Journal of the Korean School Mathematics Society

Volume 13, Number 2, 205-224, June 2010

=

W=

1A olwd T

H A
it 29

(flow)o] =8 Z¢
9

)

}

129 HAHMCPSAT)E AAlstkx, H

)

Jvmo

" BEKR XL oA M

A
}e AFs
I Jee v
13 o] 2] 31
AT T
P Fu
=Y9E o

=
A
3
=
=

14
Ae) A el
z]

3

=
32
A
of
A

=

LR
o A oA
?ﬁl
3
3
_Zr

24
o7
o %
55

ol
]

Bo

AR gon
ol

—_—

)
T
" 5

o,
=
[
5}
w2
&}

7
s
ES
[e]

el T ot

o I o

o) ©
RE o T

= B . X
R
BT R R oF o

ARAoz Aqnw WEeIAs 45

o w2 Wy

= =
A=
h=¥e)
= 4

3
2

12 2 ol A 9]

PR B 2
A 3

al

Z

or

Fago] @ WElA,

A E

J e
™ Az

3

=

9/]
t. ofel
el A €]

2 %
EER!
w7 %

A
3L
3
3}

‘_Lmo

Fask HAg
FE

o}
A

[i3
=

2
[o]

LRSS
v 3f of
ol 4 2]

] (phjeen@korea.ac.kr)

O
2
gl

3l
3]

SIETRES N e
& a (kwean@korea.ac.kr)

el o
&

ERE!

205



=
i{_‘q
2
(i
&
2

gl A sld e AEsA Fede did Feads dxsty gom GLsAA A
A5, 2007), Fed 53 FH LAsEE SRS g Hgor g x4 - Ao
Melsol se#s 9l

add H2 Ay el wh=d shdo] Epgtel] whEh SIS ot diEd HEke
- el AL gl AR OR(lEA - S - Fean, 2008) o= A S5 A 9
= wsHAA A AR ag - Sayon Qlste] el ot oiE &
HE ol MR Wwdl Aow ddstn guhAed - A E, 1997). vEeF ol e del
AL ATy, g w3 Foj A LA A A ¢ eE 452 v o
A olE Bl e B TAEdH s s A s QXA Fwrt of
ek Ao geiA g Hojop g ok ¢ 9l

T Fedeld FoA LA g nAE A @vste] gdd dEEE U
= Aol (1A - BEF, 2003 wTh ol Fyde R TASd Ao
A asE T old whep g EAsl 2t Al s Ho| AHEshs A Fe] gokAu(E
A8 - FeT, 2007). & AN e FEk Fe gt g oA TAdEHE L A
o Ha, ot FoA wAs Y S ¥ vAE wde A1H - Ao Fa W
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5 Ags Mgets 24l AFnaAgE 9r(O'neil &
Brown, 1998)3}+= o2 A ol AE, =4, A, @, H7He F8 7S st
= AR - AN, 2006)- v}, Silver, Schoenfeld ¢ AFAEL TANE A
ol A WeRdA 7} Fad JES v A= 8AYS Ax, Russo(2004)<F 53819 (2007)2
FoA LA EY S AAsts wetom wERRIAE KA wEA A et #8 Feo)A &
AsA2d FE APAFTE (]8T, 2007, 23], 200002 Ay B Ay weel x| 8 F
oA FAlsf g o] & At

EY 2 Csikzentmihalyi(1975)0] ¢l A& 27| /Mdo g oWl HAAsfdolrt &5 F
wf e s #HA e AR A(E1E, 200902 kA AR (EAY THe] Z3
A1l W=l FAZ, B8 B3, P gAY T, AAd o HE, A 27
=, Ao Ao A ATEAA AR o]Folx] drk olHe &8 AAA &3 A
oA ZJow FEY ¢ o, E997 #AHdE HAYPATFES T =40l dEJIA (o)A
A, 2009, 7 - £53) - v E], 2008, ol 27, 20019 F9)/d (Sosik, Kahai, & Avolio,
1999; Csikzentmihalyi, 1996; ©]F<, 2005; ©l#|uh, 2002) 7 2 #A-e] & & F U
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=, vl s 90 4 ATES F9 dlelAe B9 3 Fold Eaage )
felm @ felo] glom, 5k Fod LA A dFe MAT Fa WAL T 5 9
o adE exd 58 g gAsAdd ud A7) FageE Bysta #A A
SElq ATt olFeH Rakn Qow, MuAA B B 2n 58 FoH EAs)
Aele] Al AA WS B 3w AT Al 2] wAm AFA ATk Bad Aol
o meb B At 53 3% FAsddel 9 WA Fa Wl ueely
9 zqo] 58 Fo)n EAdgHd ojMd AP nALA F2A WAS FEHRA
av),

ool wel X AT BAL TR 28l QAL oo WEANe} 5 e
A A 7k AN BSje] wNmIA} o] F Al W 7re) FxH BAZ opr A



Ak AT B4 £P7] 9% AFRAET v 2o,

D el A, =91, 8 Fed A2 e 7ol oW #io] =7k
2) MEIA, 29, 8 FoA TAAH te] 72A AAE ow )

L e As BANE 2 Fel A

e 8 TAE ddsts AN FF DA LAE AdsdeA vl AR
AAs] A mAY EAEE A Tl & FEol A gleA FdE & menA
TAE adsurbs vEr A S SHEFE - 285, 2003). ol g wEelA 9
NdZ statel whel vgstAl Aol H i Y Flavell(1976)2 ®EFI A& “A}4le] 914 34
of A% AN AE=E, B oled Y Awte] A"om Aelstw, velQlA s} vlE
AAH  AA wEE AxF AEoem pAFUTI A s e W (Flavell,  1979),
Brown(1987)= "lEIIAE d=, AAL ZUHEY, @4 H2E, 24 dida gd5a AT A
T A FEH Aol Sl Zoshs F2% JeolAt AY] Al AA %‘%Oﬂ gk 2l
Aoz Aygdit, o2 Aoles FTHste] AAAS(2008)2 WERIAES ‘EAE Sds=

Aol A 8= A9 AA dER DS AASH LA AR Ayt gis] v
92 HrislE sEolg s Bkt

Bt el wErelA] Ad-e O'neil & Brown(1998)e] A3l “EAE 2 & & 3l
= A=S AdstE Ao AlmaATS on sl 22X (Awareness), 1A A ZFH(Cognitive
Strategy), #1% (Planning), =4 ¥ & (Monitoring)2] 4714 5}4 F(0O’'Neil, Sugrue, Abedi,
Baker, & Golan, 1997, O'Neil & Abedi, 1996) % o|Fo]# it} 212 (Awareness)< A4l €]
AlnE A E s e Aol, AA A (Cognitive Strategy)2 EA a2z AHE XA
5o AYA ATS Ags= Aola, AF(Planning) L EA4S Y3 ExE AAsa
A BExE5 A7 o 44 TZﬂOHﬁ Azt s gt As s, 2y
H & (Monitoring) > 53X 5 AFAsH7] Al =4l EAH2 A4S A 2 =4dsto A4
3 AES AMEEHA st AS wilt(Malpass, J. R & O'Neil, H. F. Jr., & Hocevar, D.,
1999).

FEuSAA HEQA I FEHHZ] A A A2 1980l Schoenfeld, Garofalo, Lester
T LA el ik Aot wHo] Yo (o] - o] F-F, 2002), A E FHAAA
EFRIA 7 AbA sk &) FoAdd digt 14E Foiso ST (AEs - ol dsh, 1994).
Silver, Schoenfeld & %W AtghEo] H3sh 8 ZAE A2t A4S dEs 2 4
I EAE A A Ee Ao ¥l ]E}O]x]ou R AA st A (Silver, 198590 A
§218). Mayer(1998) 38t 32l 38 A4S Hairs WEAAZ 8453 &
< Basgvh 2 ¢, B dAFsdAx UﬂE]rO]XV} wAd A #EE T diHd
< Belal lom, A de] A A4S vERRIA Y dEFor B ‘R)\‘jr(ﬂ«];“ 2006).

Russo(2004)= oA &AE-S sl st AR A - AoA Aehs, 9714 9
9, F¥es 58, 9 QA (metacognition), kA Az Z|so] Qqtdvin Adrgeiu)

|
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Q0D =R FOH FANAAS Ash we ook T WAOR WEAA AFE A

AJatd, A Selo) EANAS AdE Syt LAR SR SAgE A4,

24, AAREs gomm ERH FANZE AdES dFvia

Bt B4 A wdel ks e AFARE(RAE, 008 FUA - =g,

2005; =g El, 2000)= FElAM I Fo)A SAldEe] wWErd A A Hdero] Al o

WA ARG S 5 Uk Armbruster(1980)E F) 4 A3e] AAL AXA AL
o]
7z

o}

©% Wallas®l 34 A5 G(F-e-20-25)9 2 GANA vletax) st
48 A 0 e AYse, AR ofeltlelE st akshy xYsy 43
£ oA WES) BE AN A9 AAIGS A7, BA|, 2dets vEAA
7oweA Bade ANe A&z, 2005). oo @l vEdA} FelA Tl
Bgol A EANAL Gla Fad AL F& & 5 9

WW%ﬁﬂ
Ml P O X o o

:l:‘4

2. = ZAAE 2 oA

=Y (flow)ol&t, 929 FAA FHidl 484 JdEZFe udigidoesr JAE=R
(negentropy)etal E2]7|E s, WA sts5& AFEA ot =4 BEE ‘E T2
A ke =A'or RE Fr BRARE g0l AFEFA AREHE HA A
(optimal experience) 2 HE W3l th(Csikszentmihalyi, 1990). #+eF 987} 48 EAZ &
stedl & A4S 71gola, HAE A dste otk 7| RS e & Aol 3 1}
=9e Adst 3o,

Csikszentmihalyi(1975) &%& " IA|s 2ot} %Eoﬂ HAzd o Yees HA9
Agdatoletan A5t al, Jackson & March(1996)= & 9 g vlszek
Moz Aystw, 82k (performer) 7t AHAlo] Fastil )&= &5 &3] A A(totally

N
Mo ol WY

e

)

connected)® FH= Aeolgity o]2g &91& Harju & Eppler(1997)t a2 EE= pAF
o4 gtge f% AARA HA=Hola A St 87 H= =2 FFY 7‘14 Zhed

5 FUANAFE= A9 7Ae A st

27 skko] #AHEHE AP AFE(Schiler, 2007, Egbert, 2003; Csikszentmihalyi,
Rathude & Whalen, 1993; o] &, 2009; 248 & - £&3] - ¥ g, 2008, AL E, 2007, ©]5-
T, 2004, olmE, 2003)e W=, S5 T EAlEEd AAAA EJAEL dAE g
A43 2 TANEZY T JIFEe U] A, 29 A9S F8 dFoRFHY A%, @
=7 AR o5 A "ol wet g Zeo] WslE Zb vkl gt ol gk Shgol Al g
EHPATES AHEH 59, E]r—’djrgoﬂ 3 8 WA A5 (Heine, 1997, Mayer,
1978, ol&d - s - %%T’%, 2008; olm®&, 2003)7F Bol A HNeW, Etu ALy} 5
ool gAEe] EUAEE ¥ B g widAe &) AN M =
YeEreg o ¢ ek dE 2007; Csikszentmihalyi & Schndeider, 2000). T3 Aok
(200M 9] A5 Tl Ftuz 01]’\14 thekst shsdEs S gAY EY AIHIET EA
A

=

a4 Aol A 7};2} A vEEE o vk ool et & Al e S wAE )
Astz] 98 ApAle] BAle EA ol vt %‘rﬁa Asstel A EAls2sE s Hojgh i
st w7t =74 He A olgkar A ostaat g
Csikszentmihalyi’} #A|A]gF E4L& 9712 FALA(EAT 75y =3 dH< g9 T
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)

MERRIA, 25} ok Fola) AN AY el FaA B ¥4

&, HWEe 54, AAd e, gAY fJE, FAE, 2o A, A7 W, A=
A4 A= olFolA glew, olHqF & ]91 97HA] ?L/‘é&i%% Mz AdHa da A
% o] 4 (Csikszentmihalyi, 1975)°]t}. B8t &d L2 A4 - o4 o] FdH 7=
A AAA Q] S sgsks ohE WAH E 719 7 (Heine, 1997)8H
iz 2= FJF5g 282 3= 1294 Abil(high-order thinking)7} 855
Asidd s =9 o A&H Avk(adss, 2008). 44 Atas 3 wAEE
A 2 BdE A e, e FeegAE FHE T Robert Lee
=
=

g
o,
2
>~

sl ‘Moore 3 (the Moore Method)' & &HAY O] R FES Bl AYE

B3l FEste FAdd = 4 SAEI ALY BAlE wEo] F5 AoR H]14¢ /‘}
ol ok FAS A 2L WgoR B S Qlrh(oled - ids - SEaE, 2008).
Csikszentmihalyi+= E9S 494 29 0}7] HAAME HxY HEA, LA dolke A
g, e Ao w=wlo]l g Rty AW S TH(EE, 2007). 28 dubAow fIEA
o] dolE= FAE9 Fwd vE] &, oo ubg} «4‘:“‘” o] h% T A7] wWEdd A=
o] e AlE HAst= TAAA Csikszentmihalyi’l Bsle 42 47| 944 &=
Aot} AW FxE-L CsikszentmihalyiZ} A A& E4-& HH} A} (Fast thinking)9) &
Joz pale] AFe EYPS WAAN Alar i =@ AL(Slow thinking)d B o=
Hato] Agojsty, A7)7ke] wgE Fa dolkrt =& EAd #9498 ¢ d5s FHEH
(o]5d 5, 2008)

Csikszentmihalyiv §-2]1¢] ¢2le] HFo| F3dF& F++ I7HA 842 T4, 5%, AL E
] ] A=, o] Al 84T oA Axst nAAA ALE 83ke wAEE HAFeA 2

&8 oA drh HxEv wAE dshr] sk ieke AAsi, Abaret A e 72 Q1A 4
oﬂo:’er AolA o EASE Aol olg9 FIl 8% Aee drha gt o
v FEaEatEe] SFAEAA 2AAA AL F59 F8AAVE a2 Ao] ofyg, A
59 84 g w8k aste], Aol 8ol e WAERN Y AAS JAE F

O

=2 2 wEoF S WA FET uH(EAra 2008).
A A9 (2003)¢ Dewey?] o] 2o 2Aste] 2918 “xpalo] HAs Fx AR = wh
A Nee mels TANA o4 9% drlss Ao AgsH, o) o4
EAH A =S Hoay ZAA G E]— Dewey2 & 2= + 7R Fo4d 44L&
&3 DTHA AR, 2004). AA, EE) AV 5 F7H JAolete HolH EYL Tl
B & 5 oglow, B, A7 AN SueA BJe FojHola ek 5 glrh ol

¥
N,

|

=

.

g

Fe)d i 5 gie E9jo] FLAIE = FAF A, 2003) Csikszentmihalyi(1996)2] <1
TE T & ¢ don, a= ALY vEE SASAY A2 S #AHEE aF AT
3 Esta oy s o u 2l =9 Aol B S S 4 A
AE 29092 AAEF T S Sosik, Kahai, & Avolio(1999) % & o] HeolAde 78
#8875 WAL S AR eH, 290 Fode FXd dFE Foe TUHAT=E

£ 0]F¢1(2005), ©1WHH2002) T ol 3

o] 2] 8215 (Krutetskii, Aiken, Balka, Deridder, Hadamard, Poincare, Loewen, Fouche
)L FEA AadA  FoAe FoAS AxsH(o)AA - FET - EXF - o) Y,
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2002), 7Aool A THEE FASeE A% 89S

T3 - &F, 2004). FE o)A MY gxbaiet A Aolrt tha JA R AA Q1A
A 4 (process) ¥ AFEE (product)S #HEC] W THoR o] AHE £ ity 3
of A& & 78 F94 Jde A¥Ed Balka(1974) = 53

e A7 8l on MR A e AFaAlE Al vEoex Aelsir), Haylock
(1985, 1987) & Fo)Ad& Abare] 3128 553513 AAl4 S(mental sets)& HWolu &=
sHo R NiE FA AdgdA kst 5349 v d ¢ e sHoly Fost
o}, ghdde] wheah(2009)e] wEE AEES AR 8 pI o)y Hbﬂ(Sparker 1960;

¢

s

Jensen, 1973 &) Ao “F8 A9 Sl g F5513 Aol X F& AUHS AL
&5 AE sYor A g Axet A AR EAE A 0431 TAE THA
2 Alaste] BHup 34 HAlE e e ¥R Ha uim sy B ol A
= T Y E FEF2005)% AT FLSHA A EA e A" AR
oA gxste] st AEES e AAFoR 394 AT A4 dA - FEE &

A&HE — a2 EAAx)oz A},
Triffinger, Isakesen, & Dorval(1994)#} Urban(1995)2 “Feldo] EAla 2 Ao L3
Avks 48 Axgvi (A9 - g4 - Qb g], 2005004 A 9l-& T}
AM FE=HE AR FoA TANZYIA A FLAEtA] AMESE Aol Wolxt
(=48 - 857, 2007). 43 FUGANE G LA Ze] 112 ° A
o= zhFstar glom, g A A #d s ek LA dd ool s
HH(RALE - DA =, 2000) 1 Uers BT 3l
Hadamard(1945)+= 39S AN Ee #HFoz HAisn, SAE EHiL f2es g4
59 g5 Fxo g EAAoR FAet o2 ALs gl vt Aok ol-s Holgt
3 Zsk (A ey - A E, 2000914 A Q-E). Armbruster(1989)= Polya®] A8 2 T A &
Al olsl, AY ¥, Ad /‘“‘53 Hhgd)et Hadamard® 7914 Abal @A (ER]7], F37], A
A71, A7) A AolA dASL vk AR tH(ERE - RS - AAE - A,
2008). TAIA o AW EY, %319} wAels, A Ag A, fd5H Y dAE A
AR Hw, Fo]A A Wo] Fxue Fohep oA Al WHol Axy= Ay dAR
A stA] ek=thal ghok (o] 44 T, 2002).
o] FASNE HAANE BE TAMNEAAN Fe)de wE A2 o)
P A S shAY "rxﬂ R —/Ffi.«] Zle’eb= A A HETa
A A H S 9uEge & F AiHALLE - AA R, 1997). o)A
= YA EA A o R A Ay
kA ol vh(A O‘aL - A E, 2000). o]o wel 2 AFAAME F
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A dZ YHES AMFA BEA o] 58 ZAZS dAsAY, Aalo] ARE EAE AU ol
v AA A, dEE Adste] 8 EAE sdste sEToR, Aey - AAR(1997) =
“8hE Al A =

Aele,

u)
i
:cg
iR
_0|L
rir
&
o2l
>
Lo
oy
>
X
L
X
X
lo
il
M
2
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rl
iy
=
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Wor

3 g4 gAsde) BAe BAoldl, EANAEL A% AN £, AR ola, 7
BANE Avke] O YO 4AR T Qom, o 4BA YL AAE B
S Amd, £od FoA, FEA A G, A4l £8 K BANEL 99
FEATHEN S - GEF, 007, B FA A9 74 @A 3 FoH A AL
M Abmsh B sk BA AEske, FeA Felgel Ashl AeshA ik
AL Deltha, oA Aba SEe] FulAl A8 st Aot FEA st doji
Al AT A - BT, 2004),

m. g4y 3 44538

1 A7y

B ool oA - FETE0NE AFINA A& AET FLaA el 45

WEE WI PEA(ES W) oo my £8 GAFAYL ANAPS FEeke A

g, 914, o: 1029, F

=AM = oAl EA S < AAstE B4R g9y g9 A e S AW
TAE T Ee HIAste A% 78 Fo)d FAsAE AANMathematical Creative
Problem Solving Ability Test: MCPSAT)E AF&3t9t) o] HAAN= & 509 Al7ke] &8
H™, MCPSATE 34, 84, 5348 Al 714 7oz 73 FoAds S48 At
oA A A& ® A F == alphadlss 710140l MCPSATS 37401744 - 85,
200790 A1 A8 o AAE <E 1>9F #Zr) g]a MCPSATS Adwy 92 7
o)A - e T - AER(2003) Tl A AFEE WHE wEv

<E 1> e AoH ZAsZE AAHMCPSAT) S 34
Y| oae | UE | AE Bl SX g BAl o
we  EACE g wAe) EAG} FA £
6 #7870 | Haylock(1984), 790 - 7% - ] - 64 (19970
! e | EF | BEA | SAABYOl ALET 9] Hlnine dots) EAE
v 534 | 1670 A FAR WY
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2 | gamy | =9 AED - A% P FEHAWDE) AL EA
I 2 A4 EAZ Wy

Hashimoto(1997, p.10) 9] <=Z&A4] (The Water-Flask
Problems) ¢t ¥4

Sawada(1997, p25) 2] F7]E &4 (The Marhle Problens)

7= N
=3
A slgt e
AA=H Sawada(1997, p26)2] YA= 7 Al (The (lassifying
5 e o A L N o1
&5 EA Several Solid FHgure Problems) ¢t H &

it odo do |1t do Ho | it odo do |t oo do
o3 ot ot | o offft ot | o2 offf ol | ot ofl oX
o, oX oX |oX oX oX |oX oX oX |oX oX oX

2) WEAA A

e Hold FAldAddd e uAE WEIA WA Ay Y O'Neil &
Abedi(1996)¢]  AFelA  128hd SHAES oige= gk HWERIA AAF E(State
Metacognitive Inventory)E W etste] AR&s7|2 strh, wEQIA] HA= F 20383l A
ARAIZEE 10E oY) o] HAF EFE WERIAY YWl A (Awareness), SR A=
(Cognitive strategy), A & (Planning), =Y & (Monitoring) 2.2 4 7}X] WF2 FAH 3]
3, Likert® 44 HIxolvh & Aol A e A= X+ alphaAls 890]% ol vt

3) =9 AA

g Aoy FAHZHA JgFS HHAE EYHEAS SAsr] Yl Jackson &
Marsh(1996)7F 7Hitel &9 A e 2 Z(Flow State Scale)E Wetste] Abgsl7]= gk}, o]
A F 2089 Aol Ao HT, AR TS Csikszentmihaly7F #1418 &<91¢) 9714 3}
$ HAdsAF] 544 A, 54, 243 75 23t AAY fdF, FAE, s=w gy
9} o) 2le] FIF, AFHWHE, Ape]ale] AR F36nFoR FAFH Qi Likertd 548 A
Zolt, B Ao &Y HAF AFEE alphadSd 950] 0]t}

20094 2817] WRE 2010 29744 Fshw 28 S5 o
) ARl gl AMEASS dow HrE ANSATh AAAAE MCPSAT
A8, MCPSAT EAlslds 4o stasel A% -4

erol A AAkeh B4 AAE MCPSAT A7 249 5o 242 o9
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An Analysis of Structural Relationships between
Metacognition, Flow, and Mathematics Creative Problem
Solving Ability

Park, Hyejin® - Kwean, Hyukjin®

Abstract

This paper examined what structural relationship metacognition and flow, which are
identified as major variables that positively influence creative problem solving ability,
had with mathematics creative problem solving ability. For this purpose, the
Mathematics Creative Problem Solving Ability Test (MCPSAT) was given to 196
general second-year middle school students, and their cognitive and affective states were
measured with metacognition and flow tests. The three wvariables’ relationships were
examined through a correlation analysis and, through structural equation modeling, the
mediating effect of flow was tested in the structural relationships between the three
variables and in the relationship between metacognition and mathematics creative
problem solving ability.

The results of the research show that metacognition did not directly influence
mathematics creative solving ability, but exerted influence through the mediating variable
of flow. A more detailed examination shows that while metacognition did not influence
fluency and originality from among the measured variables for mathematics creative
problem solving ability, it did directly influence flexibility. In particular, metacognition’s
indirect influence through the mediating variable of flow was shown to be much
stronger than its direct influence on flexibility.

This research showed that the students’ high metacognition ability increased flow
degree in the problem solving process, and problem solving in this state of flow
increased their mathematics creative problem solving ability.

Key Words: Metacognition, flow, Flow degree, Structural equation modeling,
Mathematics creative problem solving ability
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