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Abstract Training using metacognition in a learning environment is one of the topics that have been
continuously studied since the 1990s. Metacognition can be broadly divided into declarative metacognitive
knowledge and procedural metacognitive knowledge (metacognitive skills). Accordingly, metacognitive training
has also been studied focusing on one of the two metacognitive knowledge. The purpose of this study was to
examine the role of metacognitive skills training in the context of mathematical problem solving. Specifically,
the learner performed the prediction of problem difficulty, estimation of problem solving time, and prediction of
accuracy in the context of a test in which problems of various difficulty levels were mixed within a set, and
this was repeated 5 times over a total of 5 weeks. As a result of the analysis, we found that there was a
significant difference in all three predictive indicators after training than before training, and we revealed that
training can help learners in problem-solving strategies. In addition, we analyzed whether there was a difference
between the experiment group and control group in the degree of test anxiety and math achievement. As a
result, we found that learners in the experiment group showed less emotional and relationship anxiety at 5
weeks. This effect through metacognitive skill training is expected to help learners improve learning strategies
needed for test situations.

Keywords : Metacognition, Math Problem Solving, Smart Learning System, Metacognitive Training

7391 Able Edutech CEO (A14#}) Received: December 31, 2021 / Revised: January 5, 2022
#7239 Able Edutech Senior Researcher (nLAl#]%}) Accepted: January 8, 2022

2021 129 31¢, FAGEY: 20229 1€ 5¢ *Corresponding Author: neetsl1@naver.com

AAZAL: 20229 19 8 Data Science Lab, Able Edutech, Korea

- 44] -


mailto:neets11@naver.com

The Effects of Metacognitive Training in Math Problem Solving Using Smart Learning System

LM e

HEFIA] (metacognition)t w58} AlE]s} oo
A RIHSHA ARgshe d e R skt dHE B2 A
H]Z 7)ol WIERIAIE ARg-Sto] s girt v
Ak g 19709 % wEl7]9] (metamemory)©]
= TS Ao R whds o dhge] FHelA
= AP A7) 222 QIAHAE ofsjakal AlaL
9 2A fARAS A, 53, G FA-sE V)5S
sk Aoz deAdT [, 21 z7]d HWERIA = 8-9
Aol Were] EubeE 1o dElA ghout o] AT
HL 3%lo] 101/\1‘: e ¢ dgo] FEE 7= &

o
o

raining for Educational
Remediation, MASTER), ,JE B (Introducing new
material, Metacognitive  questioning, Practicing,
Reviewing, Obtaining mastery on higher and lower
cognitive processes, Verification, and Enrichment and
remedial, IMPROVE) 2h= wERIA] $H Zz2a9S
AZet ATE o, B & AFEC] o] TR
S ARt vhdgk SASONA 2t dSS AT
st [9, 101

& ArellM = HERlA 7

o] &A Foldl g7t A=A :
3] COVID-19%& <late] HltH ShFo] 3 35 4=
T SR ot 2Rl SAA HERIA FHE 4
AlgE A= ol y] glEt) [11] wehr] AntE sy
AzElS ggsle] StAESl Al Fol et A] wE}
AR 7NES FEE F dx Uk =gt A4S
S 1 gE HIstaat gk

HERIAE= Al 7k T8 SHoz AgHn [12]
WA WE}FQIR] 2]24] (metacognitive knowledge)-< ’ﬂ?ﬂ
A wepIA] A A o= Abgre] w3t 1 d9ef i
de] x2S ofnjeic), WERRIA 73 (metacogmtlve
experiences)< A A %}%Loﬂ’ﬂ«] MRl A2}
(awareness)?} =7 (feelings)S 9w}, wix|uto 2
WERIA] 7% (metacognitive skills)< +F+ w3},

o] 7193 22 Q1A gEel Fagk TS gl o
HERIA] 7] Abge] HAp A4 1 ol e Eel

o Aol e Ut A71EA 753 do] 9l

¢

o} [13]. o] & wElelx]= Mol welelx] x| A3} A
A4 olERIA) Ao BHsEeE ol Ae i B

FrollA mERIA]l A4 B mERlA] 7]E st AR Tid
oltt [14].
AlERIA =

o|FoHT) E3] skl EA &

A% wUE s} 2 wERIA A Ao 768 7]
2ole% she dae) W91E TPsn Aot (0] £
el FUe e AY AFES A, BUH3,
Seu Sne) WA g v e we uee
FAe A% gom, Bad a9l oe 59 4
g ol M= S o Fe Wl e Fa
o &HE 9] se wele) e

A = =
= FellA o] HERIA FHE vl 7R AAls

o1 A3} A2

Colge wAle] g olstet
Aol 47, 8A NS AT 44T A2k A8, A
elsh slael va B)ang shws 6] FAe AAe



The Journal of the Convergence on Culture Technology (JCCT)
Vol, 8, No. 1, pp.441—-452, January 31, 2022, pISSN 2384—0358, elSSN 2384—0366

E XN o oor M B H NPT T AR EFT RS RBGNNAT TR AR
mood N AE AT AR TS Mﬂﬂﬂﬂﬁwﬂ%UraﬂmeﬂLﬂﬂw@uzTﬁMMWﬂﬁﬂnm%mMﬂaﬁ&_
Tew Pal FaePel® el negE3oPaw®Ry yWeggze®ex
JBHMmeg zﬂ@ﬁagﬂou@mmﬁﬁﬂﬁgi%ﬂv%mx% zﬂammmﬂ%ﬂﬂgmw%

- X o8 W o .0 0 = o) B — o) o B B . x O O o A

J oo J T o B

P28 Eern HwolEigp®EiguxEs Rhean-olewd o5

— o XX DT CFdMaTmAE Y B El mwmEm i e T D
ML7 ,%_sewuﬂ MuTﬂEﬂumT%z%ﬂlioﬁﬂLﬂ;oq.mw{__&edr%xﬂﬂ_ﬁﬂogﬂqﬂw ol =
ouﬂaﬂaﬁ%iﬂ gy WO N o B B e T e WO o g sl )T oo

T oO®®Em oy %ﬁ%ﬂ%uﬁiﬂ%%%ﬂ%ﬂﬂ%%%%@%J@rﬂ%mwwwwm_mg
FURTE & RAETITP @B _gmsxnBg  ©F - % om0 BT o W

w X How %T%ﬂAu%%%%wo%ﬂ%ﬂ%%%iwﬂﬂo&%zm%ﬁﬂ@lﬁ
AR ET ) PIgRsgdsTfdFRdgex a3y o "5 55 %
TG R R SR T ' ;B SN i -l I o i

B oo ® oy 0 W - E T ST Pl T W I TR EK gL gD

b B FLLE \I,Dlm_l N o A OA.E A4 N —_ ny g —_
O BT TN N Bl O R T IO BTl S
mau,uouﬂm:d@?i%ﬂﬂ%ﬁ@ﬂ%ﬂ%ﬂ%%%ﬂ%ﬂ%ﬂ%?ﬂiﬂ%ﬂﬂ@wr.
g%%m«@rwﬂaaﬂﬂﬂﬁﬂ%}%uLﬂlﬂ@ﬂ%ﬁ%%%ﬁ%z_zﬁmglo_ro}i@%ﬁ
TP TR K, HFE W EX TSN o7 PR YPHEHTIT g AR T o
™ = .. T 15 - = X = ﬂEL i L‘wuﬁLﬂll ofp
AR L T tgptro PARP g T e X T BB e
T W TR T T T KT BT N . S S T ol R S TN AHA
RO RBFRDXP HEHTEXEITHITDRDARFE XS T H <D g 3k x o
PTTUBETII ERTEILEEIEITICTREILTEIIC 4R
ol X = & X X o LT T = T R oF J — T T o) N = ks
ﬂUcﬁooﬁamﬁ%LEL\qﬁu‘ﬂlq Naﬂnwwﬁc*ﬁul]ilﬂmz_ﬁm\m J@A]ﬂﬁﬂaﬁ%ﬁﬂ_’ﬂlmﬂ% JlﬂAlL
gMan  awlaPy  arePsEh PPk S PR 8 5 A
BLB s UGB BT g PERET LT e B ETEDT R o T e
oTWﬂNﬁﬂ__oEﬂﬁNadlm,_ﬁﬂA%oh.ﬂotﬂo#ﬁﬂiMaormﬁWﬂLEOt%_ﬁT%ﬂ_E.mﬂo#aﬂ_ﬂ_%ﬂﬂu;ﬁw B o
TLYN a3 B guld g wERXT Taflbrgies L3
T g el d Chagdgered T o Fayeg tgmsall W
w‘omﬂou_mo_%z,%@_z_ﬁ%%ﬂ%ﬂﬁmmﬂwaﬂﬂ&wﬂw@%% e d o B ol a4
W T WE w2 g CLIPN - T T e P E
R T S ) Rﬂﬂwﬁ1uﬁﬁﬂmHAmﬁao,EoM%O%%M%%% ° =
vi Wrﬂ_z#ﬁﬂg‘”] i,i_g,mﬂ_/;oefhu%a_/dl qo,lylb.._,mw._élo \Uﬂ_t‘.gduZﬂ_OIaL ﬁEEEM
]Eﬂ%ﬂﬂﬂWﬂmM?mﬂwchuuuﬂs&%%zoEﬂxJmeqw.%éﬂ%ﬂuﬂr.ﬁztﬂ_%% lnﬂy
T N _ = G - = -

gy — =~ %o vl ﬁﬂu,_ —_ = = =23 jahet chEﬂJ — N <¢ -0

RN L ee Tty R IR ARy IR Banc s R bR PaE
DR 2o W E g Hw Ak e e B R AR e T e W e i =
ﬁ#%@ﬂwwoHEWM%M:ﬂzmu@%E1%ﬂrﬂ%oﬁam%w§@@1% il
i B PP S ™ 0Ty og e S g T Mo - wm Wy D
B s ! T o W PRI T S Tl L T e - Y S = = T
PP T o x w9 T es P 20 ek, LT sy ®OT
THarmrellwy N Fleerdl _rpROEw S R LT piwe g LM
BRKE Al SR e O I T EER S Ty o e e Py BT
PR P TR A prg w2 RRGIE e s TRy oA
WAHGEH B RBUTVTEDTTR WP HHFNFETTTETXDTETFE T TNWT @

- 443 -



The Effects of Metacognitive Training in Math Problem Solving Using Smart Learning System

| A peo] i e

]

|7

Al

=t}
=

Ak

p
.

W
e
DS
N
ol
)

Aoz 7|tEt}h

STA

© &}
= =

}

o
Rl

=)
=

3

T
=4

o} [29]. A

=

}

xe)
pl

L
=

ol %
o

e]
Rl

1=}
=

A

s

el

|

ol
o 7Hel A A9

Eil
-

70

3 Aol Al Aol

S

E

=

[30].

ol

+

ol

%

oj
TH

<]

AJm
ol

N
BE

o

oy

il

R

],
L) ZAAY] (FA, 57D e

[e]
T

(

o] o= o
l?_

ATz o]o] A A

A

=

R

)

L

.

JEpir)E @ of

o] 1522k} 5

315]

A& AN Heol

B

o
Hlo

el

7}

atoll Aol

)

o 59

sl
6 159, & 1: 159, < 2 404, 53 304,

=

271A)
10378 9

=

7 %
k3t (

o

it [371.

R

K

1
=

[e]
H

A ¢

A

=

=
bsict mheb

)oll 41%8, wile

o

Peen 5

]

L

159} 55=¢] Hlo]E7} Alth =

L

.

T3t A A
A o2 58y Segt (Me3SD)o] Al Hlo]E €]

50% o yehdt 29E A elA A<l

& BAlo] 4185
2 4% A3

o
1
791

=

kil

A

o] A [3B]. #A

1

kel
o

e
gole} W3lh (3,

Atz olojAA

E

%

eyl

5
p
o)

ol

55l

=0
=

=

A7HA

shsick

X_]l'o

Al

- 444 -



The Journal of the Convergence on
Vol, 8, No, 1, pp.441-452, January 31, 2022,

Culture Technology (JCCT)
pISSN 2384—-0358, elSSN 2384—-0366

TN P A u) Heto] whe} WElelx] FHS A
Aleb7) % shal sty gtk 8 AlHS AAleE
Z2 a2 JAVAE ot AAE dolg o]~
AWM= My SQLES ARS-sFITh Egk nldiw g3tel A
o] ol X 7| witoll HEAR= Fde AFs] AF A
Hhell tigh <hf] B A WS sl dElFolnt
RN F 2178z P 9o TIdEe
Ul A ST U9 dolgue]~E F& R+
FE& ARSI 7t e £ el SAE
ZoAIZF @AY 7] %Eke] o=} Abde] A4
ol dloem AYE 30% vvk> A, AYE 40% -
0%= &, A9E 80% o)/ st& FEE ek HA
AP 1008S FHOoR shal o= 3} EAlE 973
(ZF 47), o= F EAlE 853 (4 5%), dolx A
A 459 (7 63) 22 =T 8 BoAY
2 7} S| shde] g5 wAl] W HYE A
A F 599 Algle] WaEon e A AL

5)
BE =32 F 10671 Atk

2-4FA Aol AT ot meAPLe 2

@3} gl WEI FAS TE A=
ol FUS T35 o 20BFe] weA @ A
Aghs AFAES F A7 gtk o] AE FAlE

1. g z04 g2 2e?

@ 4£=8
@ 5+5+5=5"
Q@ TXTxX7=T
(a) @ 4xdx4=2"
® 3x3x3x3=4*
1.
LHE 5 AL 207 7 2 A2 o= AYLIe
@ 75 - (40 - 17) @75~ (40 +17)
(b) 375~-40+17 @ 75+40-~17
ot EIlofM EE dEsti e,
149 2d 3d 48 EH

BHE B AlZH0| YOI ZEEX] oA o] $EM0) EAS FAL.
=9 0% 1 180% 240% 300

a8 1. HERIX] A 31 (a): ol o F, (b): X 20,
(c): HE o F, (d: S0|A|ZE met

Figure 1. Metacognitive training screen (a): difficulty prediction,
(b): problem solving screen, (c): accuracy prediction, (d):
solving time estimation

4 ek Ve FUS £
Y AEE 218Ye] ANYS AFE FA ek : -
32 Q U5 AxhA =R N b B
Aol e AEE A ATUR, AggRel A o Oy B S O, A 49
¢ o GED), QWA 89 GED U 918 (5
L ARe @ BYuit dolE A% (19 la), BAE

Q
e G7E 7d H=E T SAsAT
=

=}
S ALt Mol oA 428k Bol (Mathmatics

Anxiety Scale for Children, MASC)ell ti3l] mh= A}

- EE WELL AR A9 SAAITHLL] 2 AT
EAl) ol A T1Eel] vhreld AIEHA W gax gas B9 dolw, A7 Awl o)
ik fleel @ o A SR WE (R Ly ) v et pen Bete] ohd AuEe)
Aok 8 2-F 0 IA-hE AR AR A S e el TAl
oA T A R AT S B ane ageima sn. TAIE A 24 el
o AR, ol AR O EE KR SHE gy aag 5 4% g4 @A B B W 27
sl st gol A gme g w0 o T e
A5 ARbel PRl Fold A A% HAS 0 g ge o, 944 29 @0, 29d 29
2 U912 025E 3002 Alolo] SHAEE a9 S,
NEet JES Z4e e 210 A%E A
Bob AAAE WO AR FAF ET (Test

Anxiety Inventory, TADE AHE-3F} [43, 44]. TAI=

- 445 -



The Effects of Metacognitive Training in Math Problem Solving Using Smart Learning System

DI e R L e S S T O G N R Z
ﬂor,olﬁiﬂ.ﬁnf,olﬁo,ol,a‘_ﬂmeﬂwﬁ;odl ﬂ?ﬂoﬂlﬂﬂ <
o A v ﬁoEEﬂ Bl N My w5 = X‘bmﬂ” B JJ Nr ) X0 E
TFRTLLR X o BWEBEET g I ywy =
UFL rl Zﬁmﬁ OT%M,UMm.WiﬁO AEJA,% _,io E‘.m ,_lmL ol ﬁwM
TR B Jo G o
%u@iﬂLﬂeNaﬁoaMaﬂleWﬂE%% %chumz_mu
> e do oo o oV m g T X e
- R R S s w I IR SAN = QRS ] ba
PrliuwmiiaTegeie st TpEHsy T K
PEREHCETP-FT R g TFaE T T R o)
T I - O Gl - A S B N
<5 Moo o ZH TR g T T S, g Ly o
ﬂ%%nﬁzﬂﬁ.mﬂagogihixxu%m#mﬂdnmaa‘au © =
%%%AeﬂﬂmqﬁﬂﬁdﬂLﬂamﬂmm%MﬁﬂﬂM = R
AR o P oo B oy =
N T Nr & CeE BT LT T 7
ﬂ%m&mﬂ%ﬂwﬂ%imﬂﬂvw_z_ﬁ__%a_wdn%%%m&ww MM
(R S L <= i N o e QR - M~ S S =
TR R TR S A N N T
b2 LT R 2 B NEowo M ogp TE RO o =5
FE NS RET D m oo BEL T g ¥ 5 &g oo &
T R LD T Wy By P BB 7w
o B Mo TRRGE g g R Ty ® < T
< R T BB T RYT N AR LT T e R T Fe —
M T ol d X M BERRL T
of W & — . oo BrEEE N
%o A N Y TE o ™
go _ﬂ_uJ. @ulﬂ” H o s | i o % N
R T SR ) 2
E = Jl] ) ) “mg
B < Yo x B P .| 58 | 2 .
T L I A S T ol §| 85 | B i z
X o B P =Y e ¥ g
T W e W o4 g =
o o <) AE —_ ZT E_ — ,Dr.._ PoH
s AR T 0 1 f fr
EE _ERT T DT
< X ow N mE o o 3 bl o = 7 7 - 7 %
) Eo.n&o BT‘_lﬁ_Al,.ro C = s A0 o = i & = & i
o = T = o=k X
%ﬁix%Z%@mHouﬂﬂlq
_ ~ o] = = = 9 8 g B K
w.ux%qmﬂ%ﬂ_,%%mﬂﬂgpﬂﬂﬂ 2 3 Ru
w_g,lxréﬂlﬂmﬂ% o e =% o ~ £ 3 o -« 22 2 g
g Bl oww W w TR * H 2 =22 2 H : =22 Z
Booop T W RGBS oo X op B M2 5F F M ° §F & O
55\ o T H O — R i
AR TN Ol IR R r
~~ o - ko) !
EERTE LB EREYLY
SR O rRER PN ®OE R o N oM Y

=

ato]

5

7] 9

A%} (A

1

o
R

3l

3}
o}

=4

o]
P

230l whet 13 3¢l A

&= el zkel7t

3|

=

q

g

PARS
b

- 446 -

Figure 3. Differences in pre-test phase between control and experimental groups

Figure 2. Experiment procedure
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