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eratgith. e FdFAVI l A AgH Agon Fojeo]
Folo] 2, Fo9] olF, aEa A7 uY FHE BN 2
gl ol FAFA7Ie Ay AFS Abetd Al Baddeley(2000)+=
S92 Iz AFNRVNE, FU7oRREH & ARES BFsa
AT AAIAGLA A8t H(episodic buffer) & F7F2 A<t S)

cole AEA AE tEas Al mde] vl WA she kel

o, ol
H, Aeizleel 7t ahel Asgla 471719e] ARES FYFOLA of
I]Lj_
o}

KeX
=
Auoll} oshEsh AT BHA sl FEE FHIE 5 @
KR
=

golz} & 4= ¢lth(Baddeley, 2002; Kim, 2013).
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ﬁ _
h (Central executive) _l

LA
(Episodic
buffer)

SEEH 32 MNSUE7|1Z

(Visuo-spatial sketchpad)

{

(Phonological loop)

i

271719 (Long-term memory)

<719 M-1> Baddeley®] 24719 = =(2000)

2) frobol Aqi71] wa

4719 549
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= oangor 4979 %9 3=
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solsl vk Aelele) g@e zke] @ Mol AT F A, & A
FAY 248 F de Jud Fe BAL Fobo FYo §Fe
Aol gom Aol wobgel weh A Frd 44719 &
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i o
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T ol AR zEAH
Daneman Carpenter(1980)2] d-ellA= #4719 &=l & 49 #
ol A7) &&Fo] A2 A4 IRy TEAH AXA A A
HAS HoFQh dukyow Z¢yr|odo] L Ao A 84 Alo]d]
¢ FASHA FrbekaL, 1 o] Fol 124 FH/HA AEHHow o FUh
sho] 124 =3 AdRle] &l 24 grh(Gathercole, 1999). W 3} &#] 34|
(change detection task)E ©]-83le ol A7y &3] s W
35 g ATELS frote Aol mobgel wel A}dr]e] & 7ol
g o F71ere geldkdtl. Simmering(2012)2] Aol A 34 o] Ate]
frolEe B EAAA S AFHoz Fdsds], 3440+ 27 =&
37M, 5-TAll= 370 E= ) FEe] WItE Hud 5 QAT B3,
Riggs 5(2006)2] ATF-olA % 5A], 74, 104 obs& tido= WSt~
A FPes FAEIA A, SART 1049 7 8 Jh @2 5o W)
5 HAY F A5s FgAdskdnh

frofkel A7l &&E dolH, AFH R ol FAHI A=
% 9ltH(Gathercole et al., 2004; Nevo & Breznitz, 2013; Teixeira Zachi,
Taub, & Ventura, 2011). ©] AFEdA = T2 A3 AIA] = whol

SYAAE dold A1 AL A3 ol g,
o]
H

>
~
2
%
2

(corsi memory task)® &2+ 7 S|
3 o]&3ttt. S o] AFELS dEHH wES sAFH R 7Y
G771 A eF 1 wjEE A
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AFs A SN A stk olgt e HAAES FIE W AT
< AAFE HAAad7IHA AolA ARt Al AERE uFe A
719 o] 7472t FAES g2lsk tHGathercole et al., 2004; Nevo &
Breznitz, 2013; Teixeira et al., 2011).
A, oy F FFe oksl A9l ol

o] FoyA = A, ol W M2 HYHoR ZHZt o] FoA = ZRIAEF
Az 3 AFEE vl Pickering, Gathercole L¥] il
Peaker(1998) 2] Aol A= SAlol A 84 frots o= doj3 w©r]”
o HAL AEHA @77 AAE FHSEF Sk, fFolEY Ao
A 71719 Ao A @71 dert o%’l% Hol|x] &5& &
skl o] &= Smythe} Scholey(1996)7F A<l th’d Aol A &1t s}
9l A7 Azl #3535 S9A g 1S o] gihr whebi

ol#] gt AG-E52L Baddeleyd Z¢d7]el Ro|A A|¢kst Z 3} o] UdH

A7kl B AuAIL ANE WHew Agan 2aeE 497
ool A olFolzitk: Ade Agile] d@u AXH A o] FRE



Zl 4 9JtH(Cain, Oakhill, & Bryant, 2004; Gathercole et al., 2006;

Seigneuric, Ehrlich, Oakhill, & Yuill, 2000). frole] #d71< 3} ¢}7] &
Ho] #AE FAFSE Nevoel Breznitz(2013)9] Oi:rloﬂfﬂt
Z5sta 18hd A7l $A33% & AY7199 AT 25

Al71el e7] VlEEd =2 Avs BHilon, ZdXﬂ 2y 7
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Bull & Scerif, 2001, Swanson & Sachse-Lee, 2001; Towse &
Houston-Price, 2001). Towse®} Houston-Price(2001)2] Ao A= 5-9
Al obs o] A7 HA o AT A 8 Hao] ¥ ol (variance) 7h

971 ¥ F8 A5 Wol2 AWt U7 520159 ATIAE
2 Aq7)e g2e A A5 4L Aer]e] 82 Ahd @A
Surh £ge) Aoz o 4 TR WA

xlo]j

s1ejo] vheFat Q1A FAW ohet A5l ATl JFS
o

WA 4 e 1wl ATEE Atk WeNQ01e] ATNAE @l
g A2del2 SHea dE TUAT FHA 4 G5AE g
darole] oINE e AL, olE F A7 o] 2
erol gei7lel §Fol A Aukol ws AAM FHEA o =
UEbE A Helskdth Ed, ok ool @Fel A

2 fFol A A de ArmAst deatel 9]
o ol meh WepAtA AWpgkEdl, 1 A%, A7l §Fo
719 gl A HelAERT O e AAAY I

]
H
Atk o ATEE fo}E UPOR F ATE opUY
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AR, Sl Aol §@ol g BPeIN LTHE GEd A4F
5 2 ARALe Aes) sl gon, steasel FFL WA
t Fad acle] @ & A wolFth web, fobo Avle] §
of F5% fold ALEAT Bobd Aoz A5AE & Arh

oA 7] M= frot
1 olEA 7

o wd AAATSE B AW RaH Fr)

=
o
e

QAR AQle] AN A FHS B 2ol @ wlel Fue

AANA w8 FES @3 (Choi, 2008; Sweller, 1988). QA F-3}o] &
(cognitive load theory)e nl4=8ts5 AFEFol|A] &5Atol Al F-3}

U 1
rir
o,

o
L
A
e

FH5-5k7F vl B J
A QA FetE HARE & F e ug WUebs Jigeta Atk
4 %8 FUH(Tuovinen & Sweller, 1999).

ol x| F-3lo] &2 H 71 7FA LS wlEro 2 3T (Choi, 2008; Josephsen,
2015). AA, A3+l A7 §F AgHo] i sHAg ol gA A
B upel o] QIFe] AU BRE ArHoR AT & o
A o] FA o] wet o]F XAStaL, FV|7|HoEFE FHE 7S A
B2 AEE T, AT 9ES st o]y QIzke] A Al
AA A A2 7t Azke] A7 oA o] FoARI AR 2 7] o A g
& Fo] AgtE o] 7)o FAE 7HxIv

T oA MRS Fr)7eo]l FAge %S THItE Aotk 247

(o

o
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¥ At (Josephsen, 2015; Paas, Renkl, & Sweller, 2004; Sweller, 1994).
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2) AX R3] FFH

Oo1X|{3F+= AA WA A H-3l(intrinsic load), €A% %-3}(extraneous
load), % 43}l(germane load)Z EHFEHo] #AA o] FrHA A&,
2013; Jalani & Sern, 2015; Josephsen, 2015; Sweller, 1994). H#], WA
A Fols 2dA FetRE =gH, A ga g AACdA 2= ¢
A

RoHE TP ol AUVl thRolAk e 24 19 9
e

gol o BARL Z SHAA Ggolt BA HddA ge 8
¢ N2 97 A% wAdEE S HAE o 2 WAY FaE i

=
S W, AAE ] AAgel R FAES B YA P ¥
Sa weba LaE ke BAE | nedel s BAE Ueds
% FgA9 Aask 2780 WAS Fahsh oA Btk 23 U
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4 REEe ggol Brdeln g B8 AL 5 Ak aYelE
Bea ojsh g UAE Fahe SHAe AW} SAE 3
Baste] wesolol Sy, ol d ke £F SEAE0 2n %
A BA AL RFEAZTY BE G5 0|52 94 ¥ 5
7] Wolth, FIA o, A R AEae] AAAY £ o
% U =xdel os @we Wwithalani & Semn, 2015

Josephsen, 2015).

o2, A4 Fole vEdd BlEn B, gge H45 )
A= FIFARD S5 5] At A FHE o= oty = FelE Wk
PN
=

ool F2 HE

RoheE 5o wsAAd o FeA 1@
RO BB WSS TEAAA oIFA A Bl A 2ol
A, ol

(e, stelH g2 5)o T3 A Fd

= o] EFAH(Austin, 2009; Bradford, 2011; Zahn, Barquero, &
Schwan, 2004). HHV| o & o] &3 W uFH AJFELS ofeh 2
oA A FetE: Eolv =S @ dom, o= dEw ol HdA e
2 A= BuFEtH(Mayer & Moreno, 2003).

npAlere 2 254 Fels Hde FelEE BEym, dtgd g A<l
FEFE WA= TFol dAFA FotE wIT BEiA Foke 270
S F7HAI7I7] SlE A" wg SeEd #EEo v 2R3
A Fe= T, A48, 27np w2 212 QA F AP dta
A7) Zedet s S oR(Stull & Mayer, 2007). 252 QA F = F7],
44 T FHE T3 }us FHAIU B4 AAFEGE HYE v

7] SEAE staasl 159 SgdlA 27l o4& wEolm
= wsads) Best e AdE BEEL g
q

FATE AAAA B FeSAY JEHow Hgas

J
ru}i
¥
%0,
Moo
u
Ql’,
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of H]ojglojol {3 QIAIF-sle] Aot £7|we] o] JhE A 7]
o] tH(Clark, Nguyen, & Sweller, 2006; Josephsen, 2015). 8}<5

oAM= ol 2 Al ZFA O] A F-EHIF BF FAkEol 2] F3t

Ay whebA o]l gk QIAFslEo] FHA Y Stags AT uFHANA F

LA e s efor & Aot

AFAEE QAR BAN ol HFHOE o Foix7] AfME
A AR QAREke] Fiol 471 AEWNE ol A Fuh]of A
oot 9 AFsgnh A A gARee] B4 w0, WA

A7 Aaohd WA d QAR = o= FEoE 4
AAF-3F= 71 ABA Al osf Apo]E HolA|
574 FAY Aol it HAE AT o=
14E 4 dvh(Jalani & Sern, 2015). whebx] LAIA Q1A F3}e}
A A Al 2ol Fpeks ARk Fe WEAZ
Atk shAIRE of A A QA Fset EgA IA R A= vitjz W

7] WEel, SIAH ARt FopdFE BRH AXF5 AL
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gl PFHEE sho] A 27k FY} A5HE 5T 5 9
% i PR AAREE F/A7E 5 doke] d & vt

o F BANA B WA FIES AHAY AAH AATFHE
AN 25 A o] % AaAYE O 2HE Bl g
A% Sol, AAH AN ZWlA WEkE ofumelde wAHE
%% o AWolgth(Ayres & Paas, 2007). ojUmlo] e BAH o )
@7 WSEa Aot s AeAs] WiEelth oefd =7 ol A
G545 WolEe AuE /st BFSE BA Az JuE

2
o

wolgo] Aejslor @l webd ool do] et
A7 222 fUHAS FAT F Ut WetEe] gA4% A
S #HaAT= WHer AtEAa, oHd WwetEe] mIddol &<l
At (Ayres, Marcus, Chan, & Qian, 2009; Hasler, Kersten, & Sweller,
2007; Merkt, Weigand, Heier, & Schwan, 2011; Moreno, 2007). %3}

st BEolA Aueh Fasa, Robgola, 6E nE 2yl oy

’

o
2
>
I
N
<
%

¢

o _lm
ofr
L

f
i

Hold 8458 Adste A2 o38ly TIgFadE HF e zlox g9l
AL, oo olHg QiaEo] Hud AAE wgcte] ARPEHJATH
(Austin, 2009; Berends & van Lieshout, 2009).

we ATgoel AF $ahel gadl 2He RFole sted WAA

Fatel tist ftAE AZRHAT o= oE 84xE AFH Tl =
23 FAY g5 AR ES SR A sy EElste] A ALY &
goto] AFsHA Fo M olFolRr. FEACRE BEA HAs AFAl
71 A9-(Ayres, 2013), =+ AHE 3 WHA GAA ¥ A ASFaL
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QFe Mayer(2003)= w83k dol(FZhHA B} A AR E Sy A%
Aoz A= ARG FAld AAEk=E Aol StFaEHE =)t A
A AYE AR &, 54 W&ol I ARAYES H7H

, A4 W 2 ARES ¥ wEn HFsHA e

S)o] 2o} oM A Fuz Aol %]
Ask AB2 A AT Bl 42 AW, TG FA AT oL

=

Agd AREN Z71719e dd AFAAE AFstar T, 4
Z 435t olsfsle AAS AXNA DA g - A%53, 2010; Mayer
& Moreno, 2002, 2003). welr] oj® A

SAlOl AshAl =™, 1 Aol ARl gig T FHe AYst FAL
o] FolA A il ZEe] FA FIFEHWA, AEIF & wEI ZA
g 4 A& Aotk Mayer(2003)7F o3k Az 9] 2l At
A

9w Al Fol we ATAEo ww

g % A 443N B

2
)
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Stch. webd o ATelAE folelAl of® AdE

o}ro
w3 A
A74us AR E A0 AFse Aol S

6) "Elvto] A7 el Mayer7} BE|vHolE 283 Shgol A g Eojof d= A
A DelE 71 AA o] EE ()T ALl E, AFEF o, TEA A ol#, AA T
A

[¢]
ol# T)e Mg /AR ARk Aolvh (24 vy - 174, 2011)
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of frobel SHmatel VAL ol Ud ATANE ATFEAEE A
AFEA, B AWAToe] Ay o ¥ L APR] NS A GG
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ARt wam, wEL W wW, Fobo] Ad L FE AS

8.38(SD=3.14), 9.53(SD=2.37), 13.08(SD=3.42)= ettt W= 9l
AN, WA AAREI} i, BECIL, B ), Fobe] A
2 FE HAev 47 576(SD=2.82), 6.91(SD=3.58), 9.53(SD=3.20) .=
A AN ARG BRW AN 2404 Fol
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A7k o ° = JERa, S AN 2AET A
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<E V-1> mEARS QAR fob A7 §Fl mE Folo

ERE 944 HR7 8
QA -3} A -3k 391 30% 9] 30% AA B
(N Zzk = A A (L 25) M(SD) M(SD) M(SD)
ko
e v gy 81077 970(2.12)  8.38(3.14)"
(2 A e
e gy 367079 7.78(2.95) 5.76(2.82)
v 5
e rae gy 911062 1061271 953(2.37)
(e A o
v 4.22(2.27) 8.56(3.46) 6.91(3.58)"

‘5\1—% e)
v (w42 9 10.33(4.07) 14.39(2.74) 13.08(3.42)
(FEH-+7A] ) o

9.28(3.11) 10.56(3.70) 9.53(3.20)"

AT 98

D A 10 =34, 3491 30%: n=10, 49 30%: n=10, ¥ Ak 4 n=31, 519] 30%: n=9, 9] 30%: n=9,
O w2 =30, 39 30%: n=9, 43 30%: n=9, ¥ AW 5 n=29, 39 30%: n=9, 49 30%: n=9,
e At 3 n=31, 39 30%: n=9, &< 30%: n=9, D 2w 6 n=29, 39 30%: n=9, A4¥ 30%: n=9

576(SD=2.82)2.2 e, AZbAts FEE AA] AR A4
Q1A RBE ra, =& ol frole] A #H FE HeE 247 953
(SD=2.37), 691(SD=358)%2 YEyT} vixlwto g REHELAA AA Z
A% A2 QA R3}7F v, =8 uf frolo] AMA % 282 HLE

7+ 7} 13.08(SD=3.42), 9.53(SD=3.20)2. = ettt = wsjA=o] glE

4

ax

o WA= EASIAE Fe FrhE Qs ARz AdAl A4,
l?_

By AN, RRAAA AA z2dA fokel A4l 77 2627,
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[]

i
rlo
ol

r1r

E folo stFadE U =
ZF 39 30%SF 49 30% FrobEe
A g FE %ﬂ#%, At 1014 Z+zF 810(SD=2.77), 9.70(SD=2.12), #
o 2014 ZH7F 9.11(SD=1.62), 10.61(SD=2.71), R 30l 27+ 10.33
(SD=4.07), 14.39(SD=2.74), R 4olx  ztz+ 367(SD=1.79), 7.8
(SD=2.95), At 50lA 24zt 422(SD=2.27), 856(SD=3.46), A 6°lA]
7+z} 9.28(SD=3.11), 10.56(SD=3.70) . & E}SIT} o] & 2¢l7]e] & o]
2o Fdko wle] & FJee]l " rF 7 wg 2o wEl 1.287% ol A
43438744 = A HElUE s B Erh

2) weyAel UAH A4, AAA AX T, folel #g]7] ]

AR AN frobel A7 Bl met ool Serast

o) 2] o8 F4ig 3-way ANOVA
T4E AAR s <& V-2 #u a2 23 A A8
(F=18.188, p<.001), <JA# <QIAHF3HF=30.881, p<.001), #4711} &
(F'=26.589, p<.001) =
Fopol oA A AAFE, A &F e F=AE aIH(F=2755,
p=069)7} FAPA o2 ol at Al YERSTE

oje} 2 FaIA} AT
SR ARy gEa g

off
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<E V-2> WAA QAR AH AAFH, fobel FYs1e gl
WE SHrEd BAHEA
Frob o4t
29
FRM AFE o 5t Al 7 F
WA A QA8 (A) 297.23 2 14862 18,188
oA QA3 (B) 252.33 1 252.33 30.881 sk
g 7ol &% (O 217.27 1 217.27 26.589 3
A x B 5.05 2 2.53 309
A xC 31 2 15 019
B x C 5.03 1 5.03 615
2.753t
A xBxC 44.99 2 22.50 (p=.069)
25 800.78 98 8.17

T p < .10, = p < .001

(1) wsAge] NAA AX o] e fofe] s E

o] 1ol A
AFE HAE Ao
7 914, 2 24
ANOVA #41&
HA, A
Aol &
PiS=]
ol wls)
A WERS T
oje}

ah= =4
H 2
Al

A=

wgEArE ] WAA QA=
o % ey
WAA A RS 59
AAEA AL, 1 A
HH(1-6) frotgel SHaIte A

19 IL(F=18.243, p<.001), T-A %
AA AA(M=773, SD=3.18)s} F-EE A
BEH AR AA(M=10.89, SD=3.13)

W 4ol

3}

frobel St matel folg

olglgt TS Bt :[Liﬂ?“gi 2] W

<3

Y
X
i
N
>,

s

A (M=8.06, SD=3.06)
oA el skA
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i

2AFE 1, 2, 3N = FASHA
— 58 —
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&5 11 =L —
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cehgth AZAE AN Bl mE fobdl SFmst Aol A
H(F=9.610, p<.001), & +3F(F=20.017, p<.001), A F3HF
pEUDAN B FAA Meide TARL AolS Al A

FULRU LSD AFHTL AT A3, o) AGRAE A

A 7 ol 5 )
A FEOoZ, o AN AR QAR FEo] P e T
A AN el The T A AN gl mal b makgel ks
A wolwn)

of AFNME HAATE wFoE A /A f39 AAE AN W

'
o
N

WEAE Qroll P 71Ee] APAFNAE TF ARE
Sty F e AAstE W (Ayres, 2013)3 AEE YA U
AAlskaL mpA e RE ARE tA] g W A= W (Pollock et
al,, 2002)5°] EF StEatelAl ErE dvkar AlQksidar, o] Aol A
T ad3st A3E A Sskth 28y folsE tid R A% o] AT
oAl Atz FEE AA WH A AA ol uE] folel FFE
HE FoeA EAFA Edte Aoz yehydt oy g At fo}
NAl A &S
BE APdte FEE 2ol yd FEES VEoE k9 AEES B
t AR HE 5 9
2 HAA AHel tid 7]
= AARRT wEbA) fotE
o o7l AAE olssta 7 & JA w5 ol v T8 A
o] th.

o Aol Al o] 1‘& Fao] x2gE Azt m e FEH+AA AA =21
< g5 A =)

ool S SAE ggoR 1 e Sd YT (Pollock
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A 5 BEA)
N2 AR AN
FE A an oweaan T F
M(SD) M(SD) “MSD)
AR 590(2.09°  648(2.20)° 813(218)°  9.610%xx
H;H_;tf' FE 2691357 297(142°  481(1AD°  20.017##*
AA 859(279¢ 945293 12.94(291)" 19542
AR 490(2.24) 469(214)  554(2.23) 1.274
Hg;“;f‘ F2 0 189(159°  194(152)°  318(153)°  6.055%x
A 679(3.03)° 6.63(2.89°  8.72(3.02)° 4.326%
A7 7.73(3.18)*  8.06(3.06)"  10.89(3.13)" 18243
D Ae 1;n=3), A 2n=30), A& 3(n=3D)e] A7), FeFo] EAE wA 7.
P A9 4n=3D), A 5(n=29), AT 6(n=29)¢) A7}, FelPFol EAN uA .

c)

i)
B0

1, Ak 2, ¥t 3, Ak 4, Zol BAE 1A g
LSD test: @ ¥&

x p < 05, xkx p < .01, = p < 001

ou, W o Zo] QlE AbaL, oldl, =7k ag #A AS 9IsA
= g apFo] Wol EASIYEE 7 npA uke] A A= hﬂ ol w| A
7 lge T dAE v 2 988 & F Adss AAEEra &
T AE el

AZERrg o]l AA el e folo] AFEAE THEZE AAE A
S <a¥ V-1>3 2 o] 2 EZE UAA IAREE BEFE WY
T ARz FEELAA AA o] frote] SFEAE AA Eole
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CE V4> A7 AN ol ThE frotel S Ea RARA
29 mER @ w@Aw F
24719 (& A) 32.67 1 32.67 7.689%%
A Fol(FA) 3.89 1 3.89 915
z=7 81.66 2 40.83 9.610%3x%
Q5 382.40 90 4.25
24714 (FA) 11.56 1 11.56 5.710*
jjﬁ L FEEAD 170 1 170 842
%i;?j_ o z=7 81.04 2 40.52 20.01 753k
Q5 182.19 90 2.02
2471 (FA) 83.09 1 83.09 10.027x*
T (EFA) 44 1 44 054
@A z7 323.89 2 161.95 19.5425%%
S FF 745.84 90 8.29
24719 (FA) 72.15 1 72.15 17.223%%%
A Fol(FA) 53 1 53 126
z7A 10.67 2 5.34 1.274
2 F 351.88 84 4.19
el A7 (BA) 1907 11907 8435w
2} ag F(FA) 2.05 1 2.05 907
ole 27 2137 2 1369 6.055
W 189.86 84 2.26
2+ 719 (B-A) 165.39 1 165.39 20.146% %
' Fol(FA) 4.65 1 4.65 567
z7 71.03 2 35.52 4.326%
Q5 689.61 84 8.21
#* p < .05 *x p < 01, = p < .001
e



HEH A

<Y V-1> AZAE AA Bl mE okl s E (A

G =g

02 e

)

@) w5Azel A4 AXFetel W fobe] st

UM AAF BAAM(<E V-2>), iAo A% QA 7s
frobel st aatel frod IS AT Aow vEyrh ol
= Bu 7ARcR dury] fdl, 4 =dEE oA AR
HoloZ T3 One-way ANOVA A4S 2AAs Aaps=
-5>, <& V-6>3 )

WA, AA ADd1-6) fretg el shEade el F5l
o] Z B THF=16.054, p<.001). T-A & o= o}

m&‘i

3 o3k

ol §lv= =0 (M=9.83, SD=3.28)°l wl&] el t=o] = =7 (M=7.84,

SD=329)°14 FolatAl WA destth ook e Ak oA

shol wolsl SgAe ZHAL FH2 WAT + Ake AAFFol &
i=4

(Tuovinen & Sweller, 1999)2 A A3t} L3k w2t ol A
o]

#tAY BE a3 8

a i
gEaHRE ASAZ F ASS BT Ay AT E(Austin, 2009; Ayres

et al,, 2009)¢] A= A A e}

=t st
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(F=3.349,
HA WhERsE

=

3}

=
e
<]

IS5

o

i

AR, AR AA AA] 270 A

3E

=

AF
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Sipel wE folel
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X
olf
i)
oft

w3l A4 =
w3 F
e M(SD) 1S M(SD)
A} 5.39(2.31) 4.63(2.33) 1.562
NS e 3.349+
2 2.42(1. 75(1.42 :
Ax AR % 42(1.41) 1.75(1.42) A
A7 7.82(2.88) 6.38(3.00) DI
A4 6.28(2.27) 513(2.28) Szt
N7t s e
=RERE = 3.200t
e = 2.87(1.42) 2.18(1.42) 2 o)
Xﬂ }\] b)
BE 9.15(3.05) 7.31(3.05) 4912+
A} 8.17(1.79) 6.14(1.80) 18.938 s
B A A o
| 22 4.76(1.72) 3.55(1.72) 7,312
A A€
A 12.93(2.94) 9.69(2.94) 179465
A A9 9.83(3.28) 7.84(3.29) 16,054
DAY 1(r=34), D8 4n=3D)e] 2A7]e], Fel R Fol nA .
D ae 2(n=30), A 5(n=29)¢] A7), Fe %0 1w kel
9 gur 3(r=31), Ak 6(n=29)¢] 2He}7|e], F o HFol nA @9,

O gl Aw 2 w3 w4, A5, A9 69 2l

|, FeldFol BAR A a9l

©
&
£ Jo
[t
als
Rl
I o
>
il
=
Lo
of
é.ll_"t
R
4l
o
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Al ZF
2+E
A
AA

A4

28.26
63
742
475

5.948
132
1.562

ol
i

5.89

107.37

11.05
1.09

5.89

1.76

6.277+

618

3.349t
(p=.072)

74.65
3.37

26.54

479.21

74.65
3.37

26.54

7.86

9.503s3

429

3.378t
(p=.071)

x>
I

2 ‘f
=, MT
>

g

A4

27.07
.03

16.18

259.63

27.07
.03

16.18

472

5.734x

.006
3.428+%
(p=.069)

A
i

4.52
2.61

5.88

101.05

4.52
2.61

5.88

1.84

2.461

1.418
3.200t
(p=.079)

53.71
3.18

41.57
465.51

—_ =

—

53.71

3.18

41.57

8.46

6.346%
376

4.912x

,6’77



441 7] (FA) 37.55 1 37.55 11.807++
4 o] (FA) 14.64 1 14.64 4,604
=7 60.22 1 60.22 18,938
2 178.08 56 318
241 7] 9 (EA) 15.31 1 15.31 5.262%
Tj’”j . o) (BA) 1.05 1 1.05 360
A =7 21.28 1 21.28 7.312+x
2F 162.96 56 291
441 7] (FA) 100.81 1 100.81 11.817++
e F2 (A 2352 1 2352 2.757
=7 153.10 1 15310 17.946%%x
2 477.73 56 853

T p < .10, * p < .05 = p < .01, ==+ p < .001

Wit g

CELEE

< V2> WAAT Kol whE frole] s E (A
(vl 2025 YER)
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(3) kel A7l ol we fobel st mst

WA, ool #grie] &7Fg MNbHo® HHE7] 9, dA H
(n=239) FrotEe] Ad7|9 AFDE A A= <E V-7>3 Z2r
2t 24719 e Ak AA Ao Hele 250-7.008 08 Hd HAFE
484(SD=90)e1 3L, 7 A7 o] o8 A H< Wele 1.00-5.00

ATh moh T AA L] HFE HA g

How it FAae 213(SD=.80)°]
S

e)7)e] 45 :
A Agl7lelel A 4255 o thE, 2gl7ojo] we frolel Ee o}
ol ol A% 2 A5l Aol7h Aee BAW v}

Al Z¥ 00-6508 o= Ht Ha

1 &
= 333(SD-10001 T, A7 #rlele] odd wal A4 wWelE
(o3
AN

1.00-5.008 22 HFd Hae 277(SD=1.09)°| At} + #HA A& Ht
& A Adriel AAY S WslE 100-526He% HiEe
305(SD=-8DE Uehgth ole @ A5 EEE folEol B Bge
Uet AR wE std W B 3-40e] 452 Jlesa, Ave
A7 W FRHoE 237 422 s AP A uo

Eoh A7 #9710l AAl WM

C‘A‘J
o
O
N
T
[0e)
-
rlo
re,
2
L
e
N
12
10

12) okl 7S BaE @R AS)/22 AHon, el
A EAYE F oA BE 109e W 28, 34 A SANE F oA mE
W 3y oz AN vebd 4410 A Aeel WeE 1-THol Ak
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1= L L

] I I I I

5 ZEUT|ol WL AAUTY  NZEUIS N EYIY NZERT|Y o
[&3H (54) (EH) [£1H (=53) (FH) (EH)

<2® V-3> Afrob Ajivel A AR

A
dlo
o
i
Ho
S,
lo,
L
2
N
19
oo
ol
-,
=)
it
Ho
9,
1o

31_',
)3
fol
=
il
i
&
e
N

A A3 A7)l &7 kel 30% W 9] 30% FHe] gk
T3 Aol AR E3(1=-4.152, p<.00D)¥ FE F3(¢=-2.740, p<.0l),
A £ (=-4.069, p<.001) ZFolA FofsiAl yeutth. FAA o=z,
frobel Abd & AHae A7 A9 30% A (M=6.89, SD=2.26)°]
a9 30% FHTHM=5.01, SD=249)°] Ml ¥ =A YEutal, foke] F
e v A= A4 49 30% FHEH(M=3.36, SD=1.84)°] &9 30%

QHM=2.45, SD-163)°] Wlal o oA vehdh =@, A B 45
= Aerle] 9] 30% PEHM-1025, SD-359)°] a9 30% A
(M=746, SD=366)1.tt | 7] vhebseh olsh @ A =7
g0l 2 Rl AAF £, F54 4A, FHE} S o FeB
e wal Be AudTEe AnRE AX@TI, 2012 xob

o

-0

_—

doll, 2000; Cain et al., 2004; Gathercole et al., 2006; Seigneuric

,’7],

et e



<FE V-8 frobe] #d71Y &gl mE frobo] dgas

2e171 &%
=& 319 30% A F9) 30% Het t
M(SD) M(SD)
A2 5.01(2.49) 6.89(2.26) —4.1525 55
22 2.45(1.63) 3.36(1.84) -0 T4
A 7.46(3.66) 10.25(3.53) ~4,0695 5

wk p < 01, = p < 001

B2 59 30% YIS 49 s0%

<Y V4> frobel #4171 apol wWE frobe] S EIHAA)
(efvbe= XFAHE HERE)

et al, 2000). =, #4719 &=l S5 Fob7t ¥d A
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@) BT AR Fobo] A7 §F o] FEAES

A a9l 9l v ANOVA 'F':/—)‘joﬂ/‘i(< V-2>), /‘] 29 zH
AR o2 fodt AEE arE sk oy g &y
= A7 &3 39 30%, A9 30%9 stEadrst WAE QX -5}
QAN A A F-Fe] 23 1%)01] el gl F AdFs HoFErh o
ATl = olelgt Faag gyt AR FoetA YERSEARE,
gy APAFEd =, g AAFel stF A EA] 27
o] &=l wel g5t dFadvt debd s AA ST (A WA - &
3], 2012; Berends & van Lieshout, 2009), ©]&3F ZAH fFoAdw &=
3] 9u 7k gl& Aolgta Hkth oo, ol d AuAE giEs Hu}
TFAARCR AHET] 98, 4 JAAFH] 2HER fFole] AUy &
Fol T H(FS 30%) % #-e J(ES 30%)S AAHs F A g

Aol & HHEE 1

)
=S
lo,

2

A
LAl fle = A
30%°] gt aat Apolzh AlzZbabme] FERed
A WERGIL(t=-2.481, p<.05), HA] AA|, FEE AA 2ANAE H
oA JErA ekttt FAIF R, fole] SFav: Fgr 49
30% ATHM=14.39, SD=2.74)°] &1 30% FTHM=10.

& o =A etk

’

O[5} e ATl A HolAR f gl HEE R AA AA 27
A 71 g9l Awel SHasl ke Audl wa o Fual
S dehdths delth olel® Auk: Are) A4, f4, 23, Ae
$9 F4% /15 s A7l Sl Am, 1o v AXH A
g Ze4el F4%, Aol A4 WES BRHOE Adsn ol
Sl mehFE AZRETF frobel A % FE 39 ddel 43
49l 2 B8 F F A AMAEDL W4Tl gl 2AANA #
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<E V-9 weatge] QIAFSE AW frobo] APV el wE
S5 59
2371 &
3k 30% 39 30% t
M(SD) M(SD)
A 8.10(2.77) 9.70(2.12) ~1.451
u} 3] A} =
° 02 Jﬁ R 9.11(1.62) 10.61(2.71) ~1.425
BA T
REEeAA 1033(4.07) 14.39(2.74) ~2.481%
A 3.67(1.79) 7.78(2.95) ~3.578%x
a4
oo R 4.22(2.27) 8.56(3.46) ~3.1443x
AT
REELA 9.28(311) 10.56(3.70) 792

REHIY st 0% REYIY 4 0%

Hag H| A sa A Sa Hy HA

ofe] #47]o ol wE TFEHAE THZE AN AL <™V

-5>¢F 2t}
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To R, WeA=e] gl 2ACME A7 &% 9 30%%
91 30%2] shya It Ael7k AlzAg el AAl A (6=-3.578, p<.01), &
H A A (t=-3.144, p<.01) A4 YeERg L, FE2E+dA1 AA] 27l A
= s YEhA @kt FAH o R, AR AA A4 =7
A frobe] Stk AT A9 30% H S (WM=7.78, SD=2.95)°] 3}
9l 30% FHH(M=3.67, SD=1.79) Bt} =A yeteka, FEE AA =24
M= okl ShFEIE AUV 9 30% HHM=8.56, SD=3.46)°]
3191 30% A H(M=4.22, SD=2.27)°] w3 ] =A vheERs:

ofr
il

e abse] e 23 vlaste], AA AA 20 FEE AA 2
AolA frobe] shgadtes Ad7Idol A2 Jobd & Jok BFolA 2z
Zy grolg ARk, A7 fFol AL frokgEelA AA HolAWA F
A 7k 2ok frolatA vEbd AS E1d + Ak ol A W&
S HA oW A R A= wF Y FEEE AAGE uF
Aol WAlA AR BE o] gl offel fjAlE Q1A N
7F o FUbsdE, #A9d71e] &Fol & frotse Af sHE AE I
o] t] Eolgo] T&d AMEY UdAA A B QdE Fad 2459
=4, 84 ol Fol A AdtdE F AsE HolFe AR A

A okslk QA F-3}o] E(Tuovinen &
5 A A EFoldA #=HA
= As7E AAIE = Aol A =

)
&l
dol W& e 3¢ o wiRde A

A (Berends & van
Lieshout, 2009)¢] A3k} WS zFo] dhr}. 3, Shgate] A7 &%
of &5 FrRAY sHo] WolA=d, 2ol FEAY A A HF
Ele=e %%3}% A o Ad F d5s Hd AFAFHNAA -3

=
e, 0471°M FEG PEe PAAT] EAG W A4

)=}
H
= ‘\jiﬂ ;lﬂ/\] -1—;1:‘{_0]}‘11_ '—l]—]:];]‘_j }\o‘r 304 1:11_4 S T 30% ’14[1



obEol SERIT KolF AolE ol Ravh: Holth WelxTol
EAG W, 49719 §Fol A fopEL WAATY Az A A
A% A Mg §Fol H FolE & Alvh 22AW, RREAA A
e A JRE ol AYHEE chfske] Fobe] A7l
A2 BueEs FA 9x, sAzel A e TFHew Adsn
ANT F YA moh Haw AAH el §YOEE AFHOE e
@ 5 RS B adAe Wel 9 4 Ak WA, odd Ane
e Wl EASE AN FREAA AN Pol 2]
of g0l 4& fol5e] BHe nxay 1 ENE Holk H WS 7
4% Wyol @ F A AMHEG

nEYI Y atei 0% o HYIY 48 s0%

QNFGWEEEE
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2. wiAme] AR fobel Fzh, Az A7) o] we
frotel st a s

1) R5Aae] AR Be fole] & E

8

wiARe] ARl BE fobel 9 o
V-10>3} gtk o7l AE 3Zgn WA AN 1) 243 A
woRA AN 8) 27, 37 R AZgu B4 AN 3) =
2 Wsste] 43w gt

Frobel Srast PAHR Ex AAYRE £AHoE ANGE =

Alell A A8k 2 (R

AN

A

3T
a3 qu

I~

=2
=
[¢)
A =2 A& BAx, AR &3 AN 284 = A4

WA A4 2700l FAAR WA AA 2ARY fote] SHETI]
1t

SD=2.24)°) 4 <7k iﬂ] e, o] o x27dol wls] A7 AAAHR F
Al AN Z2A(M=826, SD=2.22)°14 &% =A YeERTh fole %%
T Aes AR b4 AA 21 WM=311, SD=211)Et} A4A
WA AA 2A(M=3.39, SD=1.93)°] &7 ¢ = AFS BIAN 1
, A A AR sA AA] 21 (M=4.82, SD=1.65)°]
=7 Uebyith v uro s 3 A AA &
%HOHE agiE wkd s o], frole] AA ¥ Ay HZhER WA A
Al 2 (M=868, SD=4.05)°] Hla] AlZ-AR WA AA Z=H1(M=9.54,
SD=359)°l A 25 =A veuwtaL, o] F 7ol Hs] Az, AAAR &
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2+ 719 (5 Al) 31.58 1 31.58 9,938
F2(BA) 23 1 23 072
FE
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<Y V-9> fobel Hzh Az A0 Sl e folel

StEa I (AA) (delnts mF:oaE very)

wEAR AAEAAFE bR AN, AR WA AL Gt
3719 §Fol frokel sFastel vAE @A oldF F M
Al ko] 3 AgS gelsty] 98k, ﬂTx} SRR i R e < B
of &7 wdor FYT 2-way ANOVA A& HAe A= <H
V-15>9} 2t}
<& V15> wAtm A Aok Fzh A &7l mhE ool st
a3

frob sherast
29

SAm ARE o e F
AFARE AN EA 336 | 336 301
(A)
=] 7} ez o 2k
CRER 61.36 1 61.36 5497+
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A B 96.69 1 96.69 8,662+
oF 357.22 32 11.16
* p < .05 xx p < 01
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w2 oy E
37 471 8%
=3 H91 30% 91 30% t
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HA A A
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<E VAT agAR AANEAS A2 490719 g3 we fole] o
a3
Frob S5 a3}
a9
S A 53 df 5 o A ¥ F
WAL R A A=A
N 44 1 44 035
(2] ak
A H7Iel 8 90.25 1 90.25 7.032+
(B)
AxB 278 1 278 216
o 800.78 98 8.17
* p < .05
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M(SD) M(SD)
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= 2 —
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ABSTRACT

Effects of Cognitive Load and Presentation Method of
Teaching Materials, and Young Children’s Working

Memory Capacity on their Learning Effectiveness

Pack, Yun Hyun
Interdisciplinary Program in Early Childhood Education
College of Education

Seoul National University

The present study examined the effects of different characteristics
of teaching materials (cognitive load and presentation method) and
young children’s working memory characteristics on their learning
effectiveness to ultimately propose practical pedagogical strategies for
children with low working memory capacity.

Participants in this study included 239 five-year-old children
enrolled in kindergartens across Seoul, Gyeonggi, Incheon, and
Daejeon provinces. To solve the research questions, six types of
teaching materials with different intrinsic and extraneous cognitive
load levels and two additional types of teaching materials with
different presentation methods of information were used. A total of
eight experimental groups were formed with each group assigned to
different teaching materials. Participants were randomly assigned to
one of the eight groups, where they participated in the learning
activities accordingly. Young children’s learning effectiveness was

measured after the activities; children’s working memory and attention
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were also measured. Collected data were analyzed using SPSS 20 to

conduct descriptive statistics, multiple analysis of variance, one-way

ANOVA, and independent t-test.

The major results were as follows.

1. The learning effectiveness of children was higher when the internal
cognitive load of teaching materials was lower. In other words, it
was more effective for children’s learning to first present visual
materials in parts and then as a whole once more, rather than
showing them as a whole or in parts.

2. The learning effectiveness of children was lower when external
cognitive load was added to teaching materials. Factors not related
to the teaching subject or distracting children unnecessarily had a
negative effect on children’s learning.

3. The group of children with a larger working memory capacity
showed higher learning effectiveness than its counterpart group.

4. Under various teaching conditions, the learning effectiveness of
children depended on their working memory capacity. When
presented with teaching materials in parts and then as a whole
without distracting elements, the learning effectiveness of children
with a larger working memory capacity was significantly higher.
Meanwhile, the learning effectiveness of those with a smaller
working memory capacity was remarkably lower, under the
condition of presenting teaching materials as a whole or in parts
with distracting elements.

5. The learning effectiveness of children differed according to how the
teaching materials were presented. Presenting auditory and visual
information to children at the same time resulted in a higher

learning effectiveness than providing it to each of them one after
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the other. The order in which the auditory and visual information
was shown did not affect the learning effectiveness.

6. The group with a larger auditory working memory capacity had a
higher learning effectiveness than the other group; the group with
a larger visual working memory capacity showed a higher learning
effectiveness than its counterpart.

7. The learning effectiveness was higher for children with a larger
auditory working memory capacity when presented with auditory
information before the visual one, and for those with a larger
visual working memory capacity when presented with visual

information before the auditory one.

This study 1is significant in identifying the importance of the
cognitive load of teaching materials and the methods of presenting
them in a teaching-learning environment for young children, and
investigating  effective  teaching methods according to the
characteristics of working memory in young children (total capacity

and capacity by type) so as to propose the applicability in the field.

Keywords: Teaching materials, Cognitive load, Presentation method of

information, Working memory, Learning effectiveness

Student number: 2014-30534
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