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AREE StaolA] 245 e Ay W BAE 5o

goll &stAl ok FAstal Aget Eof A

2 5= &85t ofF A2 = 34l BAIE sEdH o] § #H HAe Z85te &5k 5 AT
gstod o2 A & FA 2AE shdskes A vl Aol Hedt 24 sid Ao ek(d]l: 12
x 17 =12 x (10 + 7) = 120 + 84 = 204). & AFoM= FAA 2l 244 deiS 2%
o wa gio] 2l Hale &8t A 24 s Aee Akshke bl b aabARIA] Blal 24
£ fste] A& Ee 2719 2Eetuold 7RE s eH, Aol st 35hd

-r:l [e)

YSE ) A Aeow Aol wgHsth 24 4 Whel 3 W L FAH By

P78 Hol JINh) 3 F4FE 14 (4] 71 o F A 14 mEo] 2gd 912
A WY A A2 7R A SN B o] JN-aEAl Fu S B A
W AW (A 71 gz A1 B A Tjukgo] S 24) 9 208 SAsiett.
A3k w4 2A0] BE FA B4 2 58 GOl Kot gl Ao rehdth s
A giztol Z1aek FAIE 24E0) A4S wolol ZIt PAIE maE A o A 4 34
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I. A&

AR ALE 582 EA ARaLS] Ixko 2 =) o)) AFHE dlSshe Wi 8% HRlolthH <t 9], 2014
u]Ql, A3, 2017; Fuchs, Geary, Fuchs, Compton, & Hamlett, 2014; Jordan, Kaplan, Ramineni,
& Locuniak, 2009). 7|&9] A8 A1E2 AFEEC| o2A & A2 4= 4t BEAE Eolot=Ao HE3
2ttt (Campbell& Graham, 1985; Lefevre et al., 1996). olo] el Ajd oz AldEo] off A48 4= A
A BAE g Eolsk= Ao dis] Adidoz A7t ujulst HolJtKCarpenter, Franke, Jacobs,
Fenneman, & Empson, 1998. Hikendorff, Torbyens, &Verschaffel, 2019; Lemaire & Callies,
2009). ol=gt A2 0] A A5 7FHolAME, tiFEES sk sk AL AAE 6|1 $55t

+ diofwt S & Aol ARdoltt. oo vt skaAbrt AH41e] AE A A4S vigo R Behal A= o
A BAIE oA 2dt¥o g sjdst= Ao dioias A7 FE3 HolYitHHikendorff, Torbyens, &

Verschaffel, 2019; Kilpatrick, Swafford, & Findell, 2001; NCTM, 2006). °]& o}59] A4 58S
o] oot Aok ol Qlo] FUigt £A=R & 4= Qlt}. whaEba] 4 J 3t Fste] APARES oFsol
oy A7 4 ZAES oW ohdtt defe g sjdst= Ao s ot &l A+E & a0 ok EjE
4 T5 Ak ZSHOA ofEA beFet B4 Eo] A A os A Al 1yle] "gsitt

1. fotal Hgfet Mkt o2f Rf2| 5 ALt

I

of

)
o

AEEZ ZEsHE AL AXe} st Akt AFEE Ageto] ofF XY ¢ A4t ZEAIE 2
23t A2Hadaptive strategies) 7Hd3 olhE EdiE E34gt A4l BAE Kot 1HE8 JH
TAR ¥7 7ksoHA sto] egAkEe] &4 Ap4lo] £A5tAl Q= A A 8 x 7 = 502 =9 2
U 22 A ARES S84 ES 78 J==E =& tHBaroody, 2003; Carpenter et al., 1998;
Prather & Alibali, 2009; Verschaffel, Luwel, Torbeyns, & Van Dooren, 2009). 7§ o]sfo] vlEkst
A2 st ARtet Mg Jdsk= dl Qlo] of2] 7= folulshA &8 ”Vﬂ Apg] 4= ofsfof| tf
e AAZ 2 oy A 5 Bt A ‘ﬂrﬁ & Se A2 59 o2 HyEY = A ke JE
Eo] &2 & 7ol e obs9] A 1302k A4S 10 + 3 02 QAT = St} A4 Aol of
gt olsi= 2%, 1¥, 5, 94 HASS ﬂg'o—}oq A4 ZAIE Eolsh] gA HEtke o &2 &
S99] o]t A4 Aol tigt olsls 5 SE5HAl E WEAE Qsle © Hie- 5835 17]'—§H
AR 4L 7ol gt ol R 3 WA 5|1l Hie+= Hl qlo] ofHeS ZHsH|E TH(FEH
2017: Herscovics, & Linchevski, 1994).
2 AFoA= off 7HA] fdstar ARt Mg Fofl F A ¢ JA ZAE Eoloke Hl ArHoE &§
g & Sle 2l Aol IS Tl ofsEolA oA BIHOE A= 4= Q= A|of tis B HtTh

et

1o

& E0] 12 x 17 A thaf 4zts] EX} RS AFES A7 FA 75 v R ShuofA] o
5|20 v PekE Akt Axjol wEt FAIE & Aoltt. AT E o' AR 9= ool Zo] fdsta
st H2hs AHEolA BAIE E = 21% Zo|t},

12x17 =12x(10+7) 1) A &+ Hde &8-S 53 F2 2 Ei
=(12 x 100 + (12 x 7) (2) Buiz &8-S 535 Ak A4
=120 + 84 (B) &71" FA 75 A% E= FHE ALt
= 204 4) FF AXt 23t =&
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1S &8st I A3sE B4 2o| o2 d=Fe] a2 EA| Zolo] FeAdy Al&A
2 AR ﬁ‘_r“’ﬂ/ﬂ &olo] =}, 3t A Ao mE 4"31“5 SS9 A9 25 x (10 + 2) < o] HHj

g = FA BAIE 25 x 129} o] HH3t d FHE AXE F A = FA EAETY
= 707 YERtHLiu, Ding, Gao, & Zhang, 2015).

2 1S 712A)7] 5 gt g WEHE0] =9Eo] S HSA, o1jE, 2019; FYE, 2013;
Davis & Simmt, 2006; Lee, 2014). ¥ aﬁ%oﬂ%i—t— olfgt thyet W F At AZHarithmetic), Hol
(area), B4 (algebra) 7|40 2 3t WS Hhgof| A9 24S Ttk Baroody, 2003; Carpenter et al.,
1998; Prather & Alibali, 2009; Verschaffel et al., 2009).

of Al 7HA] w W FAH WpH Ee A WY EA4E AU glon, 85| 1A e
I 4 A HEL 1 JEHY A ol ofEeE Fe ol EE Akshe o AHQl AoE
A Aol =oj=]o] YTHUAFR] BXE, 2016, F, A&7], 2008; Witzel, Mercer, & Miller,
2003). 1 HEAQ] = CRA(Concrete -Representational-Abstract) ¥ HHo] AL, A48 & &
o vigst —T’-ﬂ]’“(concrete) Y, TAES 2802 YeE = 59 vlEst #44 (representational)

2P, A E S S8 03*19}°}t 250 =gt —?J%Zﬂ.(abstract) WFHE SA R Aoz of
50| FFH ol E@r s de dA olsfstetl =ie AlEeATHWitzel et al.,, 2003). & A7lA

L ofo] Felstel A BAM 4 24U 2L FHA F A 5 B4 QeI 28T 4 Ak
s WA Age NEshe o A Btk 2 3 Ee A 542 71451] Ho] Ll 40
o WA AR,

QA 77 & Yolg ANoR T B4 PUSS FAH B4Y0) A5 4L it o] 5 7
o okFEolA] A4 HET A ZHT Bl WA BEUS A=k QA 12 A w5 e

=

f
2
El
D
oL,

§-, oFsE°] 93] HAISHL U= T A 4= Ak A A (arithmetic facts)e A= S-&3tt}. Hol 7]¥t o
9] B¢ 6}1:1 QAgt aRARQ] WiAA R Bie FolE A= L83 B o] F 7HA] ug S
FAXE 992 st ol o] oFsy] Xzt v:E 71%5(perceptual-motor system)s &-g&3jo] HE

Y} o] 753’4“? | €A HafAl= AJA 1A o r FAABIRITE o] = 7HA] FAF i Y SOl
o] o aabA9l < 9 Hol(learning and transfer)E 7H4& 4 U= A= A1 & 714
o] A&9] AL ofefolA FAHOR =25t} gk
02 St w4 WO AS i oS o kel —H‘om IO A AgAS 7RI,

e A9 2 HAS vy 22 IS Z-gsto] &A Eol EAE AH
X (y+12) =& xy)+ & x 2. ol 28 HA HES Aoz JI9} o At

X L
'l__ QLN
35 e Aol g ARt olSES Fold 54

Q of > 4> on ok
ok
n‘E.
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%42} 9l go] 7y o gga} oERE HlELste] YAt
AL 3okl A7) BelE 58 Foto] HEAQ AM ¢S EETORA BN ogA B8Y 5
9H=A) o8 B Aot

oo 7 W o) TAA SHORE Q4 Azt N EA e Al WAl ohe A X4

o
+ ﬂlIO

o $4 BAE AT 4 LS Awshs welth oksEe B4l BAS (] 9 x 3= 9
9 +9) oleh ClnlAAE HEoR Y YT BRI x o) £L olssA Hek. Hol Ju w4
e 25509 B4 AR Ao 98] A8l ofel 14 A2 29 59 shjoltCooney, Swanson,
& Ladd, 1988 Lee, 2014). 7| A% Q7oA o] Wjd mdz AYSIE SQchAFH, olgs,
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2019; Y%, 2013). Hol 718t 4= H-2 ob59] Algtt 58I A7 5 715 7IWe g FAlo] tfgh
o] AAE L 7+ UEF Arstke HRolth & FoiX FAl £AIE 2 Folof YuF g #/4fslolo]
e Folol EAIE ALY 99 QY v b =FEY ieE Ao EH Yolg melsiA gt ®Ag4] 7)ut
g S Bl RS AP o7 FATISA o A o] Al ZAIE F FA49 FoE AdshA
NEAT 4= ULE AZoh= Holth o= % oks=ol #ieA 2 B4 JidS At KR 5
= &89l 25HBEE FA olsiE 5= UEF sh= FTHoIth
ool A AmE FAF uey d F4H A AR A4S HAT £ Sl RS 7HA ITHAE):
Uttal, Scudder, & DeLoache, 1997). °l& 7|&9] & uHo 8315 v EA4sH= A8 A7oA EA
HE d3s0] YeE olf-o]7]|% SFtHo]l: McNeil, Uttal, Jarvin, & Sternberg, 2009). 7414 249
AL S5A19] AR A4 A Z 5 58S 7|Ho R of= o QU o] wief ©d2 7 dAE Fxpt
9~ £X35} Floj glo] Uhlslstyo] ojgfgo] WEE Holt} A& o] A T 7gt w4 v
A A A 4 Jldo] AEER] g 409 AS AR |0l Algto] wET. Hol 7]uE W B
735 78 x 892t o] - & F 59| F = Al A2 9] FAS A&k Hofl B2 offo] mEt.
3 Yol 718 w4 WHel A T T4 T2 AHo] FMHoR g E= H 4R ofs=2 olEEt 9
b AAE 7ML S £E YFoY RREY ofgE2 DA %2 4 St} E3E Yol 7§k w B
vH|gAske 9u] HE(informal semantic model)d ®gAl9] FAlskE #7|H(formal notation of
algebrayZ 7SI olsfist= d o] AR A FHehks S/ 08 Zefs7|E i MceNeil et al., 2009).
olof ¥rsf| 34 HIH Aoz WA FAE /S SEAlA ARHoE A 4= 9l
A BFEEtHE FHoltiKaminski, Sloutsky, & Heckler, 2008). §413kd =8t #7]HL WHA 4] w4Ho] &
23t F3E0] "HtiKaminski, Sloutsky, & Heckler, 2009). @24I5}s 45+ #7|HL AA5, £ AF
Fglo] ojH o= UM FHES 4= glom 9] F7]of AFglo] YulslaiA ARgE 4= Qi SRA|Rt &
AR AT ARe 9ol fle AL ofyth WA W AolA mAg A ofF] 4 AALE & 4
U TEol FE0] AdEo] YA Y= oY SEAAE ofHs] ofzle IAlo|tKLinchevski &
Herscovics, 1996). E3 W74 7] thwo] 544 2|41& g7sh, SlAl A, 4, YeAle] o
2 ¢4t 718 F o' A4 AZ WA A sfoF sk Aof gt UMl AAE @ASHA Hr

o
L
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o,
o

i

1o

3. FAIM uEi S

1A
I

Aol 245
DAl 2

FAH B4 W A 2400 AR AFEE FRHES 1T o) vok o] ¥ k] m4ue Agdh
W obge] sl Holo] olWat AN 7HAE o] os) v &
Bruner(1966)2 314 2& 4 It 19] 0|22 A9o] w=wl 54 s F4 Aol det 74
oAl AFFORA Ao} Sul, oleidt PAMS AAES v AFFORA FBY EHES WA
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oA Hlgk ASRE AAstHth I52 AT 2] Al (time for telling)’& AAI5FH
b 34 4] e ShEAE AAE sy W8 BT iRt AIAlEE SESl A
0|50 A& A& AtstHrt. ol#dh w4 ALHY A4S FAH FAHprogressive formalization)zt
1 PYol7|E SHHGoldstone & Son, 2005). FZol= 7412 W A3(concreteness fading)o]z=
Loj7t o g AREEI 7% Sltk(Fyfe, McNeil, Son, & Goldstone, 2014; Fyfe & Nathan, 2019).
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£ Aqois A e Addolahs BolE AHolith A A7 AnEH A waioA
AHo g 44 4o Hilsks <AE Ad FAF 14 A £A7F ofs Y =8t gk5o] B k3|
He AoZ SRl K. McNeil & Fyfe, 2012).

T OE AR WA 4 FEHS 58 AAE 7|5 E Rl oF olF AAIFo|x B A0l
AEol= AE S| E SHYlt). olet o] A WaRoA FAH weHoR HAH o R Hilel=
TTHE B AFoAE 3242 wH AdY(abstraction instantiation) 2.2 @t EEs] FAH W
FH AY SA= I o] tigt 9Eo] AdZolE Etotal(Nathan,2012), 48 wabA 9] WA whofA
g AT Qe A= FLHo7| = SFtH(Sherman, Walkington, & Howell, 2016).

3 oAM= 44 e AdEoE A Dy AP 49488 S5k =980 1
ot Wo] o]FojArt. dwtFog A H e A oA st ok o W89 53 B g
& W89 Holo] Hr} adAl ZozE RISt FAFCoE AMEW 84 539 g AZ
(Fyfe,McNeil, & Borjas, 2015), AT} A0 AAAE #AS] tit A% (Ching & Wu, 2019), & Uopr}
33 ¥4 9 &L (Braithwaite & Goldstone, 2013)& A=k dlofl )lojA 414 wad AP &
A7 AR AS oI 4= it e E oE W dFoME F4E uaey A% $E44E HojF
£ A7 2RSS HofF7) % it g Eo] A718R0) 52 AR FZ e oR Allel= B¢ F
AH m4o] 5 Y89 g &50 9 E20] He AoE YE|E st tHJohnson, Reisslein, &
Reisslein, 2014). £¥3] Kaminski et al.(2008)2 44 w4H A9 3¢ A4 sy Adats &
2] Fpzo|n B3t A4 AHE AARCEN 4] g5 7ig ofs] E Hold ¥ BrHA & U=
A7 e stiet. webA T 7HA] 14 JEH oA F ol A7 B BRI -S| =89 o7t
om A& A5 o ENst FEo| HAY £ AFoAE o] AR izt §& A Bttt
golgt i Hel SaMdS AT Aol Hl Qlol, ShEAPE JiIAE EEojop o E wE F8%
840t Ching& Wu, 2019; Fyfe et al., 2015; Ottmar & Landy, 2017). 98 A& 4= 34 BAS 32
sk7] fsl 2l {2 HEokes A2 ok E4% AAH Aot o]& TR Fsty] floiAe
oy 7Hx] 7124 2|4 9 o] gHeh o] F gk &b o] Al WA, FAl, WAl gk RSl
71998 Wie dAE 4 (arithmetic fluency)2 FHEGE 93 712 S2o|t}. ushd o] 7|2 5382
F& F9 32 okl o|ASE Zddsto] HFAQl A} g2 Zolli= © qlo] 4k 2 718k Yol 74k
WA 719w "ol B SEE7] wjiEolth o714 SHEA EAE & Qe AR EE ViR A4t
Al

4 Holol uet Ll WA BB A BA) 2 A ois AHoLE Hol7h BASH=A o o]k,

i

4. A4 =ZH|

2 AToldE Theol Al 7 AT BAS Ageidn AR, B 4Ae B8 5 X
s ek s 420k Delste] ofwl W MO SATAA B4 A vs. A T4 A 2 of
W A W4 QA 42 7 s ol Z1he] b aabhelA) v Asstch B4, Bk
clRet Wele] 41 B4 81 Seu weiE ok Auo) do] SRolA oW w4 MY &4 2 ojd
FAA 24 Gl 7 BIAA HII ABAT A, B WA DI F A 5 B A
2 A ok A7 7 IS @ AR S Qb AT BRAS KSR S8 Belth

a
Eel)

- 177 -



1. &7k

B 7o) A FAkE0] F2 AT A IR 449 F A 2EshuolA wyHet. 7 ot
M2 3519 SIS JMIoR 7bY BAR Fol FONE WEPon o 5249 ZPolA Hel BONE
AZSAT. 2% 12089 sHo] 350 1517] ol (62 Bl 79 247) Aol oISt o] B 419
o SPIEL AR HAE A3 oln] & d79] £ o TRl F A 5 B A 75% oS A
Zolstich. AF HAE 3 A E AE 891 A o] BEL ofn] £ A F4 FAES AE el
EL S BEL0l e F0E Suelt mehd B AToAE A 42 T PSS AT L]
A 7979 S| S RS AT AT BAC) e g EESec

2. A7 AA
B A AE-14 AA-AE gAL AAE Aesigict. maT s ) Yek 7k Fa3 wel
o] gk A WA Mk 7 Wele e P ¢ BAE Jo8 Tk SEos FuEt: 1AY 15
WA vs, S T4 AY. oA g9 g dele PRI 24 F2Ed Bed 2o B 4%
oz FRECh A4 A 71t e B ovs. ol 71Nt wa . AT Fojol Fofet 7t e
(Table 1)l AAIE AAE 4719 o2 A A 5 T 719 A3 dddo] d9] viA=I. & 33 2%
7 q 77

o] A-oal 72t 71 R 20, PAA T4 e
Z

—E,— o = 0a |
=3 7IME A2 237, A wed AR-aA A2 7 A2 167, 18 A wae AY-=3

Table 1. Four Groups of Interventions by Instructional Sequence (Concretness Fading vs.
Abstraction Instantiation) and Concrete Approach (Arithmetic vs. Area)

A E= 2=

TFAA 1w Y-t A2 7] A 7t 78t BE WA 7EE HE
TFAA 1w Ag-go] 7]k Hol 7|5 & g4 7eE BE
4w Ag-Ast 3 7R WA 7R BE Ait A7+ 7|9 e
344w Ag-glo] gt WA 7R BE Yol 7[5t mE

SHEEC] Shy ATE oty fJoiA 37HA] & WS ARSI A ¥iAl 5 Wae 2 A7 ¥
A oks A F A FA £A4] E019] Hewo| AR AR HAPIA T A S5t F A S5
W5 oy Aol A= S4S el AAE o2 3714 F4 A Eo] sid 589 Aoltk dG5HA|

oFe 5 Ae] 5 B, Al A 50 T A o) B4l WA FHe) F A 5 B4 EAL o] 3]
L
5 9

22 A% ANl Zsiolth Al WA £ WE o e 4 ST L B4 U] ol



2% geiz ALELT. 7 280 AR FABo| HF Heke 4gs

FI,F

A%E A2

(a) Ao 22} 714 20| E ol H| (b) 0] 7|1 Z0|E ol K| (c) WA 7|4 Z0|E o H|
oA
ol 11x15=165 | oA:
| 11 x 15 = 165 10 5 1x15=165
MMx3 =33
11x5 =55 11 X 15

1M x10 =110
11 x15 =165

11x15=11x(10 + 5)
7t gLict NERS] =11x10 + 11x5

11%15 =100+ 10+50+5 =110 + 55
o Ol 45 T ¥ Cig 23 22 2t BT =165 165

o 03
(M+11+
@ ol 205
(11+11+1

() OfE #0102 T8 G2 ofF 30| 55 F3 Z249l & uje} ZEUt (1) B3te 48 1ol 12| 210 29| 12| R240) GO 2 BUBUCH (15=10+5)
(5 x 2 =110) (2) 2612) 2l0f T2 Ofd 4.0 HEHE Fh foz BHBLICH
(@) OfF 20115 § B¢ 2 0/ 401 5 § S8 Fitet o 50 108 T3t (1% *0;‘; " i 2 1 e )
Z1tel $2 ZELITH(S5 + 110 = 165) {0 BUCHO| HZIS (3) (2)0f EHE 24240| Z2 AMGHO] i3t F ES PHLICH (110 + 55 =165)
SHE 2 4749 24S BE at0] 20121 BA Alo] T2 et T 2012 SALEE M2 3A S410] UIZHS A0 B2 3 BAICH

-FOIE 445 10| BAE BN HAE 2HO| B2 74 AT
ot £Z0j 2530, IHEE, $42 YN HAE B2l B 79 BT, g
12x15 oz

L3

12x15 12x15
2x1 =
x5 =
2x10 =
2x15 =

12x15 =12x(10 + _)
= =12x__+12%_

Fig. 1. Worked examples illustrating the (a) arithmetic, (b) area, and (c) algebra approaches.

EAIZO] 312 d=Fe] A2 shgg Sl H gl He ACR gRlE o] Io] E AAE 4
Al(worked examples) & B4 GAER FAHOoZ UepfdrkSweller & Cooper, 1985). 2 TAEZ
SHEAPE PRt Al SAlE SOlA FE el A O S AR Fop ¥ & QIR ARSI 1
oje] A% B> ohatt A4 &l 32 %ﬂa—'.l‘ﬁ AFsHL A 4= UEs AF BAIS AASHIT

4709 A9 ol Ao wigd s -4 TAIE AlFsE] Aoz Fd R wige A7AF (Sha
H u wAF B =R AR FE Hﬂﬂw— & U A=E W T2 & g AR A HaE
o A #HolAo] AAE Eold AAE ATFARet 5”’1] 20| AFoIAT. olF S " 2AE wet
HAES 247 S 2 =29 AR Y A7 154 8, 154 38Y, 274 89, 2
F2 =589 F 43)°) 2A4 7t 6“‘“59] A5 Y g ol A5 AL sl ARE AHA AREE 2ol
Sto] eRlstglon, PSS A2 830] & B¢ HF ME AxE 5‘}‘5\‘:}-

Zb w4 BEd AR ug e AR, A 3 7 i BEE T AR 4 FA 24 siE9
o] T or R MAZ A 5 =S AT AR dgHeR “5“5}71] She AR A=sHAH.
(Fig 1a)° &°] ¥go] & AAlE AA7E veht k. o] A2re WA Al 714 22 559 ¢ s &
T o] B #52 Ioid HF 59 e AR =E2Y 5 AU=S ST

Hol 74k i BE2 F A2 = 34 241 il qlof A os BH MAE D 4 =E 54l &
AE =3 AR A4skiA 2AE sdske d=e A8ttt (Fig 1byoll &0 3ol & yepd o7}
At o] A2 WA #A49 F 5 =9 IRt AR YRR sk =4, =39 7= A=
Lolg Ao] A oF U9 A 2 ke si3lth A, 4719 FHor F8H =39 HolE ALtst
E=5 Sith 22]al vpAge R o]t 7+ g9 ol Fel F A g =& =S St

B84 7 He2 Al 24 sidE sl A eR e MEe Y & xS ke A A=SH

lo
ol —{Olt

_I

_[

=
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o (Fig 1oyol Eo| 3ol & vebdt oAzt AXEo] ek o] WL WA okt £5 A9 A o
Aol 2] 52 BSHES stk A 2 W0 o) WEoldl 2zte] RE T e T sk
PO o 2% Fol Ug olgsiel A3 AL G mtes o u}

WSS 230 2A 5 UG 24 U PAH 24 B2 o] wet 2Est € 249 14
B2 ST, o i RS £UL Table Dol AN A Fol  FIAZ () T4 158

i

8- AXE 72 7]ak H %-3 ) A4 na Ag-do] 7Rt AW, (3) 44 wa AP-ait 72 7]
gt AW, 4) 44 w4 Ag-yo] 718 Folnt. 244 u4 BE 22 FAIE wae(Q4r 1
7|8k B Yol 71¥h} TJ%H W4 7hhe] deto g o]FojHct

ZF BE2 1008A19] A5 BEAIS E36iqT) o] dg EAS2 113 1941019 terst & & & x &
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Table 2. Descriptive Statistics for Performance on the Target 2D x 2D Multiplication Problems at
Pretest and Posttest by Four Groups

AR AFA HIAE M (SD) AE HIAE M (SD)
TAH w4y AP-A4E 72 715 2.40 (5.1) 14.58 (7.0)
FAA wae Asg-yol 7wk 1.65 3.7) 10.43 9.1)
4w Ag-dat 7zt 7Rk 2.19 (4.4) 14.63 (7.0)
FAA W Ad-gol 7ek 2.10 (4.9 10.35 9.1)
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Fig. 2. Performance on the target 2D X 2D multiplication problems. At pretest, there was no
difference between those who would experience the arithmetic vs. area concrete modules.
However, at posttest, those who experienced the arithmetic module had higher
performance. Data plotted M = SE.
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Fig. 3. Performance on the three transfer measures at posttest: (a) non—target 2D x 2D
multiplication, (b) 3D x 1D multiplication problems, and (c) target 2D x 2D multiplication in
algebraic format. Neither the instructional sequence nor the concrete module affected transfer.
Data plotted M + SE.
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Table 3. Correlations among the Arithmetic Fluency Measures and the Target 2D x 2D Multiplication
Measure at Two Time Points

1 2 3 4
1. SA/ A At 3
2. FA A 984 .680***
3. WAl Ak 544 678 708+
4. A & A = FA 176 .190 403"
5. AF T AT 5 B4 495" 409" 456" 337"

“ p (.01 ™™ p (.001.
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Table 4. Final Regression Model Predicting Performance on Target 2D x 2D Multiplication Problems
at Posttest
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Combining of Concrete and Abstract Instruction for Teaching Strategies
for Solving Two-digit Multiplication Problems

Im, Soo-hyun (Postdoctoral Researcher, Teachers College, Columbia University)

People solve multi-digit arithmetic problems using a combination of routine calculation procedures
and adaptive strategies. An important adaptive strategy for multi-digit multiplication is decomposition
via the distributive law, e.g., 12 X 17 = 12 x (10 + 7) = 120 + 84 = 204. The current study investigated
the combining of concrete and abstract instruction for teaching the distributive law. To achieve the
goal of the study, we recruited third graders from two elementary schools in Seoul. Participated third
graders were randomly assigned to one of the four instructional conditions. They completed concrete
instruction (either arithmetic or area) and abstract instruction (algebra) in one of two orders:
concreteness fading (either arithmetic-algebra or area-algebra) or abstraction instantiation (either
algebra-arithmetic or algebra-area). Results found that there was no effect of instructional sequence
on performance on the target 2D X 2D multiplication problems at posttest. However, there was
greater performance on the target 2D X 2D multiplication problems at posttest for concrete
instruction that was arithmetic-based versus area-based. Transfer to multiplication problems of
broader ranges and different (i.e., algebraic) formats was comparable for all instructional conditions.
Finally, individual differences in addition and subtraction fact fluency predicted performance on the
target 2D x 2D multiplication problems at posttest. The implications of these findings for theories of

learning instruction and for future research on arithmetic strategies are discussed.

* Key words : Multiplication Instruction, Distributive Law, Concreteness Fading, Abstraction
Instantiation
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