & Christensen,

201902 Lo, 45, FelAE, A4 AR ol4 St go| tato|uEo] F2 A3 QX Wt
B AAH A7 § Basichn FAstdt. Al 2¢e 49 o}h o 23 MEHE X4 A
4ol QA of | A 0= ool A ofshakel, Hakolu g 914 Bt el et 1] HE ofof

QHHChusilp & Jin, 2000).
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olof whe} tjztol Y] QI ZZAAE AWstr] flsiA = dllo] F(Hay et al., 2017)°] Ate 7Hd A
ZHAHTE F2E 5 ot 25 b2 d dAl #4512 I A Aol ES] Fa SExA|e
A A AA 6714 HFE BREth

A, ‘#F AAE QI3 A7 08, 7 F7|7]0] gEsto] FolH TA|e} BT A4, o]n|A],
HA A g AR & BM6ke S|tk 9kt EHAT](Suwa & Tversky, 1997)= I A 4],
1 FoAE Aol wek el R Aol tztel Aol At 7101E Tk AFEE FAF 71E A4
Aeat Agtolahs T o4l (Weisberg, 1993), tAF] EAI312 o] Wix]/del(blank slate)ellA] AJ&+5}A]
Fethe AS 7 ‘«‘zt}(Goel 2014).

EA, ‘BA 4 D Aol Tt 1A% L IF 9] on| LA (sensemaking: Valkenburg & Dorst, 1998)
HAoltt, Ao HEL YAl 27| DAoA o] d Q14 E(frame)S FAstL, o]E ETiE HA2l
NS AR Hey et al., 2007). AR 2 W8] 400 §lo] 21 52 fo 7|9tste] SnlE
Hof(seeing as)sHA U AEST F414 4JF Atolof 7HEA BAE A7 3HAkin, 1979).

ARt A= A4 B ARl ‘BAS AFEshe QAI7S otk AR 55 Bil A14E 9AES
AELI R A G A4 20 ZEE AZ o[w| A& ATt 53] o] DA A= ol HAIA Q] 443t
TG o2 of Q1A A wgho] Yoldrh(Goel, 2014). o] 2|3t ¥g T oAl FA|FZE AA7F A = HA,
2AX7F A Aol v A o ekl Ale)

o

ol

OAA, AAA A 715 oA vl didel digh Hx $5& A5t FAA] dAl £34S
A5, AR AES FHste HAed AFARES AsHA "okKryssanov et al., 2001). 71554, FeH
Akt ARl ZAE ] tigt Aol oA HAH 2N, BAF £RATHE AAsHe Holtt

XA, FoH AiE AEE £FA ofoltolE Aol HE Y HEe], o]F Brlotal A¥sh=
A BES E@r?}t} E}“ ol EL AAEHS & o, £37A ofoldof 9] g4 5 ARHA
A 7]6tet F2E ks B34 digh S Tk of&she Aol FEAth(Ackerman &
Thompson, 2017).

AT E<(Ackerman & Thompson, 2017)0l w2, B3| gt FHZ Q1 HH- A5t
g F2 A AR E Lt tto|yrt A4 ARl IS BHEoHA] fHEE S 4235,
ol B gt A <14 ¥t WERIAH A switch)& op7|dthe 71E A+EY A9t
Qe AF=3ch(Ball & Stupple 2016) ohA] el GEAo)al ERAT &Y B SollA] dlerlA= XA
HeE FAoto] A 3 &S =Y 0 of e, IS FAsH 2T 2N FYO] o=
FEFE AT As /\V\Pﬁ}ﬁ}

2. 2. CIXIQ! HIEFRIX] T2 M|A
Hetelz] Ade A AAR e (Flavell, 1979)& o5 ‘A47] Aztol| dis] AZste 52
golstqit. detl A= EANAL Hxe} diehE AAR Hrtsto] JAAEFS JAHOR £
AAAG o7 F4T 4= Yrk(Brown, 1978). oW g FAHA o] 7ldiof WA A & & uf o
ZREA|A7F AEH 07 FASE A uH(Efklides, 2002a), AR7MA 2t E a2l A7 w4 o
7ol wob %9 9| HFo| ffHTh wEtA W& SH A= A BFEGHE Folal HER]
AEY 5&Z Eol7] % wieIA M=k sidhe] B a5HtH(Lin, 2001).

o

HJ‘Lmzi
XDy, o
L A o o

SEA| R kel EAIeE o] F HoH 7] o gl EA o gk HERIA] ATts WHEL A A3
9AtH(Puente-Diaz et al., 2021). 2214 IA| £33 F oAl = 2 AL} Aw7te] QAAF ApolE Brlsh=
rajo g UﬂE}O]Z]E ZA5H= Ax o] MEEH(Dorst & Reymen, 2004). FH 24(Cho, 2016)2 A
AelE Agste deES ddoR O50] 28 7H1 919 HEeRIA] o] Al £AIs1E sl
v x| & %"5& PAE AW E vb ik WeIA] FoAE 24 o] YAl ZAs1E 58S =ole bl 7H
2 TS WAtk AF AT vFo] &, 4ASF oY 7] Aol @ 0F £ 5 &
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Qg HAl AZER W] Basgo] A7l o|F X YAl dlERIA] SIS st H Lo YA
tjztolv Eo] A gshe metdA] TR A A0 tiet g a mdo] F& ofof ghrk(Kavousi et al., 2020).
TIos Ff tARI S5 Eopoll e TRl WERIA| 9] E44S 1AV 1 2 HAE EYstEe
A =22} wjH|Eickal & = gick, AEH 2 19) Y2 YA (Sternberg & Williams, 1996)= k<5 34 A
HERRlZ] Egoll FHE FOEH SR FoH A g E FAAE = okl A6t HE diFET
9= o4 wekQl A (creative metacognition) 2] AAE-2 tiAto| Y 9] HERIAH A2 37go] TAR<l
AIHEo] AA ATt Zold ol A FFE AT Ediv 2 4 9l Ao E AlsH

HERQIA] o] 2 Ko mEH, AAZEL2 A $F0] ZRALS} o]E FAISHE HE £ ZRAAR

HFEHNelson & Narens, 1990). 7"11] (Ob]ect—level)ﬂ AA2E-2 TA =3 w3 A, 719,
257, T 5 712H Q] ApLAgS A A ofof whel] HEl =(meta-level)2 A £ ZRAAS
gyHor 2Ash= A3 Aol 715E ke HoAA AAE AA k= FEEE FH9] BT
ZrEn. A AFEE FsH e #29 AA ZRAAE dAEF dt A (planning),
L YE P (monitoring), 23 (regulating) 71’52 & Al&3H2 4 $th(Pintrichi et al., 2000; Kavousi et al.,
2020; Yang, 2000; Cho, 2016).

F

(¢}

‘

|

Table 1 Three functions of Meta-cognitive process

HEFIX] JHEH Heol QXA LS
Z2MHA (Pintrichi et al. &%) (G AT)
LS Y QTLALE I, a2t ofaH
. hela-iat st oIX| gz - -
planning ursig o|EXO 2 X A3l LHE, L, &, R4 i
-3 B s, AN, £ 4Y
HM X2 (871/45/8H)
o XtQ QIX|ZHS 0l THSH AER 014l Z2QQl U HONQQ! ©X|, XH2AHE M2t
monitoring YN x2 9 ©H KISHALSE KA 20| mr|
TE X e RlsiArEl M A OOIO(HOIE) Tt
FEN Gt MEE/ERY /8 T
M xR ZEH S$M ASH M
. OJAN- 9 EHOZ QIXIFS Do Ax =
= 4 L= JEM YK
regulating EHoT Asote HO| &t SR o Ee 22N MHet
AR T MEHE A
A, A8 (planning)& £A A4S A% AXAEe] A A Ag A vle] P Aol
A% BAd A 52 AA xm g stoleste, mUd et o A8HE B8 44 Fol
Z3ETHZimmerman, 1989). & E°l, Fo% BAE &710] ¥4 FAL 214 of=A] S EAY
R gl A AN AeFOR AR A A1 A B8, 22 52 4Gl Ha wAs
A& s E+= Aolth(Yang, 2000).
| =

=4, ®UE " (monitoring)& AH419] F7F-& FA5tY olsf & HAAste AAH HFE gt
2y MA7 95 Ak &89 3} oty A3 A old|E @ st AFW ofyet, B 724 E3
SUEF O] iAol € 4 dtkGreene & Azevedo, 2007; Miele & Scholer, 2017). HEZ] A S(Pintrichi et
al., 20000 #7122 48}50] Wgtol A E 7HA] RUE Y 252 AT £A4 &ol4d(easiness) HHO =,
AR ol A 07 IA| do]| =& gX|st= Ao}, o2 QX AAI} Ao tis] AARE ARES
Al715te] =4l ofs)| =2E& FHstal Hkshe Sgo] EHC npruro 2 -4 H7t 9 @ Xerror)
2] A 53 QA EFo] dif 20 BgsleA], 1 2t 8 7R 5 FEH o2 Brlsly,
7] Bxebe] Bolx] ArE el 932 Aldsle] &4 of B2 AR},

A, Alol(controlling)2t & Ea]= A (regulating) 7152

TR WAt o2 FFo| Tt MIE ALt 8-S 7t o] EHW Al &
o A FF ol o]d ©A 9 ﬁ"ﬁ—% Foll @2 A4} JHE AHEsto] ADE Sk of2gt A4

J
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HAAQT 07 7FeA & BUEHT Fof, o2 dickS g5t A
¥ =wlsk= Aolth(Kavousi et al., 2020). Sh3AH= &FA19] o
< 53 HIZ A SIS FHATIA Hohal & 4= 9)

3.1, BRONY U K24
B A7 vekelA] ol 2ol gJZstel, TiAkel AATAAA o] Roi Ak tigfol i o] £ ZA A
4 ol YA B2 AYsks | 1 2] gtk olo] ket tatel AFAES Aoz, IRt
_/'\_
o2

l‘

W3 o ekl Fo] o @A AAHL o W] FEEEA FAow DA LA St
q

g S84 TAel F 2o YFHoR doluhs ZAE P4 WA 29 LRl AR SHEAE
AP Tt P BT ARE ST F LEES LAPEE A5t
B YORE dAd AT DAY AF BAS $E3 YT F 50| GAE ¥ Ses
RISk 33k ABTAL A7) ARest AFHt AT BAS o5t A4 EYEL
Aol TESHe Ao FAR 289 e AF 35 2PERRE, HASY FH 1 ARE
33 8|(retrospective) 0. ek & HHSLE. ol A7 24 PAL Yol HAS +9F

FA O] AR Ao S | Astsh7] 915 A e = tk(kavousi et al., 2020).

3.2. D2EZ 34 U LYEM i}
A2t MY (Gero & McNeill, 1998)2 t]ztolt] o] 2 Q1A A2 E =Y 4 ‘21—‘5 w0 g daio]y o]
75 HIARE BF LLES KA $4S RSt & AT AT BH0] w2t A
Jeo 1Az FH A AH oz BAsle H|FAA FaHe HEP‘I‘XE}(Erlcsson & Simon, 1993; Suwa
& Tversky, 1997). o] 7]& A3 A77} HEGE G049 Wl sfutoli}t Q2e 7M7) wde urAsiy
Agste dio AgsicHDinar et al., 2015). E=gk | 71 474]3 AZs78e TA0] doju ¢l
TS Fa3e] 9ol H(Langley, 1990), 2A0122 HaHe] $-840] Aokd v} 9ckKwon, 2016). o]+
2o PUREA £IE AR, 2 AToAE A SR ATde ARE B2 202 42
w2 FG7|HS FHg5te] H|g A TR EZ B4 (informal VPA)S A A5 th(Kavousi et al., 2020).

A4S Lk 299) e S AU A8 A2l BT 4D et gy

ERESS RANSYY TR ol FRE U4 PRI 94 7] B, UAel Ax
LIEAAE &

o 4 Q= AEA g dYast J—i-ﬁ‘a}ﬂr(Gero & McNeil, 1998). ool Apak=(Charmaz,
g 202 el whet ‘Z7]|AY -2 A G-0l 24 FA|3Y O] 39A AAE AR
ZZEZS Y, 93, GAekE Al 7HA FAH84AZ BRSIoH, o]F fael gk B oA EEEE
AR A} HgRRIA] ZRAAE LESH

A 27139 Ao A 289 AT FARERE FEU AE

EEZ sH= 22879 ZREZ| FREQY, ZH7te] TR EZ EH‘]W“ ozl °V]°ﬂ Tt A& ES
Uetlle 71958 FHCE 24354 fds Footgit. 24354 d-e bR JAAXEE 7Hrl=
THAHEAES] A (ex. AU & EZ YR T])S P4 02 Pristqirt.

e 2839 ARE ol AT JAAAYE Ui ZREZES Fol 84 HFE I
(Charmaz, 2006). 2 dF-oAE I £ & E(Hey et al., 202002 3
AR olsfist7], A E A, BAILA B, tAIAd &85, v
o], 2HARSH, fol4, A4, SEA, AA4 Ve E oAFA 9 A7gAl

19709] tiAhel AATE] AR WRE TEaldct 2779 A} o] 2 Zr e 247 AEHA

y Mo

N
ﬁ
_O|L
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=

N

12 oluls, ofolclol Alst FAUN T, QXA FE, 47| 2, B7h4 v

PO R FA 79 AL P 271 AHSe) BEE 1 19 AAE B %
AR ERAASY TEH BAE U A FRAL, AeFAA w3 =
AESt] 253 BUHYm), 280, AP A 7 71502 TET el 2287 x2 2
stk olol ufel Hixel BAS AL AT QAW ekl TR 7re) A %)
BEg WA Bt A5 BRY gL Sush] daE B4l 1d el HudE

ATAE Tsle] B9l Tele] O TRAL T= BRI FAEE 90.8%H.0%, 2287 F 21709.2%)
Zeegolq $97E . S 2UHAmH 290, 2A0F AU 34 Aol FLel
AR gol ot AT YTUE AU 7Y ANE LYHT FTFAY Aol WS

AER Ao, BAAY 79 Aol FAAE Fol 2T WA A%HY £AE AR DE WAL
petsict

4 .1, 2012 3g Zate} CfXtQl QIX|HEf

sfel, U< A He) B2 x| AFolets ZoIA AT ol FS HlLPEIUA W 71
JEPE A4 OR ST ATFsat. 1 A% el BAsRe] HEE 197 85
= 1

247 44 2734 2HERIE C, WY ZHE F4 34 £33t 5 B 4Ry
F2% % 228700 ZRESS Er=, Al B BEEE tgolu 9] ek WA St
9 A4S B9 el ZHE 34 BHNA ] AALEL 1979 SeExE

FHAL, AT E 71E Tofd olE2SH9] HRAEES AA 6719 dAY AR o
5

k. Akl Aol Wi dehes slo] S(Hay et al., 2017)°] AARF ZH Y
% 5

u]st, ofoltjo] PAISt FAAH &&, LAFA FE, AV FE, 7H A

it
rh
o

Table 2 The result of open coding on design cognitive activities

C|xfol Cixtol

e SN CIxtl AIRIES % HEs A

R 214

19|98 7bto g
tsAkEo] HAE a8 0 7 4=8517] 95 &85 vl °1XWE*— Hﬁ@

CIXHQl TA|0f] CHEE LA} oA KO 2 A7
CHIAD “Rg H&5| 22U HE

)2
ofor
o
Iy
Al
rIr

S B ot JH=CI(C2)

A8 ZiTre] BN 2R 241517
MEXEE OB (oA ‘Rmatol ABS 57| NSRS 1 LTS U M2A5H= ) OfLIZt st
AYOI2LT HZ517| HE0(C21)
e oo EEE SR MES SIS SRS
o SEEH o =0 0% 2 Hig olg 70l 2EHCT HR(C38)
g mgy | ENSE BRIV FIo SH SAE Metstol B¢
(OlIAD ‘RIS AFRIOH XIEHE 4 QU= HOIAI7IS CIRfQIsH 2] D HesLich
oxay e B B Eg; FHHZ KR

COIIAL “Ghlo| X7t H HiO|HAIE|BH7t0f Cigt RZ0IM AIZES sHA(H14)
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S24 010|020 BT RS 95t AXE|, HEIH QAS TH|EHY|
TESH YN (M) BHE S2H 212 Q2 S0t 272t HIES Yists Ro| HiEE 4
UAEZE 5= fx["(mo )
o sz ETHONIC0ISIMES Saf SHSNK st B PAGL|
°© SEETT(OlAly AEZE F20I= HIO0|UT Y 0 TIRAS FASHE & UAH(HA9)
AS Q| HENE S0 ZHS WE0| 224 010|CI0|S LR35
HERZS AL O14]
(GIAlY ‘0] HIZ 2EI} 2712 M BE0| T2 AL 20 OF 2 sH= ABI(C95)
CIXFQ! Tt TRAEI AZIO|LE X|AS 02517
CIRIQIAZ 22
(GIAly ‘T 22T} 240] B HE20j| THaHAl AHIXIS FISsH E =T (H47)
ST CIXtO|L XFALS| THAHZSOILL 7|2, 2HHS 0183517
SoCv AL
28 (GIAD M 22 Z20l= E0IZ 0 S= ZETH HOJA FO{LI0f AL BH=E(H24)
] S2Lt W40 ZYO|Lt IS4, 7|E} QB E(X|A)S 012317
Aol
(OIAlY ‘ZHE TIHALIZO| Th3t HAF 242 24 BHO= A (H56)
) BPRIO| FTHQI 23 THSH0| st BHEHOZ 22517
204 24l
(GIAly ‘HAFO= 5t 57| IRHER BL§7| 0f2{2 X ZTatT(C50)
THRIQ| FIHEQ| 48 UrEkol| CHshM BHXOR 23517
Qif%*xl Xﬂgkl SHA| — — —
== (FOE) (Gl “HQIME QIR0 HIE (=52 3 [ ZX| 42 HakS IFICHs HRE
QAT(H20)
g RIS BT 8 YO ChsjA £HAHOR 25|
SEETE (0Al ‘0I74= Al CIXIIHS O T(H28)
gz PRI 0 UE{0 SO F2ap)
Xp7|2HA1 (GIAD ‘E G| ALRE 4 Q= 22MS mOoRT(C5)
FE mMEAM spAl DI 23 YE istM SEHoR £2517|
(FOR) OIAY ‘U= MRS 22 oy|= A DA BEIEIDR(H110)
ME CH2 £449| 10| CI0{LE A2} HITBHA] M5ty
HI i EHE OfJALY ‘TEEHSPHO|LE S & SPRAIS AT} IHEIRO| T AJO| X HM AfTjXo 2
SIAMO]| THEH 2247} BS 4 QU=|(H32)
a7 o 7|Z 0to|C] 0] %Ef HE A, Mate 2Hs)|
met EX- T
(GIAlY ‘TIBHA EMES 7)1 TE0] BHEHMTHCSS5)
o U 7|Z0] M2t 7|Z 0t0|C|0j2] EIHAS TII5L7|
REE L
(GIAly ‘OPL 2 TAIOR ZHCHSIH| B2 4 QU= RE0| UX| LST} SHM(HI5)
AR, Al shsArE] JNd A owsf Agko|th, oJu] LA (semiosis) TR ZHEES PAst= tlo
LA AAZ-E 2 2 (Darke, 1979), AR 2] WFAS AAstel= A Aozt & 4= 9ok
Ex LEﬂ;(Krlppendorff 1989)°ll 2Jstd oJul= /g H g LAdd Ao, Bt 1o A-§st=
mety 542 Augog Adste] S3E U2 AT B A7 Fold $RYEE A5
271 I a7t ABAYIE AABFex. LR AFE W/1E AF ofoldo)g 5o dages
ou] A4S AESIETH YAl B4 32 £F49) Wk A5 YA, AHEAE THNA ol (ex.
‘S50 A7) doprA| ")t L A ZolAY EAAASS HAHex. “AA7F A v A4 A7)stA L
Ao HAEAHL EAH o FA(ex. “HL Hiol2 A 4ﬂ°¥7}9”) 1= 1h2] So] STk I FoAE
EALE ot AR ol A 9] osfiet T E X5 o] RIHsH AREE I At E o]t /HdH
oJulg SAtH 0 R 9AF ety —ste A AL BElex. “UAHANE FE3t] TAHQ 2ol
L Aot} sk Bgo] EYF 0= et

=4, & Aol Folgt bRl EAEe] 7HY Wol Egote AR AL ‘ofojrfo] HASY Ho| it
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Table 3 Distribution of cognitive strategy use by design task stage
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Figure 1 Radial graph of design task stages
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Table 4 Comparison between metacognitive processes for the use of cognitive strategies (stage 1)
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Figure 2 Radial graph of metacognitive processes (stages1)
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Table 5 Comparison between metacognitive processes for the use of cognitive strategies (stage 2)

. . . T HIE
=
20| planning monitoring regulating (HIS%)
22 32 18 72
Tot
30.6% 44.4% 25% 100%
- 2 3 4 9
JH'E = ofo|st
2.8% 4.2% 5.6% 12.6%
_ 12 13 10 35
0f0|C|0] BAI2t
16.7% 18.1% 13.9% 48.7%
o = 4 8 2 14
QLM 2
5.6% 1.1% 2.8% 19.5%
- - 3 3
QAEX| F2
4.2% 4.2%
o 3 3
AR ES S
4.2% 4.2%
4 2 2 8
m7LE met
5.6% 2.8% 2.8% 11.2%
JHE5elo/st
20.00%
15.00% _
FopEET 10.00% - OF0|C| O M =t
w—lanning
monitoring
e reg U lating
PN e FTHEEE

SREXFE

Figure 3 Radial graph of metacognitive processes (stages 2)
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Table 6 Comparison between metacognitive processes for the use of cognitive strategies (stage 3)
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