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Abstract

Mathematics teachers’ content knowledge is an important asset for effective teaching. To enhance this asset, teacher’s knowledge
is required to be diagnosed and developed. In this study, we employed problem-posing and problem-solving tasks to diagnose
preservice teachers’ understanding of fraction multiplication. We recruited 41 elementary preservice teachers who were taking
elementary mathematics methods courses in Korea and the United States and gave the tasks in their final exam. The collected
data was analyzed in terms of interpreting, understanding, model, and representing of fraction multiplication. The results of the
study show that preservice teachers tended to interpret (fraction) X (fraction) more correctly than (whole number) X (fraction).
Especially, all US preservice teachers reversed the meanings of the fraction multiplier as well as the whole number multiplicand. In
addition, preservice teachers frequently used ‘part of part’ for posing problems and solving posed problems for (fraction) X (fraction)
problems. While preservice teachers preferred to a area model to solve (fraction) X (fraction) problems, many Korean preservice
teachers selected a length model for (whole number) X (fraction). Lastly, preservice teachers showed their ability to make a
conceptual connection between their models and the process of fraction multiplication. This study provided specific implications for
preservice teacher education in relation to the meaning of fraction multiplication, visual representations, and the purposes of using
representations.
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A AE 7FA| 3L QLEA] E o] EA| o] gt ] A2 wASOlAl A& 4= l=Aloll theh A5 0] 2|44 0 & 423)5]ojgltThe.g., Ball
etal,, 2008; Son & Lee, 2016). 1 Z, =5} W84 2| 412 sHAYE0] =8P A7t i g]of & Y-8l tist wALE 2] o]si Y & L}
ERH, o] AA| £go A TE7Fso AT ol = FFS FhWilkins, 2008). L2jL; 2508 WAFS2] 48t Y184 2] 4]S
A2 AR EL2 oH|WAFEY] 7 EH E= U84 2| Alo] HAFA 2] Al 9] §3d/do] HIshAl B53HE A& 08 BG5S THeg,
Adu-Gyamfi et al., 2019; Siegler & Lortie-Forgues, 2015). 0215+ 4138 A7 AiH5-2 250l wAbE2] 425 -84 2] Alo] 2 =3
< A5k, o] 2 A H ot QlaS AlAFeHT)

E£5], B4 A4k 258l A mfe- A Ql W&ol = Etstal of & SHYSHE] AdQl, T2]a1 wAtol] o] 27]71] o] 9]
Sh= W8 99 5 shuo]th(Charalambous & Pitta-Pantazi, 2007; Yeo, 2021; Yeo & Webel, 2022). £4~2] GlAll(e.g., Son & Hwang, 2021)

T} ¥l Al(e.g., Bansilal & Ubah, 2020), &4ll(e.g., Son & Lee, 2016)2 LHeAl(e.g., Li & Kulm, 2008)°1| ©| 27]7FA] WA} of B A}
£9| 2|43} o]s & BHASE AtE0] ThgstA| o] Rl Rtk o] gt 7| & A5 EAIL shATg oA Ueht= ofju]Ake] of
2 ek utgo g 50 oj9A s dAke] 7S ofslish=Aoll 1 7o) Qlitt. o]of| o] wAtES] 428 W84 2|4} o]
& EAE7] QoA ZAAI7|E B85t G50 A|&24 07 o] Fo]F{THe.g., Toluk-Ugar, 2009; Xie & Masingila, 2017; Yao et al.,
2021). ol Al B3 FAIE A7 IStAY 28A & Eal ZAIE HEgohe 2ol A T d 454 W& 2] A o] BEstohd o4
7Fs st BAIE HusHA BHE 4= gl7] wiEolch ujoll A = EAIAH| 71 S E-8-5to] B0 datol] thst ofju] wALe] o3]S A
A7} g% o YTk Noh €] (2016)= B4 WeAlzt TaAsto] o] wAS o] AER] 2A|A| 71 & & o] el 27537 ol
QFE WA= 9E BAS Af, 2 5oH|uAE ] B4 WEeAle] oju|E FEsto] EAIE THEE Aol ofE S AL
stqict. oo A5 A7 U EAIsH 2 TS FolA] olH]| Al 24 AARS o BA| ofsfistal U=A] 1A
= SISt Aol A 2ol 7t UATH, ZAIA| 7] = EAISHE FollA] o & 3F 2ol 23S T3l th= HollA $HA17F Sl
ol thEA| U F Aolx = A1 IATE A ZAA7E sl 2L #A1E s dohe 22 Anba o 2 gAlisto] Ao At
£ shgufgoll sl o]gA olshista QU=AE Bt A2 0 &2 A E 9 THe.g., Toluk-Ugar, 2009; Xie & Masingila, 2017
Yao etal., 2021). THhA] & A3 250 | AAME R StojF Foizl B A Aof] gt ZA S A7|5F Soll Al 2 28
sto] ZAIE iAok, &4 s d-& WA g Sof| ZHAIE A 7|5k & 5fod, £A A7| ek 74 s Zoll A Ueht= Z5ellH|aAt
E9] B4 FAlol gt o] & thHA 0 2 BASIGITE £5], B0 A4t Foll A FALS MBS o] f-= FAlol olehs 2 =&
Sh= ol F Atol 2] A Th] xof| Tt 7|2 A o] & A wet -84 2| Alo] F Q57| wjFo|t} AFA4Tt 541 2
59] FAl ab X cQ] Bfoll= 7129 A FA40) 471 (@b s o] RS B85t ZAIE F22 HA|9] 2405 9l
TZ(1/b; DE 3 ZsH= Zo] ol A& 7HsSIAIRE ab X o/die F 247 7HA = A & 7|E SV AR O 27] giEo) 3eE 7
A FE21bXd; 1/b; 1)E 5kl F-g-aloF ke oA B2 H46ITH(Steffe & Olive, 2010). L2 22 ofH| WA 0] of g 4=
U8 A ALE 7|3 QlEA] Lok 7] YsliAls B4 FAlol Bolehe Pt Al AA4kS ofEA] olshiskal QlEA] EAIA 712
AN 2ol A thHA 0 & A = Zlo] F a5ttt o]of E422] FAlo] tigh EAIA| 7] 2k A Aol A Erfu= St vl=;
9] ZFolH|WARZ2] o]s & FAls A} Fhek 1A A Q1 A A= thgat 2tk
Sk} v] o] o] wARES] EAA| 710l A R B4 FA119] o] alf= ofw§hpe
Sh=at | =] ollu| wAE 2] FAIS Aol A Ut 24 T4l 2] ofsliot Bl E-8-2 ofwghrpe
2 A5 Bl ol wAbEe] 24 341 olsiE T A 0. 2 gASh= Woho] tieh Al 22 =9)= 28 ofjH| wAtu & T2 T
ol 4= Aol Tt -85 T/ okl 72| = | Rlo] S 23 AR & =25t

N =
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0153 - 0|X|2 / 2RIR7| U SHZS St 3120} 0|2 ofb| AR 24 T OfsH A
o|2% b
F5targojxe] ZAA7
2| SO E 555 A 02 2| A A U 4= QAL nEiALE & thH|E = Qs IS 71E 4 AESE A
32 FAle] o] FzEojgtet. EAls Aol thet Al o] Eobrlof meha] o|ek Hasto] 42814 BA|E o] EA| THE A7t
tigt 2R A7) 0]l thef A = At E0] 2| %24 0 & 0] F0]| 1 QltHe.g, Cai & Hwang, 2020; Singer et al., 2013). ZA| 4] 7] = T3] Al

2 TAE TEE ARRofuzt shgo] @11 Sl 425hul-gol| tieh 8H4 AlaLE A E 4 e FEE F8E 4 UTKSilver,
1994). T3 WARSO|A| = sHY 2] 2814 ol & HHT 4 QU= 718 & Algdl7| = otal F BTk WAL 2HA o] ZAA| 7] of]
H qEF2 WAHES] 42814 oafets Z]-2 e o] Jltk(Cai & Hwang, 2020).

TAA7 = A ZAE TSI s dohe thdeh el digh 9141 2] A& Zpolof uhet H&d FA|A| 7], w2k 2A|A 7], L
Tz BAA 7] Al 71 2 255k 4= Q] tkStoyanova & Ellerton, 1996). @& EA|#| 7] = D& 42812 A&tol| A £41|1 2 A7
she 210 ol & o] AZMIZ ol et ZAIE RHEA| 9 Zo] 2514 Wjgolut 2] & o2 FAE RtE= Algol o}
2hA] chefst migho|u 278 Al A EAIS TS 4> QA TthStoyanova, 1998). 0|9t BE] HFLZSHE 2R 7| 9F L2 o ZA|A| 7]
= Aok 2AQ] A1 Q] wtolut A Alg-st Fol o] & i o & FA|1E T AS 27t RSk EAIA7 = 71
71&9] 84 A3 o ETEi AL 58, g, TAE A-8oto] 54 12 E HAllohal o T =3
Zloltt. 23 EAIA7 = FolX &S B o & FAIE THELL Ao dAkS Eg-aloksitt. ol & S0l
AIE BAE ol-gsto] & ZAA 7| 5382 xfolg At ‘o)A 219 mhejo]] ZQ1F-0] 104 SXIFYTH
i 5019*@4& I oS RElE oA 2Q1Fo] Xl w Bk 31o] o Ho|] sl UL E
F2SHE BAA 7| 2 215 0] 9 S5 i 0 2 tefst f3 9] 5H4 R E T
2}% FAA7 = 52 Ao ohe)7} e EdUTh A A 2Q1Fo] 221 1
%01 gtEYTh Al HAl| Z2Q1F0] &2 5o EoigtEUTh vl A 2150
=5S o 2ot 21o] o ol ARt gol 253 0] HEE FAE Rt 2.9k Zo] %<1
el %HEE}Z 3 l 5 ?ﬂ‘%ﬁ}% 4814 25 U O 2 74| 5 vhEofof gitt.
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EAA 7= 51 W8-S skl ShE ATt ofu2K(Baumanns & Rott, 2021) 31F W& 7t2X]= WAFSO]| o] 27|74
(Osana & Pelczer, 2015) THF%H Ti/dol] Tt -5 0] AP E]ojgteh vtz 2, @HHIEAF—J +xﬂxﬂ7l%%} SHAFET F 2
F52 WAL th(Cai & Hwang, 2020). €7 7= ZAA715 S8l TEold BAIS0l +93 sHY) eh52 2=l 2 9

SHE Sk Aol FEsto] BAA| 7] I ZA17F S2 ol G3HA Q) 45k S 9l 5282 % 5_5_ Fch(National Council of Teachers
(]

TH= o

of Mathernatics, 2000). 0l 22), 2AA71Z ol mAFS S| 2| 4jolu} Baje wekal7]7] i3 A £ & Ay 272
A, o2 He= ALET Qltke.g, Kotsopoulos & Cordy, 2009; Silver, 1994; Tichd & Hospesova, 2013; Yao et al., 2021). Silver2} Cai
Q0Sy= BAA7|E 18 =72 o mALS0] mAlS] S A Bistel BAIS THE 4 QL AFEFS ISk o] 2} BaiE
SAIR17] 2k ST Kotsopoulosh Cordy (2000)= BAIAI7] 252 ofls] mAFS 0] 7H] 454 o|she Satat 4
3] 2 opaelh fARSHAl el A= Noh ] (2016)0l14 Z25ollH| AS 0] B4 e Al BAIE THE uf 712 1 QL 24 Q1 A]
N3t 95038 BASe] oa| AT OIA] kg A A Alak A o]t S Aol ol ol Zo] F 23S FESHA, ol 2
o] ZtH L2 A FA|A| 7] = 428H4] AT o5 5 9)5t S XA 2 E-8-2 4= U TH(Hospesové & Tichd, 2015). L2 O]«= THA] &
5ff o8| wARE2] 7 E 4 o5l f=o] ZAIA| 7] AgolAlQ] of 2 ZaF A A o7 AAH 4= 5= 2| 3Hth(Isik & Kar, 2012).

B BAIOIAE o u AP} 4718 BAAE So) 24 BAS o) oju] 2 ol sk Y] A R0 2 ofulmAte] BB
Alof| th3t o] 52 EFEE 4= 9} o] 2 Aluj i 0 2 ofju]| WA} B4 FAloj| M m44et 44 18] 1 F g B3t 718 ofF
Al olshEtal U=A] T2 Hok AA|S] A E 4= Qlrt.
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B Ao A= o] Ao A A|A| S choFat B4 FAl oJn| & ALo] BAof uje} S48ty BEol BB S MlA vl H]
£, A Yol wak B -Er TF-E3HHe.g., Lee & Pang, 2019; Van de Walle et al, 2019; Webel & DeLeeuw, 2016). Chong (2013)4
Greer (1992)7} A& &t vk} Zho] Zbzko] ou]= M= PIsHA| 25 = 20| ofE & o|loj|Al= & Aol Flo| 245 F+

ARSI EAE AR

St nlE SRE Y L“‘ 39 BRA| = A o] -2 o] HHEE| = Afolth. 547t ARl 24 FAol A = AFA A
22 Aol AT, 5471 4R Aol A A-8517] o H ke HollA §HAI7F T

H2o| H2 ofn]= AA| EXVH 3/4 FollA] 2/59HE9] S ot AF O E A o] HEo] HES Ao B0 2 thA| 54
Sh= Zojt), F20] B2 oul= 24718 9] FAlol e 4-83 4 itk A4 o] [Tt ZF2ke] 2427} ofd o] 25 YEhdTt
+ AollA i E4 4 7ol 1o 2 48517 ol = of 2] Fo] Sl

A4 v on]= “AQ] 2]20] 3/4 mo] il BY] 222 A9 2]29] 2/sHljo|t}. BY| 2]22] ol drRIZbr el o] & 7hA] of
F= TAA O 2 H| ok Aot} o] “Ho) FHleial B0 = B4 FRol B glo] BE FAl Aol AR 4= ik
H|2 9= “Imol] 3/4 kgQl HAZE Utk AL 2/5 me] FAIE ArielZ17et Zho] M= thE & F72] e, Zolet 7)) Ato]
9] YA 3F Aol w2} & o] sfidote thE U] A71E FHohes Adgolth HlE 9= FAlol Bofsh= % Z7Y Ul F Aol
WA 2HE SFEE F=t ol Fdh Fi, A4 H|al 9|7} o] L ot F7o] foflvt 272 g5l lh= oA A}o]
7} QAT Van de Walle €] (2019)= 547F AFA4Q) HIE A4S 54571 0| 2 AAISI oW, 5471 24291 HI& =2 2o

H2o|u A4 vl ojn) 53 A= B2 o] § wE 28 o7t ok

AAMZEe Blo] ofn]= “Th27} 3/4 mo| AL |27} 2/5 mQl A|ARZR 9]
oA A= 2H ] e, Holye s AFolth 547t FEe
2 He= oPh Folil, 4w A HS4E 2R GZ ofe &

Hgaet 47 BE 22 1 mE 7] S92 okl 32 MER
9} Zko] Aﬂiv_— A& THEo Ul & ditolghs Zloll 23S Fof thRA]
thell, 620 m= 1/20 m7} 37H4 2291 Z|ALZEe o] Hol),

npz|Eko 2 2 Lol A= B4 Aloll A KA Q] 2/32F A2 3/40] ME WAFShE S Lok A TFE on|et st ] 9
aff wa} FZo]2fal %3} Yim (2012)2 Figure 11} 20] & A A2} 0] 2/39} 3/40] A 2 wafsto] HHE0]A]= 22 “m(A)=213,
m(B)=3/4Y i, m(A NB)=m(A) X m(B)2} Zro| A1 2] & 34 P(ANB)=P(A) X P(B)2} -2 FEf 2 HHE = F(p. 141)’ 22 A

HoH} Lee@} Shin (2011), Webel 9] (2016), Yim (2012) 5-2] oJ& "d%LXF—% 2S5 mol|A] TR e B ZAo)| 4] o]t oju]of] =

ol P o7t USE AAG, kst o] oju= Z58tuol|A] Hol Z&- %‘—‘% H2, 3414 v, vl-&-9] ofnjet o2
uj54et 5400 7|2 @97 A 1= 2] wiizol SR Stof = fJ— S4ol| tigt o]sfjof] Exte FEE 4~ U oH, A=
WaFg o] off FAle] S ofn|sh=A & olslotA] Xt AdEol A X*XPZLE“P Aol & f™do] U7] wiZol.
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ol B melrhr et o] 2L Aele] % el Lol

T4 B3, B olmlol A s WA 1A 12 7]
o} shARt AAZH ol ofmloll s
St ot 250l A= BAlo] of
7] ol REo] sBol i} vl ofn] Sut Azste] T
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Figure 1. Intersecting part (Yim, 2012, p. 139).

o) aate] EAISH A2t £4 &l thEt ofsi

o Ate] £4 B4l chgt ol 81 B AYshr] IsIAlE BAIAZ |01 B4 T4 BAES o BA ANSHA S Al 2
ot BESITL 24 T4 BYAS BHEA AZIE 4 Aok shelehs A2 BYg o] gto] A Y HHsta Ane T
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=

053 - OIXIF / 2MIM7| 3 2 S St Sh=at 0]= ofiH| AR 24~ Z Ofsh Ef M

St Hot 242 2|4 o] " g sttt o|of FA| o)A of|H| WAF = WAL F AFESH OFoFSE AJZHA] B3-S Fal B4 FAE of

2| olsliotal U=A1E BT A7t A& 22 o] Fo]Z] AL U THe.g, Luo et al., 2011; Tobias, 2012; Watanabe, 2003; Webel et al.,

2016). CH| WAFS2 24 FAIS A[ZHY HEE o]-8ato] sl dot= Yol A TSt oA 2-2 A2 4 =t o= 24 FAlol
I

ot on| o} m] 54, G4, 52 7] ©Rlol] thgk ofal, Tl o] ikt oA 7t B4=0] A3 7] 2 @l E okl 7l Estet
L 7, Aol Ast B 221 e E £ 2714], Iesfok & Ho| uf-e ] mf 50| ChTobias, 2012; Webel et al., 2016). °l1 2 S

o] Luo £] (2011)0|A] u|=3} thgke] A B ofjH] WAFS-2 Figure 25 4/5 X 3/40]] thgt 21 451x] 2 w2 Hoftt ojH| wASL 1
O|FE F 40| 712 W7t A &2 2] %7 wZol2kal 5i3iTt. o] & 53 Y clH| MAES B4 FAlS oS4t S50 7]
TI7F B2 M2 22 4o 2 Hrolgo] 1 Qltk= ZE & 4= Qlth o] ‘“1*‘401 A FAE oJnjetal Aikg 5] ¢
3jA] ojw et 22f-& sh=A] 52 E—#—S—*é. of| thgt ellH] ARES] o]t A3 A 0 2 AAH T b EAlsH A A oH| wAREe]
AT AL Bl S22 A A 0 2 BASH0 24 ofH| iALe] E4 Al o] oHOﬂ ot FAIARI HEE DS 4 Sl

Figure 2. Correct picture for 4/5x3/4 chosen as incorrect (Luo et al, 2011, p. 169).

B4 FHY A2 B B4 FAY ofn), meo] 43, mHo| ALg B ZRio]M TAH 02 45 4 9lck
941]]-‘: ol—oﬂ 7]35101 oJo DEE’_ X—loﬂk] _IJ_.I_EI]_J oqq. Eeﬂ /\]._9_ Ex-loﬂ EHOH /\-h:ﬂo]{_].

o 98o mdo] nokof wat Mg vyl Zo] Rel(fA M, ), Ho] mel(Y, A, 7|eh) 502 TEETHLamon, 2012;
Lee & Pang, 2019; Reys et al., 2014; Webel et al., 2016; Yeo, 2019; Yim, 2012). FE3F 0] 2{3F Rl 52 A A|H F2 o|AHA 0 2 FH 5}
A, 540z st eAlo tet Al 4 ek, = e 2 o4t o3l Zo] Bl go] BEl2 o1& mulojtt Figure 3
o} o] shuto] B Qhofl o] b4l HE I} ALAQ1 HF o] Ao AN H = F9%= k. 2 Aol A= ol Relg St 2

olaki A g3
. A

) Set and Area model (b) Set and Length model
(Reys et al., 2014, p. 280) (Yim, 2012, p. 146)

Al

4249

Hm

Figure 3. Representative examples of mixed models.

54 BAOIA] T R (114 X (84) S (249X (B4 SoIA] A2 uie el ALgE 4 ek oS Sof, 24
383 Z20] w5401 M%7} Bgo] Bamo] el wf Sretul g Hae] Buuka ol ol ujeiste] BAIS 4 5
9Ick. o] RS 42 M3 (L SR Thl TR 4 ek wl AAZEE Bofol e S A Mt fARSHA 3 o 28
gsfo] 1§ hrHe HollA] o] B 788 4 9l ofo] u]sh o] Bele Halzolut Ut o] ofef Wagko z B e
§3H 90|k Qo] B} o] BRE m 540 540] B4 FRo| ATelo] BE B4 B4 AFOIM AHET 4 ke
o] 9lct. £ Bee Zo] Belt yo] BEL A% ARSI ALGSHA) 9 k] o)A W Wolmel A AAFIThe £
91t} o2 Sol Figure 32 (by= 4238 Lket)7] Sls) olA4 0 2 Hae 47le] ] 212kS 352511 27h2 AjAsto] A4l

ru&
2o v

O
:
2 e Ay

o 2

f
jatn)

Fe BT > AUk
3 B4 FAlolA) A1ZH 2] ALg- BAof sl LA M o2 A A =BT o 2] H O Leed} Pang (20192 B4 F
Aoll et A7k o] wipAjo] of BA 0 2 ALGEEAIE B4 FAlo] W A, 4 FA] AT B, B4 FA 2L
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2|58 Ast| 9ot B2" 02 JLE5lo] BASIGIT S Izsak (2008) B4 FAS 7hE 2] o] H a3 48} 2|42 EAE]Y|
sl WA 714 3 Qi T} Pxof wElg ALgHE BAA B 7ho] Ul A Rl o) S So] WAHS-L Figure 29} 22
a3o] A=A wf 45 3/40] Zget 2 RIX S weksh=
el A8 2 G, 2L Fo 24 ) SRAFE oA AL S A 52 TR sk 0082 A2 2
do] WA AR 520 2 4712 S A AlSklet A Hd?%ﬂ—t— 222)2) AAFS 3lo] The 3k Fof| melo] 71 ohe thas)| LRy
7] 913t A(illustrating)°] T} F WA= of 2] FA|ol|A ZES 2 2|2 grol| A 2 27)e] Fotal At
78] 3ot wElZ Zhof ALk ¥Rl S 55k 7q(lnferrlng)O]\:]- A BR= 87 o] 122 B3|, = 138 E) AX S
=22 0 & 2235= Z(deducing)©] Tk HFA|BFO &2 SPYE0] Thokst Abalo] RHS-EHHA] £4~ FAllo] Tofahs oFe] 12 5 # A3}
1 chFel A E3gho 24 2A 5= Z (adapting)©] T}

‘o
=
%
R
nﬁh
U
%

e
Holx}

2 Q7 BAIA7| ot BAlGl A S Sl 3t v)3te] 2ol mAbS o] B B4 o % olalsia YA BHals}7] Sl
A, A7AFS0] B 72 47451 Qe 32t vj2e] 2ol IAFSS I oAb 2 S} £ Uzhe] oful At S that
o ol A, T Urzhe] B4 44 AN £417E M 2 Tz 7] wEo] o) 2 Il EAIA 7|2t EAlald BAolA] oful AFS )
lﬁﬂﬂﬂwfﬂmﬂﬂtﬂ Zole} o=l )] mholtt. o] 3 E5h4, meHo 2 Ch2 Heolq AR 4sh
© 24 oflu] AAte] B4 FAlo] T ]3| S THEER EAska o2 Bl A G SRlolq Hrt ARl ANpES E

A S11c), B, % Lieke] ol TAME 2 5 A7AHE0) 7l et Fetolgi] wlEolch chet 5 Utek Afole] 254, 2
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Table 1. Problem posing and solving tasks

Type Task
1. Using the equation 5x2/3%
() Pose a story problem reflecting the given number expression. Explain how you pose the problem.

gsﬁgﬂm (b) Solve the posed problem and illustrate a strategy with a diagram. Make sure to clearly record your explanations next to the diagram or
representations. Describe how problem posing influences your solution strategy?
(c) Pose many story problems based on the problem in (a) by modifying constraints or goals (Please do not solve the posed problems).
2. Using the equation 3/4x2/5.
. (2) Solve the given number expression with a diagram. Explain how your diagram is connected to the number expression.
Fraction
. (b) Pose a story problem reflecting the strategy you used in (a). Explain how you pose the problem. Describe how your solution strategy
xFraction .
influences the posed problem.
(c) Pose many story problems based on the problem in (a) by modifying constraints or goals (Please do not solve the posed problems).
2427

AA7|E EABEolA Y= 24 F419] olshE 245 YAl 4= FAle] ojun] et 24=0] AlZFA mof tigh A3
A2 Lee®} Pang 2019y 7 H%%M +AEAE PRI Leet Pang (2019)2 2422] 2w o]sfieh AJZp2] o] wieh &
22 Ao BNZAZ A|AIGFG AT B Ao A= o] 2 Hslo] 5| A (interpreting), ©] 3l (understanding), %2 2(model), T
(representing)?] U] 7}A] 27| & vleko 2 BA51Q] ThTable 2 Z10).

Table 2. Analytic focus.

Dimension Component
I1  Different operations

Interpreting 12 Confusing meanings of factors
13 Correctly interpreting

Ul  Improper or not multiplication
U2 Intersecting part
U3 Equal group
Understanding U4 Part of part
US  Comparison
U6 Rate
U7  Areaor array
M1 Set Model
M2  Length model (a: Tape, b: Number line)

Model M3 Areamodel (a: Circle, b: Rectangle)
M4 Others
R1  Improper or not multiplication
) R2 Situation only
Representing

R3 Result only
R4 Process of multiplication
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N
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0|2 B4Akg o)A o]@ | E-86H=A| S A HQIT) ‘B e vl FAA UL B4 FAlo] opd Th2 B4 ¢JAko 2 sjjA]
S 7oz = 2fare ojnjgict

92 ek @Ak B U2 AAolAe] g BEak Aol A el The 8 Rio] Wajahs ke ToHe A%
4T U 34 45T ﬂol 22 45 wrEsiol take 1S jnlah) ‘Rie] B WA} E 7)Eo] Aol
U 242 AAE| T 50] Tigk 5Eo] Ahxahs QRS oln|Fit “BAIH BT (US): 3] 4ui'el o] o} B8 Tl 74
sfo] 70171 QS Bt 223H2 o|njgtc). I8 (UGS ATt 371 8 Bl 9 o] Z017] T Sar} A2 T kel S, 7
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WMy o] 2712 Ao Zolg Bl Lehil B w7 A4H9l Zo|S Lehhs B o 83 LhM2a) A4
2 HEY 4% IrhMb). £, Ho] R M3y Ede] 1A Yol MAR BT FE Lehis el M) i HAE
(M3b) 2L 83} 53] 2 Aol 3 ko 2n Basieinkn seks AAE) ke ANztE e B8 A9
go] B2 FEsgc 28w, 9lo] 7|7olM MAE|A] ok melo] AL A9l YIeF a2 EFsteiTh RN 2
Solu] A5 0] 54 BEE B83to] o JErx] Folzl £Ale] AT Hesh=A Alw gt RAd i u AL
FRI1YS B4 F4lo] o GIAlT} e T2 QiAko 2 BA|E ofslst sldshs 212 oln|3ith A (R2yS ol £Ale] 4Y
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Table 3. Example of coding.

Example Dimension Code
[Posing] 2719] 229] o= 5 me] 2/3YIT}, #719] 79| Zol= & mAL7l? Interpreting 3
Understanding U4

[Solving]

o ; N " 4 s Interpreting I3
| [ T T I | I P |

« J X 5 74 s

L T L i _SEEEEE

—  — % Understanding U4
ZF 1 mE 5L 3524 stof 1 Foll 2715 Z3ct Model M2a
ol 1742 1 27 Qo] & FO 2 o} Axghe Mgk, LHE A 33}
1231 35E F ’F 2ol Asiizl A &5l 33 1/3 moleh= s =SS Representing R4
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£ 0| B B 540t 548 vl A TR H9o] sidEit). 12w, Folxl Zo] HAo] th HES ks Zojma ¢

o] Bxvo] ojujo] sjdBtchU4). A7|H EAE siAsHs IHoIN T sg sy mek 7+ Zo| melM2a)E AFEsto]
1442 vl BT, E3, 7 | me) 238 Aol Ul IS oA B4 BAlS Hie] By ojujg ®
A(U4), A2 BEE Sa B BAle] Al 371 ATl QTHRY)

Bjo] Nz SR oJalA B 13 RolA s S We] A} MA] B4 Alzile] 2002 alA, olal, ), wale] Boil A
bt s n i) A Esleint AxaiA e AL o2 FalA HAjo] 2712 £AsAL Ao] G e wEdow
53 29I 4705 $49] £AS vieko 2 Lol 2ol o] GFAES S0 23 THL AT, Ol o
2 A2 20%E 402 3t AEsigit 7 B4 E8 @ Fe] Uhd 227} 09010l (Vier & Garrett, 2005), LA
OF= A3k g0 0|2 m7kx) A =elalolrt. o] %, % Hel A7t Sy Ko R R Aol thet Y 4 Foj EH 0
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A EAAY) 2 SRR 2 Alelw]

Table 4= 312 o H| AP} F017] 24 FAIAJo Tl AFG-BAIR7|S 4T 1 BAlS Waehs IHolM Sal Ba FAle)
oln]g 245 Atolrt

Table 4. Frequency (percent) of Korean PSTs’ interpretation and understanding of fraction multiplication in problem posing and
reformulation (N=17).

Code Whole numberxFraction FractionxFraction

Free Posing Reform Briee Reform
I1 0(0) - 1(5.9) -
12 8(47.1) - 1(5.9) -
13 9(52.9) - 15(88.2) -
Sum 17(100) - 17(100)
Ul 0(0) 3(7.0) 1(5.9) 5(11.6)
U2 0(0) 0(0) 0(0) 0(0)
U3 1(5.9) 4(9.3) 0(0) 0(0)
U4 7(41.2) 10(23.3) 14(82.4) 23(53.5)
us 1(5.9) 7(16.3) 1(5.9) 6(14.0)
U6 8(47.1) 13(30.3) 0(0) 3(7.0)
u7 0(0) 6(14.0) 1(5.9) 6(14.0)
Sum 17(100) 43(100) 17(100) 43(100)

Note, I1: Different operations, 12: Confusing meanings of factors, 13: Correctly interpreting, Ul: Improper or not multiplication, U2:
Intersecting part, U3: Equal group, U4: Part of part, US: Comparison, U6: Rate, U7: Area or array

Sh=9] ofjH] AR (RFAS) X (£49)2] 749 TR 0]/d(52.9%)2] Y E0] 542} 1] 54=2] <3l thal|A] Bf2A] o] alstaL Q)
AT} 23 F2 H]E(47.1%)T F29] HE2(41.2%) 2Ju| = Foix] FAIAQl 5 ><2/3°ﬂ st EHAIE A7 |5t A7 H 2AE
HE5H= 7ol H]&0] 30.3%, F22] F20] 233%=2 2H5= L5 AT ohE FAll9] ofu| = tiefsiA 8= ]t £5], Yo

2 14%2 AF-EAA 7|0l A= Zoks 4= QI Al o] o] n] AT o] TA oA §h=19] eflv| wAbS o] Bt Ak %%
Sh= 22 & 4 ATk A& Eol, olH| WAL AE 5 X238 Bl B2 o] B3 ojn| & &-8oljA “E7]2] 2] Zol= 5me] 239 YT
o] Zoj= % mYu7tr et Zo] BAIE A715HA}. o 710l A A& o1zl 9] Zo|Ql 5 m= T g4rol| sigstal oS54
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o] 221 23 ol slig otz FofRl 24 A4S vhEA| ofsfiste] ZAR L2 YERIHAL = 4> QUot o8] A A= F20]
A ZAE “TE27F5 em, M 27F2/3 e 2L 9] W0l S FollmAlth” = HEgsto], 2| A1 412 HAsHA] ob2 A s 241
£ Hol& Hote A2 MYkl

(B X ()2 7ol gt of|H] wALS] 88.2%7F & 22s0] o|n|2 u}2 7 s|Msteltt. ZAle] ojnj HEo] HEo
82.4%=2 Ho] Z-gsIal FAlA] H|aLo] ofnje} o] 5l HH%U —4‘3]5 5.9%4 Z-gsIith EAHE dAlIM = Bio] Bis

53.5%2 73 2ol B3NSR A BAAISH D) o8-8 4187 2 Botel EAIS RHE | S15icke), o ol ol
B 34 x250] chat BAIS 47|12 v 0] B oJu]S B sto] ol £ZRE BheL o AR BA|] 3uFolA 25
2 AF8 YU olFgol7t AHgE HAI ARl Ankelx] LoRgAILE” o Zo] B4 RStk 221 AL 12 w1
F 348HE-2 22 U912 sho] 10| that 255 Soh BAR 3549t 549 ol S s ajstel R4S xﬂ71 stgict.
o ul Al B ol EAIE MHT uf B4t TIohZ BEHA “Brhe] FA} 1 moll 34 kgQUITh 25 me] AL B g7}’
o} o] ulge] ojnl 2 WAIGiTt. Tl Lol Bhefo] TAIZ 5wl Aolo] v 2 A ek, £ Zolo] an%s}t -
2712 Sohh= S sfeic

Table 5= B2 o8| A7} S0l B4 BAIAo] chal AL G-RAA 1S S1L 1 BAS Wsh BAolA Sl Ba B4l
oJulg 243 Aol

Table 5. Frequency (percent) of US PSTs’ interpretation and understanding of fraction multiplication in problem posing and
reformulation (N=24).

Code Whole numberxFraction FractionxFraction

Free Posing Reform Free Reform
I 0(0) - 5(20.8) -
2 24(100) - 13(54.2) -
I3 0(0) - 6(25.0) -
Sum 24(100) - 24(100) -
Ul 0(0) 0(0) 5(20.8) 5(7.7)
U2 0(0) 0(0) 0(0) 0(0)
U3 7(29.2) 7(10.8) 0(0) 1(1.5)
U4 0(0) 0(0) 19(79.2) 44(67.7)
uUs 3(12.5) 10(15.4) 0(0) 1(1.5)
U6 14(58.3) 48(73.8) 0(0) 4(6.1)
u7 0(0) 0(0) 0(0) 1(1.5)
Sum 24(100) 65(100) 24(100) 56(100)

Note, I1: Different operations, 12: Confusing meanings of factors, 13: Correctly interpreting, Ul: Improper or not multiplication, U2:
Intersecting part, U3: Equal group, U4: Part of part, US: Comparison, U6: Rate, U7: Area or array

FAHH o2 AT EA, 0] ofjH| WAFE HA AFAS) X ()9 9 0171 4 02 RE ZAIE A7|E uf u]54et S
o] =M E uHtol A A Zkek= Z o] AT EESE HAl] ofnjo] Fe- EA|A 7oA v &S E-E5he BTt 583%= TP E
o] UFeH 1l 5457H=29.2%, 18] 1 FAIA Bl w7} 12.5% 0. 2 UElgth EAHEoA = H|8o] 73.8%2 74 Wo| Lelyt

I FAA B 07 154%, 547 108% w02, 83 FA14 vlae] oju]| 2 AAIg 497t 2F solyitt. 12|y l&<] 4
S, BT S57FAAGRI S A0 2 Saterel -2 AFol Qi) ol & Eof, oflH] WAL C= 4] 5X2/345 BT “Bitiit §F £o]
o] #AI= 2/3up2 E QI UL Jessica”| 54:0] &AM vlLpLEe] & FA|1 = Lupdy 7k ek o] viuut 7)ot Aol thgh Bl & A
oz BAZ Egich 3t Fol7l f2]0] 7R 5x2/39] BAAEHS whE= Zo] ofUzgt 23X 5234 58-S =239 5
)] A}&0 &2 uptol x| ZAE A7|5HILE. o| A Y A HES F5ol = &, 4R 5ot A2 o]ofA| = ZAMM oA
T oA 2 Eg{dt ofH| WAl C= 7A|2] S Bl A 40 &2 v7sto] “FA §F 3ol 23 T =Y s 53
AT, F4 0] FAl= duilurto’el o] 218 A 7|5 24|12 22 H|-8-2] oJn| & o] -&3}o] BA| S My

)r[

4 AX|Z 0|2 o4 BALS O HIAIE] SRH= 2/3X50|X/BFEXISO| O[S1S £7| 9IsH ES0lAHS 312 HIA| Wil w2t 5X2/38 23101 7| &3 Ol
0= HIA|El ZHA| D o] Bt Eict,
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Table 62 &5 ofju| A7} A A3 A2 melollA] 32 4 9l 44 o] Fefe} £ B4lo) ofn|S B3 Aot

Table 6. Frequency(percent) of Korean PSTs’ interpretation and understanding of fraction multiplication in problem solving

(N=17).

Code Whole numberxFraction FractionxFraction
1 1(5.9) 1(5.9)
12 8(47.1) 0(0)
13 8(47.1) 16(94.1)
Sum 17(100) 17(100)
Ul 0(0) 1(5.9)
U2 0(0) 2(11.8)
U3 5(29.4) 0(0)
U4 8(47.1) 12(70.6)
U5 0(0) 1(5.9)
U6 4(23.5) 0(0)
U7 0(0) 1(5.9)
Sum 17(100) 17(100)

Note, I1: Different operations, 12: Confusing meanings of factors, 13: Correctly interpreting, Ul: Improper or not multiplication, U2:
Intersecting part, U3: Equal group, U4: Part of part, US: Comparison, U6: Rate, U7: Area or array.
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(c) an example for U4 (d) an example for U2

Figure 4. The meanings of multiplication revealed in the visual representations presented by Korean PSTs.

Table 72 115 ofju] SLAL7} AIATS A12H2] ol 2& 4 Yl 4410 e} B4 BA] ojn) g HAlG Avpolct,

Table 7. Frequency (percent) of US PSTs’ interpretation and understanding of fraction multiplication in problem solving (N=24).

Code Whole numberxFraction FractionxFraction
I1 0(0) 2(8.3)
2 24(100) 11(45.8)
3 0(0) 11(45.8)
Sum 24(100) 24(100)
Ul 0(0) 5(20.8)
U2 0(0) 12(50.0)
U3 24(100) 0(0)
U4 0(0) 7(29.2)
us 0(0) 0(0)
U6 0(0) 0(0)
u7 0(0) 0(0)
Sum 24(100) 24(100)

Note, I1: Different operations, 12: Confusing meanings of factors, 13: Correctly interpreting, Ul: Improper or not multiplication, U2:
Intersecting part, U3: Equal group, U4: Part of part, US: Comparison, U6: Rate, U7: Area or array.
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AAIBEATE. () X (B0l s 1540t 542 A5 HI2A| A AR 730 A & vHtol A A|A|gE 7327t 242} 45.8% = L}
ok EAAQl AL (B4) X (B4l A= 50%2) o|H] WAFS©] Figure 52+ 20| A|ZH4] R el wxp HEo] oju| & Ueplith= 7
olt}, o]of| s Fst= AH| WAFE2 TIF-E ()2t o] ZAbzHY Yo] el o] 8ato] B4:0] FAlS F B4rifo] wafshs 20
2 FHSIAAITE, ()2} o] Y& o] &ato] HA| ¢ 5709 2/58 Mo = WA ohA] AA| ¢ 57H9] ZH2ke] 344 o2 Mo &
doto] A= F2E 02 07| % 5t o]+ F 2422 7|2 @97t /= A& Dtk oA Hie] B& ou|E E3o}
= ke RS " e 7t 9k 1 o] of] B o] B 99 204 B HAlof] A 5H51R] -2 AR 20.8% A A= ATt

Figure 5. Representative examples for U2.

Qofsinl, ofs| AR o] A|71d ol W50t 545 BT S B ATk BAAIS}H AT TS AL L 4 ek

3,513 ofFIAREL 95 ol Aol W1 s 5h9) 601 S0 B B9/ koo, elel bl B e 8
71ele] SR 14 X (BRI TE4et 549 9318 EFot0] A4S HE4R B Aol Ft B4 40 o
oo} gtslei Al 8 olu IAS S 5 74 B4 Aol M 5 BEo] B8 ojn| Al7t4 melg Eae unio] ol okl

RFE-E (b4 X (B4)0lAE S417, (24 X (B4l T3 320) ofu] 2 74 ol AAlslitt, 53] v elulaAts

2 BAAZoIA a3t R ofn|2 B85 A7t Q9o BRI AoIAE ol S Bo] B83HE B4 S Btk

PR TEES
Table § 1 ol M AL} AN B A2 BE1S 2 BAG Aafolrt

Table 8. Frequency (percent) of Korean PSTs” models of fraction multiplication in problem solving (N=17).

Code Whole numberxFraction FractionxFraction
DorC M Sum DorC M Sum

M1 0(0) - 0(0) 0(0) - 0(0)

a 7(41.2) 0(0) 13(76.5) 3(17.6) 0(0) 5(29.4)
M2y 6(35.3) 0(0) 2(11.8) 0(0)

a 0(0) 2(11.8) 4(23.5) 1(5.9) 0(0) 12(70.6)
M3 b 2(11.8) 0(0) 11(64.7) 0(0)
M4 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Sum 15(88.2) 2(11.8) 17(100) 17(100) 0(0) 17(100)

Note, D: Discrete model, C: Contiuous model, M: Mixe.d model, M1: Set model, M2: Length model (a: Tape, b: Number line), M3: Area
model (a: Circle, b: Rectangle), M4: Others.

OEQIHIEAF—(X}CE#)X( )2 () X (B5) BF dE5A 0z BdS A AR 497t o ottt ol2fet Be= (Rhd ) X
T)OIAE 88.2%, (£4) X G250l 100%2 Aok, BEo] FRoM e 7 54 Aol A 2ho7h vpebted], (ko
T)><( 4)°ll A<= Figure 49] (a), (b)2F 22 Z o] 2&0] 76.5%, ((£4%) X ((&*)°ll A= Figure 42] ()2 22 W o] EHo] 70.6%= 7}
& ol ARE I FEERR M2 A X (20l Al RS Sarriu a7t Al BlE SRR 2T A
Foll = tf -2 o] Bz 1520 2 A AJstRlrhs Holth g (RFA ) X (2ol A S o] 11.8% AR 2 2fof] o]4H4]
Q1 et 2El2 A A =] A] k-
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Table 9= 1| =7 ol B WAL A AR AJZHA] mell S R 2 EAYRH Atolt.

Table 9. Frequency (percent) of US PSTs’ models of fraction multiplication in problem solving (N=24).

Code Whole numberxFraction FractionxFraction
DorC M Sum DorC M Sum

M1 1(4.2) - 1(4.2) 2(8.3) - 2(8.3)

a 0(0) 5(20.8) 5(20.8) 2(8.3) 2(8.3) 4(16.7)
M2 b 0(0) 0(0) 0(0) 0(0)

a 1(4.2) 6(25.0) 17(70.8) 3(12.5) 2(8.3) 18(75.0)
M3 b 1(4.2) 9(37.5) 13(54.2) 0(0)
M4 0(0) 1(4.2) 1(4.2) 0(0) - 0(0)
Sum 3(12.5) 21(87.5) 24(100) 20(83.3) 4(16.7) 24(100)

Note, D: Discrete model, C: Contiuous model, M: Mixed model, M1: Set model, M2: Length model (a: Tape, b: Number line), M3: Area
model (a: Circle, b: Rectangle), M4: Others

0= OB WAFS-2 (AFA ) X (B4)0ll A= Figure 69 (2)2F 22 & 2E(87.5%) =, (B5) X (E4)°ll 4= Figure 69 (b)fz} e
A&2Q1 2 dl(833%)= 71 Bo] ARESIIT) = 71| JAll A&l A B Ylo] E%‘% 7?% o] ARSIl =t (AFAS) X (B4
ol A 70.8%, (4% X ()0l A 75.0%2] ofH| A7} H o] mEl-S AFR-SFSI T

HeEEEE S| O
{ R R |77 |20
Eg@ %’?» W o] | 3
W e~ 170
N
(@) (b)
Figure 6. Model types most used by US PSTs.
Qofain, 5t o] TASL T 71A] A 2ol 04% %9l RS 717} Bo] AMEBIZIAI R (R}eid) X (B4l Al Zo] 2
D2, (24X (BN o] B2 go] AHgSlgict. Wi 1] ol IALS & 5 71X A RolA] Wol Rel 71y ol
AHESFAAI R, (RFAG) X (B4)oll e &3 2l g (B4 X (E4)olA e A4 el wo| A2t

AlZF3] BEo] ALE B3]
Table 102} Table 112 72} 323} 0] 2 of|jn]| WA} BElS ALRSH 222 Aa|st Zlo|ch melo] AL 223} #adsloi A= 7}
et aﬂﬂlﬂf%—OI TEEHE 58S HolV| e 354 HIlth & Yt o uike 2 B Rde
= WEtd= AS "olMA 24 A2 At g 7kA] Adrgstalat shaich. 7A14 22 gh=-2 (AFA ) X (247)0l1 A 82.4%, (24)
=)lIA] 70.6%4 ofu] wAFSo], Bl =2 Zk2F 70.8%2F 75.0%2] cflH| wAHS 0] o] g EAS BTt

Table 10. Frequency (percent) of Korean PSTs’ purposes of using models of fraction multiplication in problem solving (N=17).

Code Whole numberxFraction FractionxFraction
R1 0(0) 1(5.9)
R2 2(11.8) 3(17.6)
R3 1(5.9) 1(5.9)
R4 14(82.4) 12(70.6)
Sum 17(100) 17(100)

Note, R1: Improper or not multiplication, R2: Situation, R3: Result, R4: Process of multiplication
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Table 11. Frequency (percent) of US PSTs’ purposes of using models of fraction multiplication in problem solving (N=24).

Code Whole numberxFraction FractionxFraction
R1 1(4.2) 5(20.8)
R2 5(20.8) 1(4.2)
R3 14.2) 0(0)
R4 17(70.8) 18(75.0)
Sum 24(100) 24(100)

Note, R1: Improper or not multiplication, R2: Situation, R3: Result, R4: Process of multiplication

B WAFS 0] A4 RS o] 52 0 2 AMESIUEAE (B9) X (B9 5 TALE AT EH 2o FAllol| 23517 k2 =
S A MG R12] tEA Q) ARl Figure 73+ 2}, $HE2 5.9%, 0] 20.8%2] oflH| wAS 0] 0|9} -2 mElS A A|5HiTh R1
of o= olH| WAFE S T4 & 740 2/59 3/4, 3/105 ZH2F 1 O 2 H ok ol WFokieh oS54 2/59k 54+ 3/49]
Z}7¥o] ThQI7} B S M E AL THGE GO 2 BT A 02 Ho} o] 52 n]&4et 49| ofu|ut &S vi2 A o]s)ist
A 55k 9122 HAE 4= Qlth £3] Figure 72] ()2 2+ -9 nhx] wxt B2o] oJu)x]q] /59t 3/49] 715 TS U &
(A 2002 B FHSAAN FAl9] ZIE M2 HA= B2 2 35 Ao ofet Z2ho] ofg BF F 3o an 4
SAIA Y BHsHIT B4 FA19] oju|of mhe} o2 |9k, 255tulolA Hol ALgste B4 E FEo] Bi FAA v, HlE
59 oJujof|Al= 4 ool 7HHAlE AArtE A o] 43S Sttt & $40] 7% el mls47 Ht sEA| R R1€] BES)
£ OH| WAFS-2 1|5t S0 o]2jsh BAIE HHA] £otlt). 5 o] 52 18-S 5ol A E sl Z st o] ofal 243 A

18 59 13h8 EESITHE AS 2 45 STk

>

-‘o

R
= 3 . Gitl2
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IS=E S

W) & i Sows 275 syiided and Wer
SIL%)MMIQW \\Aﬂne E\ugfwf nelyed (ae 1o
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Figure 7. Representative examples for R1.
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A
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77 11 ] R
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Figure 8. Representative examples for R2.

R17 thEA| R20] S sl AH| AN 2 B S HAE 7S 292, St derttE S 7IE 9ol = & vEiisith =
7wl Sol T 2REShs AN S IH o2 HASIAAIT 1 S T WALE 715 T2 siAshs 32 ol 235
X1t} 53| Figure 82 (2)2F 22 749 3/42] 2/55 HEH7] 913l 1/40] 391 & AR 5525 AR AJZH2] RedlS o]
sto] 241 sl 2st] flsiMe 2429] 145 552ste ‘E“Tg—“*}é‘ | B 25} Figure 89] (c)2F o] AAH4E Ho] 2elS o] 85}
o3t HAIS FED 4= AR B2 o] FZo] WA 9] 62095 BT flsiME o8] 2 147H4] 5525l Ued 2e
7371 R3] thaE AR ARzl Figure 99 2k, RE=oll MR 17(5.9%)9] oW A7} o] of 22 RElg

Figure 9. Representative examples for R3.

o] Z$-oll= Figure 79] (d)2 thA| 1545 A9 3402, 545 3/40] 2/57HF 02 HHIAL, FA1] ATl 3/108 LreR
.}, kAR FAle] Aol 3/100] oSt IS A A 2L == AZHA »dof] x| d 0 2 A|A|E| o] Q1A] Qkcl
Z-3H5HH, R1, R2, R3°]| 3 dahe ofB| wAMS = 412 Ak A3kl 3/10(%E= 620y A1ZHA BElg o] 8sto] 15t Zlojahr] B
© PR A QA AL Sl F2 78 Sof| o] & A7 mdlof] AT Y2 & 4 Tk
°l°ﬂ H3j| R4l SiFSHe oM WARE 2 Al ZHA] El S o] §5tof B4 FAl0) 4, A, 2| AHE EEshe S EF E
Fspleh. FEIT A2 =2 70.6%, Ol=2 75.0% 2 tR-0] SHYE0] oj2fet B2 02 HEl g ARgsiitheE Zloltt. o]
Sk tlEA Q1 AR E HA] Zo] Rella} whedsto] A 2 Figure 103} 2T
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Figure 10. Representative examples for M2 and R4.
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Figure 11. Representative examples for M3 and R4.
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