creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

8

gie

=

2017

-
E

;O_l

0
N



2 A &8t

SECRIL WATCeAL LIMNVERSTY



S S ALY S A=
=AY 8t oA YERd
A3 58 el g A AT

Azas d £ 9

o] EEL TEIA F9 o ASY
20174 5€

Agdsta gskdd
&8 3 53
Z ¥ 1

z=gn|e] WA} FALES ARF

2017@ 7€
e (D
299% @
a4 (D
a4 (D

=
[0
‘o




2 A &8t

SECRIL WATCeAL LIMNVERSTY



<A
o

3

b

B
—
fite)
<
il
i
o
al2

3 A}

Paul Cobb®] A}3] <=8}

B

;OH

o

1

KH
)
X

al2
o

= wAASel A

sl

B

rvge]

Wi
o)

E

0|
TR

T, ek, B8

T
-

& A A =]

T, WAk 93

1

=

S

i

k9
.

o

23]

o
oF
o

Jol olek A she] 3ol A

o Al

=

A=

<
of

Fol st ofv]

“

ATt

S

g
o] A A<

S|
ax

2

T

af

qe AL}

o

T4

uj 3 o]

o Al
Al
7]

ik
o)

°©

oA LEr
AAA FEe] ARSE 3}

=

]
7

Hahgieh,

3

=

o|
<R

Nfo

]

7HA A

£

3

A, w2l

[e]
=



THA =

9%
ST S ) B = e =1 ) A ARRTIAN

Z]
=y

A A 7 e

%

ol
jins

ANA Td=

=
=

2 9=

2

Tor

Tor

—_
o

%AE

62| =

of 7t male] A3

L7t 5] Abdlel A el A8 e

el e

A}

=

—~
file)
xr
il
il

al

A

e

a4

PN
T

=
[$)

Fol Ao 7

Alell ol

B

o
o

=3
i
il

—

o/

L
-T-

FHe g7 vEh

a4

Abdlel A vERE ALS S

T4

ul =
= ©

a7

A&

A=
i

T,

’
)

i

@_

Feltofel o

= o
T

(s

15 o= T

TR,

s

o Ak heht Ab3] 5

Al
=

T ol o

ki3

o

Gl

b AA Se

3

DA

|, =7 e, A,



o #elun} o o

il

b} @

3

Dz

7 vpebe] w7 wg g v

23]

EAB SRR

=

29

ST
X

At 47}

ol

_]

A
]

o~
T

ﬂ
12 24

9]

o

i

5|
i

B
27

gl

z3e o

ol
=

A

722 ekl A

RERS

1o

il

ERER L R RS

Ae]

oj
;OO
3o

0

0

e

a4

QoA Fw= UEGE

o~
T

A9

T

-

sk
i A}s}

ks

[9

sasel gk el o] AT Aw

o

7 A
gt

[©]

=

Ay
7}A] a1

o

=
'—T/%] =

534 o1}

d 5 ©]

6_}/\
steb gl AA A

HojFr

oj
op

R

o
o

B

o~
T

WAL 1291¢]

=

=



Fao

TAES, AF5eE 79, A FEA, FATAL, F=TA

8w @ 2011-30448

_iv_



B e st i
% ]_ ............................................................................................ v
FE O ELR] ettt ix
TLZ B} e srae s X iii
[. A B cerrerererererereeseete ettt sttt a e eas 1
1. QAT H QA coemrrrsreessssssesssssssssessssssessss s s sisssessssssees 1
9. AT-O] E A wercvsreeneesssisensss i aa s 5
3. QT I EL vt aa e 9
4, L O] Q] F O] wrrrrrrrrrsenssssissessssssiessss s aas s srens 10
I 28t TA Y BEBAE EA s 12
1. BAA B37E& BHAA vAH FFRYL o] - 13
Tb WA O] AFFAFG FJE] e 13

. wAd o] kA gg i g
3F S ATE: HFE A TF e 16
ot wA el 3% dE i dFe dig A= g 19
CARZEARANA HAH FA B3 0] 8] e 93
Th A TERZA Y] ZEEFRAL T e 923
U AREEA groll A e oA A ofFf e 28
LA 2IE o)d3 7] Ao AAEH BA e 29
LT TA BB BAE i 34
III. 3+=23 A7EE 38 WA tgk o] ] «eeeeeeeens 36



1. A7FE 29 S A T TF O] B  ceevereeveecesercsesennsininnacnnans 36
ThATFEE TGO B e 36
U A7FEE0] WS A A DG TFA e 40
@t ArkEEe] Sohal wg iy

D WA QNG EF S5 A O T 48
2}, d=ry A7tE =] ety w83y
W WA T Tl FES A O F 55

2. ZA MW ATANNY FFH AAEE FHFFY e 62
7F LPSOl Al 8F29o] S28F2=0] HA1 AT} e 65
. LPSol A AZFEE 8kEe] A A e 66

IV, &3 HFH e 69

R R X 69
7F 3 A WA} ASF FE A B e 70
U AZFEE g WAL B F8Fu A A s 73

2. AT HF H AR} s 78

3. AR Y FAI B s, ]2

4, AT BTG E G AL i, 89

V. #H @A HERALY FgAtd A vhebd
AFB] 48} 2] JEH] et 93
1. 83 AR oA Yed

AFB) 4B} A] JFH e 93
SR oR £8 b @ Ay

A HPH O] T BF JEH e 94
. ole] etH o o

FEAONA o] TBE JFH oo 103

_Vi_



112

Bl

No

115

Bl
B

ool FetHow e cojrolx

o 717
Hl, ol

-

o

o

Al o

17k

-

N
=
A

o

o

= ZAAA ] o

=
=

gl

)
A
T
Tor

&+

123

2. A7 EZ A=wAre] el e

125

AFB) G BFA] JFH e

s
T

gt
o

mo

Bl

131

Bl
B

137

2. F9lo] FeH O the oforjol

o

o

Ao o

o AA]

°o% g

144

Bl

)
e
"
Tor

&+

jang

146

% fNaAe 593 47
Fotsg AHA Uehd ABSEE FE HE e

Els

3.

148

Mo

E

Tor

&+

o

"
Tor

&+
oy

........



A}Q A O EA] 166
o} gk #éﬂﬂ o ol Ayt ey

A}Q Sk A _ﬁuﬁ/] l_E'_;g ..................................................... 171
VI é% 1;1_2 %_:.‘O,‘I ............................................................... 1’74
1 _9_9_]: ............................................................................................... 174
2. A& 1;_1 lfg] .............................................................................. 180
7‘9‘- Il _11:?__ §.l ......................................................................... 184

RE 1 @23 A2 BSHH
EH_/‘I:Q]_ 7]—5—]_%_ %‘—/}J,_Q.i .............................................. 199
HE 2. £ ZFAIE O T AL ceeeerreresnennnnnntiiniitiiiiniii. 209
Abstract ............................................................................... 215

- viii -



& YaCkel, 1996) ....................................................................... 17
0-2> 4% af44 X5 I (Rasmussen et al, 2015, p. 262)

..................................................................................................... 29
M-1> A7tx=2 w59 7|gs= A3 (MOE, 2008) e 39
M-2> st4 =9 84 WA (Kaur, 2014, p.30) = 44
M-3> stz Artxa 533 wSay var Q453

'6‘/1\31 O e 48
M-4> =3 J7FEe st} w5 apy vlal 9g 3

TFO O ZE 2] O Bttt 56
V-1> 8 A WAL A1 9] 220] U ceormrsnnissnessnssssanns 73
V-2> A7I¥2 g =i} mA9 48] & o 77
IV-3> AF3]| 582l TP T} A H] e 84
IV74> _.?;_1%9] o:ﬂ ............................................................................ 85
V-5> 3b=r A WAL 509 1XFA] ol T A coereeerrenneneenens ]7
V6> A7FZEE g =0AF 4209 1A o] 3] AL cveeeeeen ]7
V-7> SAaake] Siah elemake] SlolA ekt

AFB]GEBFA] JFE e, 90
IV-8> H7FAF7F QR T Z T} e 92
V-1> A AL el A delhd o R 8 7bsd

/gtﬂjr,} /gtrg Hohgﬂjoﬂ LH‘LL -ﬁuﬁ’ ‘}/\]t‘g B 94
V-2> $HoR £§ bed Ayt 4y gl o

:ﬁl—]:ld o:ﬂ 17E4 ........................................................................... 95
V-3> Fe o $4 Hee Auat Ay el s

:ﬁl—]:ld o:ﬂ 27E2 ........................................................................... 97

- ix - AM=T ::



p——

[y D — N < X 0 0 o () o A ap) LO No) o~ (@) ==
< < = = 2 =2 = 3 i ML =N TR R e = 0 = i
: oo PoOmEo = P yht
[ R A R I Tl % O O i
= I = n DT R s I =K o) i | ) Ul
= = i = = : SR 3l X+ X A ) s oy
s T 3 o] &R 5 oo i o g WX
= =0 i = N = ek o B go i do =y o o o
= = i =° = o = = o= W o T
0 0 0 0 - o ol o W o< | ACS
SO O I X i om0 TN 5 X
X !X X T Mo o= = X 2oy Jo X = .o
; = K A I— X omo

GG N N Y PE XK I iR ip | WEE L L
F T T G N O - R TR BT S L I =
L e xTORT oW o oo i o o o ©
A R R T o T A S T R L B G |
G T S ol W NS o o _— ~ : my = F my my <
Jooi Mo i Mo i o b H o o o o P BT LT — Mo T _
I I T oo) LD — —_ —_ —_— B T o~ W
N : N : N : N — 1” T :'L X T T k) X = K ~x X

: : : ol DU I I T < =l = X = ) ol
oo i go I go i oo ° 10 o] o m o El 71 © ] %o T X R
o AR AR AR = TR R M_. Koo o N = N B
I MMMyt TEL I S I R &

S R = I B O R T T 2T o Emwar?
of 1 o 1 o o % ° A — = = B = —_
—_— N L X L 10 L O XK — 5 o © H =T Mm ° m E o Ao o
S e RPAN - o o= o
R OM R W o B e T O e TR, L LT TR T
- - - - PR T A AN I N

fie fis fie fie ol AN A LA N NN NI TN
SEEFEFELTFEH ISR R IFEAIREET AT RS
- -~ - -~ -~ - e e -~ -~ -~ - - -~ -~
22 22 22 22 22 2 I B 2 A 2 A & &

<
<
<
<
<
<
<
<
<
<
<
<
<
<
<
<



o]
V22> S AL Sqol A hehd S e

V-23> 78K 18e oA 2= o] T2l iRt

3
—24> Y EAL FioA et ‘per o 8 Thedt

TS TFE: T4 oevereeeeemsiniii s 120

V20> SAAF Sdol A Uehd ol| A7} o EL
AR o] thdF FE A FEIE e 121
21> ol BAZF O & BAIAe] 0jg T 4-Ell - 121

p ol EeAo tE W AN

4
Ak A el d@ T A B e 126

V-25> oA o 8 hee AWy AR Rl digt

[ - OO 127
V-26> FetA o2 8 Jheg Ay A Ui g
e Ty OSSO 130

07> A=Al Sqlel A UEht EASNA B4 22U

o EAT A ] HF T AAE EE 131
V-28> A E A 2 THE ¥ D AAA

TIBE TFE: 1-F2 oeveveeeerminiii s 133
V-29> ZAHE A 2 e €A D AAA

TS TFE D 2-TEG woeverereereremresesisiisii s 135
V-30> stA T} WAL G284 Z1 A 7] H| DL ceeeeeeeeeeeneneens 136

V-31> g =nAl ol yed EAlsf2e fls o2

AL AL AN I T AAE BE 137

V-32> ZA S A oA9A A= Ale AJDA ol gt

V-33> ZAAS Al oA9A A= Ale AJAA ol gt

TR 3-El

V34> BEmal Selol A UEh ole] filHow the

ofolrjol & oA AR =A]el g 7’ AFA]



V-35> Holo] 4eH o thE ofoltiolx o AX Ao

T B TFE D Q-] coevereeeerermressniisii s 142

V-36> = aAl 0 A tEht Role] satdow ¢

FELAAA Y UE TFH A EIE s 144

V-37> H9lo] Fstd oz thE ofolrjo]l 2 o AX =39

TS TFE: -4 oeverermeremesniii s 145

V38> BEaAl Selol A UEhY et m@e o)

= Aol Ee Ao thdtk T ZAIE EE e 146

V-39> #31H EAS o€ i o] FeAd g

2,E9 .......................................................................................... 147
V-40> F 794 AreEl o] ARS A gl HliEel HjE - 151
V-41> FefH oz £8 7hse Ay W] ok 3

OFAT oucususurossruasestiosorstusssususssatussrsasosstasassnusssasasssstassssstosenssasstasasss 153
V-42> FAEE A 2 FHS ogA xdT AIA

T BF TFH CEAF cer 162

b 1
- xii - "':l"_i —— T H ¢



(1%
(1%
(1%

(1%

[+
[+
[
[
[+

(1%

O-1] ghs52] Abslo]#2] 224 (Wenger, 1998, p. 23) - 25
o-2] ofet AAste] o]F74d (Wenger, 1998, p. 105) 26
M-3] 31414 $45e] st (Cobb & Yackel, 1906, p. 181) - 30
O-4] =3tke] oAl 7hA SHALol o] wA EE(Gill &
Boote, 2012, P. 20) wewesmersossssssssssmssssssssssssimasssssisssssssssmasssss 33
0-5] 58 AARFZ o5 93 AdA E e, 35
M-1] A7FEEZS] WSAA L} E7FAI T e 40
M-2] A7tEe Fetusapgols 484 E(MOE, 2012, pld) - 43

M-3] 2007d GCE-O <+ A3 #3Kaur, Har & Kapur, 2009) 46

M-4] 20149 GCE-A 7 3D (3193, g9 2016, p. 300) 47
M-5] 20149 GCE-A 7 &) (Fxled, B, 2016, p2%) 47
M-6] 2009 74 38t3 wH3A o “ws - g5 Wy 9
F O AV (35 9 8H o] A, 2011, pp. 171-172) wovero 50
M-7] 8=+t 3(Alaat, o34, a7, 39, olA4, 2011,
p. 63) ............................................................................................ 51
M-8] sska} 3(Alat, o] dd, Fally, 3%, oA, 2011,
p67) ............................................................................................ 52
M-9] <strst 3(Alat, o3, e, &3, oA,
2011, p. 69) ................................................................................ 52
M-10] A7F¥22 TS5t 28hd 4834 (Yeo, Seng,
Yee, ChOW, Meng et al, 2015, p76) ................................ 53
M-11]1 A7FE2 TS5t 2803 =834 (Yeo, Seng,
Yee, ChOW, Meng et al, 2015, p. 82) ................................ 54
M-12] A7FE22 TS5t 2803 4834 (Yeo, Seng,
Yee, ChOW, Meng et al, 2015, p. 88) ................................ 54

3 o i )
~ xiii - MM 21l €



M-13] 47tx2 S5t 3std(A) 34 (Yeo, Seng,
Yee, ChOW, Hong et al, 2015, p. 106) ............................... 58
M-14] g8t 1 (o]FE 9, 2012, , p. 229) wrvererereeerees: 59
M-15] 47tx2 sstal 25hd stal3A (Yeo, Seng,
Yee, ChOW, Meng et al., 2015, p. 208) ............................ 60
m-16] 201570174 <3} w5334 (55 2015, p. 35) - 61
V-1] 3Ft A WAL A2l F8FR Al v 79
V-2] 7kE2e] WAE 19 Thkek 4¥ 3 (MOE, 2015) 74
V-3] AZZEE fE WA} GREFILA]L e, 76
IV-4] AT HFH T A 2] e, 80
IV-5] o] I AT F2A] TFA i {9
V1] BHAIZ 0] 47]9] O] o 104
V-9] HTFO] QIZEIZ O] wrrrrrrrrssmnrisinsssisssssssssssssssssssss s 104
V-3] 2%(3)9] 22 EF Zo|(F 7| TEA]) wreererererrenerenneinieen, 107
V-4] Q1559 #edst T Al Fo] e 109
V-5] BE ] Q1GEE] T oo, 111
V-6] F A2 A Z T}E F o] rrrremrmnimniininiii 111
V=T] R FA croerrsersssersssorsssrunssrussorussorusssssssssssssssssssssassase 116
V-8] SZx|o]] 2L 5% BFA] o] e 116
V=0] BFAY O] errrrrrrrrnrrrmnteniiiei 120
V=10] BHAI coovsvssnsunsnsussnsissssisssssssssssssssssssusussusussusunsusussusussosussosunse 120
Vfll] _’_}:ﬁjq,x.ﬂ .......................................................................... 126
V=12] TAFL] TEA] coorervererserensorenssrensssessasessssessassssassssassssasssasense 126
V-131 S §ol AE2 FE] 9 w3 129
V-14] A4 o) FAlo] t@ YT Fo] 130
V-15] 5 FA 9 TAFL] TFA] e, 132
V-16] SHA1 2] FE o]} ALY G oo 135
V-17] AzFa o] g2 tal WAFQ] TFA] coevevernreenienn. 138



(28 V-18] &<

[Z¥ V-19] RHS &<
(28 V-20] ¢ A
(29 V-21] ¢ #A

A o

Q] T B e, 139
z7l0] §1ee ABEty] A% WAk BA 142
g; go] ...................................................... 145
(LTI =) s 147

- XV -

M2 dkw



1. 979 984

oA e vHa AF= TIMSS HYL A9t Learners
Perspective Study(LPS)7} tE & o]t} TIMSS H|tJL A= 19954
Al A 3AF k- e AFHAE Folwst =Al vl A(TIMSS,
(Trends in International Mathematics and Science Study)eolA gk=r, A
ZVEE dE T Folrlol A E0] AR F& AHE HolHA
(Beaton, Mullis, Martin, Gonzalez, Kelly & Smith, 1996), 4+ &3] 7]
= THOE Ao F - #3 wFo FAE Mwstr] fste] 3
Ak 19913 Wl F oA dxd A WA TIMSS National Research
Coordinators(NRC) &l 9ldX = 54, 7=, 718 59 ZAE 4743t
ATk dES AL Folrol AAE AFdH A= /UMY FoeE H
oh, TIMSS 1995 A= A7 A3l & F4 old 2L Eisirt
(Leung, 2011). TIMSS H]H e A5% TIMSS 19959 o= X3t g-A)
o] &4 AHAHNE Aot A& FAEHAL, g }
g Wl T2l sty mAoA e TFEX gk Ao dadS vt
2 FH 3ok
TIMSS 1995 HlHe A4 TIMSS 199591 st veh F, v,
5d, dES o ® slew, 7z vete 8%hd 8 s T35
t}(Stigler, Gonzales, Kawanaka, Knoll, & Serrano, 1999)1. =¥ <]
< 2 99E BAEAT St sl APeA He Fohe AdAo] ]
FTHAA AL FARJMAZE ZHEHA L, FHo] dHAd AA =4 0]
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1) TIMSS 1995°] Fofst &b 91 FEolAM doH ohel-FEe FES Y v eEs 295
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o S, 171 S #AEoete FEAQd 5ol FAAJA FAE AT
(Hiebert, Stigler, & Manaster, 1999).
Zb vpekel aare tigh EshA el oig A4 Ay, diE Y

Aokt

[e=]
L

Sela 25 Apole] 4E
pZS

S &Rt EAE B 58 W82 Wlefst
Aepal Aoy, o] v 5o oAM= WA Felgs &
Arste] AAel A Hdus AFdes oz slEdoherAn,
2007). Zb =7 Wl aAbE /\}O]oﬂ AAR7E ZASH7 = AR 7))

S #EsE 5A-o] 9 gkt
TIMSS 1999 H]T] 9 ¢+ TIMSS 1995 H|T] & AT+E st &
T, dE vdd= 29 wa TE 8gd S

1o by

AT2 5, A,
THS 7lssta  dluskdth(Hiebert, Gallimore, Garnier, Givvin,
Hollingsworth, & Jacobs et al., 2003)2). TIMSS 1999 v|t] e A4+ 7t
Gere] Apdoln s @ wAe usbE 34T 5 =D us
age] 44T FH AEE ARHuA Svh =T b £ 5
7 (signature) ¥ nl<¢ ¥ag Blalskal, Zb yehollA s E= wE B3
o] HY S HAFShE A HHo gl

58], TIMSS 1995, 1999 HlH @ 7ol = 7taxs 48 w84 &
Fom Feka, AFe) We FRo wEAow Jew ol A E
o golstrA dojib Ao weth %, 7 vete] £ B4o] =
ARth mgror, soe) 54e 59 F4 Tx2E AFe Al A
A A, 5 g5 54, wd FeHge] 3%, W& &s(content

activities)?¥9] A& & ste] A = I tH(Hiebert, Gallimore, Garnier,

Givvin, Hollingsworth, & Jacobs et al, 2003).
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g gl i =4 Jﬂaoﬂ ek EAo] o] FojAH, 3t 2=

H E (Stigler & Hiebert, 1999), ¢ 5 (Hiebert et al., 2003)3} #-<
ol &4 JMdel Z+ vt 4 Oﬂ/ﬂ gE A AEetr] s =9
ol wAZE ks Ak wo] g vt wAbEo] TRk Y
o] glew, o] wHe F3t 2AHEHL WY ol lde]
StusS dolA wso wgk =A G2 FRIfIEHA A e E ARt
w3t ~2aHESs A Ay #dste ods] 8% Aol ol
AQTh DAL AR EASE AOR Mok B3 AaAYEL W
AbE Abolol A o= AL FA WA, ol AR WstE=Th 34 Aol

o\t

171 18l A, 2+ =7ke ¢ & X
WAL T 102HA] o]
T W&ol oEsiH, A&
of flAgt=Aol wet wALZE A
, LPSE 1004 9] wAFRRE 1A% F
TIMSS H|t]Q A= =49 AAE 2
K reh(Clark et al.,, 2007).
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A 712 13 b ( *~}§r
FUo 27 1-2 | FHO R 12 +& T
H1 =% H2 ¢
GCEO % A[E
5534 g 5 5 Additional =%
Additional =% < (N(A)-level)
(0-FF) A A
A GCEN+Z A¥
EJ-#%;)- < 551458 < 51458
(N(A)-FE) (NM-+F)
EE8 D 27t A-(Primary School Leaving Examination, PSLE)
£ 5-6 Yt 28 EE 56 7|% 28
zE 1458
(28 M-1] A7IE29 WA A 27pA &
2UAY @ 5 A3, 2 F el 6 F Fzewm girol 5689
AU el ARk ZEFL F YA FE @k O-level,
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N(A)-levele] SHBE & 53 A2 5 o2 O-levelS WS +
ATEID  O-levels ©]538 sHAIE2 GCE O(General Certificate of
Education Ordinary)52 A2 X231
3 Ao wel dare] Gl wH =
A-th & (pre—university) A& 23 #HAHe Fyo Z
college)t} 3 A9 A3}8kul(centralized institute), 31 %ot 7|& &
ofo] A% 9T uWHS ATt 7lE AL stul(polytechnic), & 24

e 714 S Y(Institute of Technical Education, ITE)o] % &}alt}.
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-t d 2 A 7P 2 ds=d, H1 342 ddoly Abslger 532
& dest7] 93 eSS 9l Aes= AAeIH, H2 AL 589
U el Fes dEEty] e A, H3 AL ks AFsivE g
Anj
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9 €I THMOE, 2012).

A7bEE A9 NS 2147 AWS 9% wFog Fotago
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11) 1389 Additional Mathematicst= O-levlez} N(A)-level®} vl ato] thed ] Hojx zpo]7} 9l
t}. O-level® N(A)-levelol A9 thd €S Number and Algebra, Geometry and Measurement,
Statistics and Probability 370¢]™, Addinitionl Mathematics®] ™% Algebra, Geometry
and Trigonometry, Calculus® &9t}
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(i) poh 17} BF 2l A$
(i) p7h &Fel t7h ddl A%
) 54 29le| FRab 102 of ol delERAA 7t Agke] A(mAY AT AHH(PEE)L ol
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m | 1 [ B8 [ 3% | 0|8 [ & [ 68 %
P | 1280 | 102600 | 76500 | 72000 | 72000 | 69000 | 650 | 500D | S0600 | 4760

m/ ¥ kel 714 4 P=am+b P=clom+d 3 2 2 5 AN, o, b, ¢, dE 49,
(i) W) m3 P Aol 221 B) lnm3 P Alole] FHESN & 212 25 ddselrs) 488 7
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(i) BAFASA G o] 43le] 07U AE5 AFAe] ZHAE FHEei)

(2% M-4] 20149 GCE-A % #3110 (x4, g3 2016, p. 300)
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(i) f(x)2) ol8AANE 2587 FoL 1 AFE 71484 E ehfole
(i) sin (z/3)¢) 122U FooA HE 00] ofd 471 &S Fau, 1 AGE 7GR Yehlo
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[298 M-5] 2014¥ GCE-A &+ &&dD) (434, g9, 2016, p.296)
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Chs Als 2l=slisioiat,

(1) 2 —32+2 2 x*—2x—8

o 20l (1)Fo] 29 ¥ AS FoIM Pol =30l He = TESpaieme | &
= —13} —20]t}, . % 3
wEpa] o7l 41 JeEasid ~1, —2 —3

2—3zx+2=(x—1)(x—2)

@0l =8¢ & A oM ol —27t He [ Fol-sA AT #

$ 20} — 40|t} 1, —8 —7
upEpA] S0 AL ¢lpEshH 2 =4 Tk
r—2x—8=(x+2)(x—4) :; i Z

ge ) (r—1)(x—2) @ (x+2)(x—4)

[719 M-8] F8krsh 3(A&st, o34, &84, &3, ol#4, 2011, p67)

CrE Al Mc e S L =T

(1) 2x*+7x+3 (2)32°—10x—8

® 20| (1) Fo|F A2 A=F3 34 [4]0014
=2, ad+bc=17, bd=3 et
: 7@—%015& oI LRI 48 ===
223} 7o) Zho} ¢lHal5lH
22+ 7x+3= (Jc+3)(2x+1)
(2) Fo1 7 A2 A=Eaf T4 [4]0)4]
ac=3, ad +bc=—10, bd=—8
9 ARolER olF WEAFIE AeE
2z} 7ro| Fo} R afistd
32" —10x—8=(x—4)(3x+2)

1. ,—4— —12

>
37 2— 2
—10

ge (1) (x+3)(2z+1) @ (x—4)(3z+2)

[29 M-9] Fshesh 3(A&E, o3, Feld, w3, o1#<, 2011, p. 69)
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Example: 252 - 3x + 1 - (x* - 2x - 3)
<[@26680 ’”@“W”éﬂ%) 9 @
660004 »©2 @@ééw@w@@i®
@800
Zero pairs

(2x*-3x+ 1) - (x* -

2=3)—»2x2-3x+ 1 -+ 2x+3> 22 -2 -3x+2x+1+3 —px*-x+4

Therefore, 222 — 3x + 1[— (2 — 2x — 3)|]= 20> = 3x + 1 — * + 2x + 3 (simplify to get negative of expression)

=2x*—x"=3x+ 2x+ 1 + 3 (group like terms)
=x-x+4.

9 WA=

[1¥ M-10] 47F22 T5ctul 2hd S5t

Meng et al., 2015, p.76)

Algedisc% 483k Ao ALS A 3

¥4 (Yeo, Seng, Yee, Chow,

AR
o = —xQ,—x,—lo] 71E 5ol Qth o] Ft=FE o] &3ste], 2o AES
st AFEEE 9 o] (@P—22-3)9 ZE wro] 57 AdE AS
g3t AlgediscE AR 2AS AElste] A S ALtk Aot

theha el F3 JAFENE FFste AT o3 FAxES I
F&aA AFgET tg3e Algediscot 23S F&eE FAHEe A
H owgA Wgolth A7EE wsdAdA = thEA e HIle ¢
e A FgFaty] wWiEel o] FARE F F AFEE HAHAA FE
o] EFE wF F8% 9IS g
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Example: (x + 2)(x + 3)
First, we multiply each disc in x + 3 by x.
Next, we multiply each disc inx + 3 by 2.

x+ 3

x | ODD v | = 3

o ‘\
Therefore, (x+2)(x+ 3) = x(x + 3) + 2(x + 3)
U =x2+3x+2x+ 6

=x2+5x+ 6.

(19 MM-11] A7E22 58 28d 4738t A (Yeo, Seng, Yee, Chow,
Meng et al., 2015, p. 82)

Since factorisation is the reverse of expansion, when we factorise a quadratic
expression, we will obtain two linear factors. Hence,

X+5x+6=x*+3x+2x+6
=x(x+ 3)+2(x+ 3)
=(x+ 2)x+ 3).

Algebra discs can also be used to factorise quadratic expressions. To factorise
x* + 5x + 6, we first form a rectangular array with the @ disc at the top-left
region and the six (1) discs at the bottom-right region.

x

@@@

Next, we put in the five (X) discs to form the rectangle.

x

Thus we have:

DRE@®

DDOOD
O I@OOD

Hence, the two linear factors are x + 2 and x + 3.

Notice that in this case, the constant term 6 is factorised into 2 x 3 and
the five (&) discs (5x) are divided into two groups (2x and 3x) to complete
the rectangle.

(1% M-12] 4722 F53ta 28hd 484 (Yeo, Seng, Yee, Chow,
Meng et al., 2015, p. 88)
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¥4 (Yeo, Seng, Yee, Chow,

Meng et al., 2015, p. 208)
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k, where k is a constant.
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e the ratios of the corresponding sides are equal,

Two figures are similar if they have exactly the same shape but not

necessarily the same size.
e all the corresponding angles are equal,
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H TAE Ao, Aminte 23S “All angles on the straight line”©|
g Ty, wAFE 2 Adye] wEl "all £s a str. line”ol g3l 7] E35HH
AN oglel @t AT
<E V-25> FRHOR 8 Jhed Awy A el i i 1-E4
e 1A Aol @A ohdA dAstele
o9 2= 4 etael Folo| g wabe] At
3 7 479 ABEASE ADECTH #5902 sWsteln
s e 4
317 | Amin All angles on the straight line
318 | T Angles, All angles on the straight line. A
319 All angles on the straight line.
320 So, Amin, I have a straight line. A& adch
321 One angle on this straight line. Ztas 219U}
322 Two angles on this straight line. ZthE 29
323 Another angle on this straight line. ZteE 1T
324 Another angle on this straight line. Z+dE 29
325 | Amin at a point
326 | T All angles at a point.
327 How do you say?
328 | Ss Adjacent
90 | 1 It is actually called adjacent angles on a
straight line.
330 So why is it adjacent?
331 Because, they are all side by side.
439 You see? Can you see? Right? And its on a
straight line.
333 It is important.
334 This word is important.
995 You just say angles of straight line, angles of
straight line.
336 You must say adjacent on a straight line.
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Jela o] BAIE T stAe] Aol T o] sjAskgth,

[29 V-14] A4 S Aol 3t 59| Fo

200% gdisfof vt 2ES LEE ol
15098 Sojsior @rhs AR WA F Fold: FHHA =A%
6. “

AAE ] QA e wWAE BARZ|Y o @ WEE “magic

number”2} F-27, stAF o] Fofel| thga o] AWe HFIT

<E V-26> #HOE £8 b Aun 4y Pyel B W 6-E7

F9 6244 FE QAL S Agatel LA At

o

AT AE 70 A Aol ANE A4S EA D]

FA AdEA S ASEA R Foisty] flaAM HA7|Ol Eelof st Ak AL

skt w3} R

420 T When you make up and find out, tell me one-day what is

the magic number.
481 But the thing is you can explain why it is the magic

number.
482 You explain why it is the magic number

()

A5 Why is it that using 200% I will not be able to make the

A4 size into the A3 size.
e 49 Azkel Ak WA @e wAY oa=gs] W, s

=
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A Qusetion 1

E (1) Filjld two congruent /7 Fi@'ﬁv"rg’_;}* ( Yo E% 8
= triangles § )
(2) Find ZBED 58 tomid)

(3) Find 2ACB

B c D

(2% V-15] 90 A9 wate] A

PEiAe 28%3 o] 7 BEDE #7] st wAE &tk of
W, St Amin& AZE 2 7180 —90 —37 "E TlAlste] o 1teEA
90 —37 "E AE H3i= glo] obdA Bk thi wEhs o] shAle o
g aate] Aol

<E V-28> wAsd A R SEE %A 2l 2RI dig g 1-E2

FH 1A FEQ T A4S wdsy]
oM AT 20 SAS S 8314 FEU AHE 3
=

A £BED ] A7 & Zrobel

spA} st q5
175 T Find your BED
176 S equals to
177 TG 180-90-37
178 T What is your reason?

191 T Now let’s talk about what Amin has said.

192 Okay, firstly is this thing about proving?

193 What is the property that we are making use of?

194 I know Amin is saying that it's also okay to write
180-90, 180-90 is 90.

195 So why not show write like this?

196 S We have to show that it is angle sum of triangle

197 (Laughing)

198 T Right, she is right.

199 You have to show because if you are asked to why 90
degrees minus 377

200 Why 90 degrees?

201 Why you cannot explain?
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202

---but you see

203 I am showing you that I am making use of this property.

204 What property is that?

205 What property of the triangles is that?

206 The angle sum.

207 You see it's a kind of sum.

208 What kind of sum are we talking about?

209 It's the angle sum.

210 Please don't come and tell me in future.
Anyone of you here who writes there a son as the sum

011 is 180 degree of triangles, angles whatever-:+ or all any
other of them, I will mark you wrong, because I only
accept this “angle sum of a triangle”

(-4

996 Do you know what’s the purpose of writing a bracket
and then the reason?

227 Ss Explain.

228 T Explain, very good,

229 Explain what?

230 Explain what you are doing now.

231 So, the thing is: are you explaining how to get 53?

232 Ss No.

233 T No. I got 53 by subtracting.

93 But how and why is it that you want to take this and
minus this minus this?

235 Are you explaining?

236 Ss Yes.

237 T This is your explanation.

238 Do not any how put your reason anywhere you would like.
Because sometime like you do do do do a ya you just

239 said you must write reasons and forgot to write reasons,
and go anywhere and find a spot to write reasons.

240 You cannot do that your reasons (as what where you
explain)

241 Actually explain.

242 This explains why you are doing this.

243 You see, just like here.

244 How about you've got here.

25 Because youre explaining how come you know AB is
equals to BD.

246 Agree?

047 So your bracket where your position of bracket is important

because that gives you the reason why you know that?
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2ol A mAlE EE 9 qke] e AL A A AT Ao

5, Aol dele] sbe molx ¢
of sAtel ols) “oro 4 AHAHAC

o

FEL “Since”gtal A3 U,

<E V29> Al A A B SEe o9 £AD AJA Al tE i 2-E6

742 ged § A4Ee sde]
Ao~ 6 SHAe] EolE WAL AEal]

FA: 5 474 AYQIS ASNAZE ®e9E Sdsela.

32k G qs
233 T Rest of you, any comment?
, st shAe] zhg
234 Don’t go yet, stand out here. R ——
235 Any comments?
236 She could inside? You think you could inside?
Since these are equal and these are equal.
237 : . Y 9 hgan,
Okay? SA NA
238 T That’s one way you can improve.
939 Then that you mean of talk about angle and
two sides, right?
hedl Wi el
Or if not, don't say “since”. “Since” means _ - - _
240 sao] Ay @
what is based of this reason. e o
since’E A&t}
241 So all this about are all your reason. o] 2ol “Since”
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g 2o,

242 Angles are equal because it is given. givene 2t}

243 Sorry.

244 I jump up. Now you did.

245 I forgot to say something.
When you write down all your ratios, right? )

246 v ) givene 2t}
You say given.

247 Because of this two lines.

248 Therefore this two ratios are equal. "=2"g A},

This is in your S and your S. And you have 7kl ol

il

your A. 2}

250 Therefore, triangle YQJ is similar to SNA.

251 And the test should be SAS test.

Aol drel FHAFES A WA= XIAAN SASHS =1 A
st7] 913 2HES BT AgstA ATt 28y e EFoldl+=
o2 o] WANA Z|tHE = ST 27| AgstA AAdE A= F %
W oz wolth 91 HakE AFE stol d4el Tyt +38 FY
S HERHY ofefel 2Tk 225 WM FH = WAkl o #AE RS
e
<E V-30> ST mabel oA Fw 7] W

styel =4 Aol olel £AE 513
4Y]Q = ASAN (given) Since 4YJQ = £S5AN (given)
Y] 4 Y] 4 )
S_A_E_z g—E—Z(gwen)
Q] 2 Qo] 2 .
m=1=2 2 =2=2 (given)
Y Y
Since —}:Q—: ; Y] Qy
SA NA 2 SA NA
AY Q] is similar to ASNA (SAS test) AY Q] is similar to ASNA (SAS test)

ANtz EANE 48 YehlE 7158 dgeix geth)

aARe] sk 240241 7 249U & F3 “Since”k “..7e] Gl gt
of #4 A, 3} 24203 246W - S FoIx WAE A

=
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b
(19 V-17] A2 o] ghgoll tigh aAbe] A
<3 V-32> Al A S fEl YA dEgS Al AJAA digk 9 2-E2
T 224 B39 T AAEE FHE
I AT 2 AARS ZAOE F A7FEo] 2SS 29l
Al F 4H2d AABCSE APRQ7F 9899 F@steld
shA} s} 3y
193 Firstly, we roughly have an idea that I remembered
before about testing.
124 Rough idea, What test are you to use?
125 | TG AA
126 | T So, we decided,
a9 ol AAE
127 I want to use AA test. "
==
128 So, I must to try a pair of A, angles.
()
141 So can you see this is how we identify?
143 Many of you just say..
144 What do I write?
145 How would you know what you write?
()
148 Because we do all this questioning up here ourselves.
149 We ask ourselves and answer but we did not show
you how we asked ourselves.
150 We just write the answer.
151 Do you agree with me or not?
But now, when I ask you, I am teaching you. How
152 will you now ask yourself, when you are given a
question. Okay?
()
185 Were I always right?
186 Will you be always right? No, right.
187 So what if you are wrong later.
188 You start to think.
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189 Do you see? Remember I told you about problem

solving.

190 Many of you find that you cannot.

191 Remember I told you about problem solving.

192 Problem solving is to read the question, understand

the question and what to do.

193 Then you try our strategies.

194 If it doesn’t work, then how?

195 Do again.

9l TS AalA AEslor & @ 21E Aok 123HT127H e
st WS S8l “AX ofloldolE AATS HEE vk 1¥]a 148
HT149H st} 1629 @b SHste AAoA] #dgle] A7) ALl
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F9e st Ads wd gl Aolth A ven 187W7195% e
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[29 V-19] RHS 2 Z7o] glos AXar] gk wAb
ZHA
<E V-35> Folo] FHom g ofoldolr AR A t@ i 2-El
el 2] SR A4S S
A= I 9% 2P0 RHS 30| A A7s 27
I} A: X”“ Nl H43 4= 9le RHS &2 7ol l871?
spA} st q5
16 Do you have this test?
17 Ss No!
18 T How come you don’t know?
19 How is there RHS?
20 Why not?
21 Can we use RHS to prove the triangles are similar?
22 S No.
23 T Think about this.
24 Why are these 4 tests to prove similar? Why no | &+ 274 4#43d&
RHS test? LT
()
54 S Teacher Can
55 T Can Who?
56 S RHS.
57 T Why you RHS™ T Ao W 4}
58 S There are similar. o} Zol& FA] 3}
()
63 S If you flip it, then the corresponding ratio is the
same,
() h/hy =1/2=18,/8,
E &
80 So, what does Pythagorean tell you?
81 TG A square plus B square is equal to C square.
82 T So if I try to test, these are right angle triangles.
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83 I give you these two sides.

84 What did I give you indirect?
85 That side too, alright? Do you agree with me?

86 This similarity over here is this side also given to you.
87 So even if you say that the reason is RHS test.
Why isn't there so far RHS test?

88 What do you think?
89 Because before man use RHS test, use what?

90 The Pythagorean theorem, and then they can get

that side.

91 And then after that we can have all three sides

already to use what?

92 Use SSS, and use SAS.

93 Do you agree with me? Can you see? OK?

94 That's why the reason this test we don't adopt RHS.

95 But when right angle triangles are given to you, a

lot of information is already given to you.

96 Easy or not? Because Pythagorean theorem.

o] FWE 9 F @ o] RHS ®g 2ol sbesitis F4¢
SA AWA e ¢ 9E A4Ee A b sgxan 4214
Zele) ge 274 RHS Aol o] 4814 ofoltjole] Holg Ay,

wAke]l #AE SH4o] RHS we 270 @ Agsed =ge
o %, SAe wAbe] BAE Mo w el A AYe A
oAaA . 63N TE AAHE e el e A7447ol
W, dgale wel W7t 2ee SAZ RHS 58 2o] Mg 4
71 sl wAb: Sl MEe 91 Ths 2ol h/h=1/2=5/5,"F
2ol AA4alwA el AW A AA Fh ololAE wa 80
vgowlel @ahi RHS #¢ 2402 shvld] o Azrgel gz
3 oofd Helq FetHor tEAe e AW % wAH Qe
& 5 ol
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T 1A e T AAEE Bl
T AT 4 A o] Al EolE AW
FAl: F 4438 AAEBSE ADECYE $H5dS $93t9E).
B st 3y
307 T You told yourself you did a lot of calculation
right?
308 So in other word, you don’t say given.
309 You did calculation on yourself.
()
314 This thing is equal to what? 7z} BEA7ZFe]Z1 Tk
315 180 degrees minus 80 degrees minus 50 degrees, | 24t CEDel 7h&t]
is it angles sum of triangles? =& A3 AAG
()
350 Can she do that?
351 Yes or no?
352 S Yeah
353 T Yes.
354 She can work.
()
359 T But just that she has too a lot of calculation
rather based on given information.
360 In fact, this question tells that I think you
consider over given. A lot of calculus.




o

—
o

TR

¢+

el
o

Bgol A mAle] Aol ofn

-
R

ol

o
o

el

HH

o

—

X
o}
o

™
KK
%

o

el

v 84 2 ¥

B

B
)

ok

@ Fuem

SAlol f

==

fio

o]

hSS

)

oA 2

el

B

)

—
file)

Jmo

—_—

Abe] s} 1240l @ we) o

2l

oA o] stel YEbsth

WAF el e

V-38> #=
Aol L

<#

=

AN

3|
“

L5t

KN
=

=l —

oy

e

<

o

—_

)A

M |

1)

™

o)

il

I

—_ | .‘l

=

No
ol
Mo
o
K

Eal Bl

=Y

N

o B

iy

oo E
i

cgdis
B 7o)
sl
oT
=

WA

B ol

sfolul, obd] 1Y WALS WAE

=25
=

ol Ay

aF Atk

g 9l 2ol wAE

23

o Al

S5

- 146 -



(29 V-21] 5 3 @ wAe] 2]

<E V-39> oA HAS oAl 2t o] FeAdl ulE iH: 2-R
T 22k w2l F ATEE FYE]
N AE 9 ZEY] EFoA Bl AAES 2
A F A48 APQRe APMES] #E591S ZH3e7]
s}A} w3} q5
351 | T Triangle PQR is similar to -
352 | S PMN. (T: PMN)
353 | T Looking at this statement. o] v =
354 Do you have any comment?
355 All of you look at this, and comments.
356 Is it wrong? No.
357 Similar is not wrong. But this statement.
38 | S Never follow this format.
359 | T What do you mean never follow this format?
360 If they say, If you write proof, all of rest of
you are.
361 When you write a proof, you're talking about
this triangle PMN.
362 You can refer the left hand side this one.
363 So your readers were reading looking reading Oy TYe Wy
and looking reading over here. o Aert
364 And then reading PQR they are look ah hut?
365 So, you'll try to the keep the same by what
format is structured.
366 So alright, PQR, you will say what?
367 | S PMN.
368 | T PMN and what.
369 | S PQR.
; o )
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communication refers to the ability to use mathematical language to express
mathematical ideas and arguments precisely, concisely and logically. It
helps students develop their understanding of mathematics and sharpen their
mathematical thinking (MOE, 2013, p15). ({7 A= Zz37] A& Az
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lessons. (++-) I believe the emphasis on the use of mathematical

characteristic shared among mathematics teachers in Singapore.

language, including to speak and write rigorous terminology in my
language is not just an ungiue feature in my classroom, but it is a

The difference is probably the degree of emphasis.
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2] = A} Conceptually, the two proofs are the same, that is, both make use
of ASA Test. However, in Singapore, we require students to write
the reason for each statement why two angles/sides are equal.
Thus, if a student were to write his/her solution like Figure 2(3F=
o] WIAME 2Ju|d) he/she will generally be penalised.
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H gzHe £9e 2AHGoM FodeAE Bt A AR
the3t 2ol A7 st

gl= Ak Though both  “writing  mathematically” and  “speaking

mathematically” are equally important, it is inevitable that the

former is more emphasized than the latter in my lessons as it is

the written form that we are able to ascertain that students have

learnt the necessarily mathematical terminology and language.
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through a

skills

and metacognitive
mathematical approach to problem solving; and (MOE, 2012, p.7)(%

cognitive

The broad aims of mathematics education in Singapore are to enable
development

students to:

%ﬂ@%% ﬂ@%%?z% N R R %oﬁw
]_ﬂn_ .O_ - E_ﬁl
N T oo Mmoo LA M
ZT‘WUTQJZ‘@H KO ﬂﬂ,&ﬂﬂl‘ n_.oﬂl o# N.ldﬂ
Gy = Do & 7 oo w R/ ERRY
ﬁaﬂmﬂi% of m B o — " & ﬂuﬂuT 4r n) B
%ﬁ@riﬁm ﬂﬂﬂﬁﬂwaﬁ_s T TR WON
n <Al A%Qaﬂgffﬂ.aﬁmmi - RO
Pomow — 1 oS % - % © < S 2 3
mmO ~ )AL o ‘Ur o) ,Iyl To = %T - N F Eo OE
pTezE GtawgaeT RS Haw g
ﬂ%ﬂlﬂ%% mﬂ%ﬁﬂﬁﬁaﬂ @,Wﬂ%ﬂ W o
<~ o8 By noowr BN S o M T Az A
m ﬂ Be X i.._ HAJ; Ot ﬂ 53 f —i _ X L 2y 1@: (Y
CaEk=E flgERLFsRIERTE ¢
R molﬂzﬁ%w#ﬂ%ﬂﬂ B R
I S G oin_rm,_]aﬁﬂo_/ Bode —
aowu_MAﬂx %du.ﬂoﬂ?ﬁmm%ﬂuﬂuﬂﬁm Am
T N o — — o Tor WX
%lﬂ%_gmum_lch Hﬁoizﬂﬁazo%‘mvmﬁvmﬂ 0
S e I
no 2 Wur@ﬁlﬂ_soﬁl,,]m} X
oy M o om R O AN 3 so 7 w o A T o
< 0 o o o — = a W <
N ot NI I T B
ﬂ,moADﬂNH:i; Eﬂjl]ﬂz*o,m_l EEL7 ;Jmo\/.‘._,mo‘w
o d D I as e 83T 22w
o R o T oo oo 2PN ool o ] o
DB Py B ®ATE N e W
ﬂﬂoﬂeﬂzu_u..%aﬁﬂﬁﬁﬂ%%ﬁoE FEET
el ooy — T o T
%Aﬂkegﬁ%EATMﬂ#%mﬁ%w/riiﬂ/K\m.ﬂ
AR E e X N T TN
X W W oE 9 o o = AR WP - s @ T
R T BTN o &
NE%AI%EWNAT@,@z,ﬁﬁ,,%ﬂ@ﬂﬂﬂ
e IR o oAR T WX WA RN 3

- 167 -



AFULE ololl FoslrE A L2 olgjgt 5Ao] A7lE=e]
A, L EE Goksh Base] el dgow ¥ 4 derter
2= A} Yes, the teaching of thinking skills, problem solving heuristics

and metacognition skills are often emphasized in my lessons, as

these are essential skills for mathematical problem solving.

One of the aims of mathematics education in Singapore, besides to
enable students to acquire and apply mathematical concepts and

skills, is also to enable students develop cognitive and

metacognitive skills through a mathematical approach to problem
solving.

Learning mathematics is more than just learning concepts and

skills. Equally important are the cognitive and metacognitive
process skills. These skills are learnt through carefully constructed
learning  experiences whereby students are provided with
opportunities to develop metacognitive awareness and strategies,
and know when and how to use the strategies. Students are also
often given the opportunities to discuss their solutions, to think
aloud and reflect on what they are doing, and to keep track of
their work processes and make changes when necessary. It is
important that students consolidate and deepen their learning
through reflecting on their learning. This is a good habit that must
be cultivated at this early learning stage.
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Abstract
A Case Study of Sociomathematical Norms Emerged

in Mathematics Classroom of Master Teacher in

Korea and of Lead Teacher in Singapore.

Cho, Hyungmi
Department of Mathematics Education

The Graduate School

Seoul National University

This study 1is a starting point to understand the cultural
characteristics of Korean mathematics classroom, and was carried
out by the necessity of urging the attention of Korean
mathematics classroom in comparative study of mathematics
classroom. As growing interest of Singapore education, which has
achieved excellent performance in Iinternational comparative
studies on academic achievement, the purpose of this study is to
analyze the characteristics of classroom culture in mathematics
classrooms in Korea and Singapore.

Especially, in order to interpret the cultural characteristics of
mathematics classrooms, we searched micro—classroom culture
focusing on Paul Cobb's sociomathematical norms which integrates
the viewpoint of constructivist and socio—cultural perspective.
Research on sociomathematical norms conducted by Cobb has

been focused on the reform of teaching methods in the classroom
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and the development of specific mathematical discussion in the
classroom with the help of the research team. In this classroom,
the teacher plays a role of mediating carefully so that these
discussions and conversations gradually become more resemblance
to more sophisticated mathematical aspects. In this study, while
sociomathematical norms is not considered only as a mathematical
culture that was achieved as a result of a teacher’s specific
intervention strategies, the meaning of sociomathematical norms is
expanded, including the teacher’s intervention in mathematical
discussion as norms supported by the teacher, and containing
thought and discussion patterns, metacognition, logical reasoning,
and heuristic for problem solving.

The sociomathematical norms can be emerged in the process of
creating meaning which teachers and students interpret about the
actions. In other words, social actions of individual are the
phenomenon that takes place when interpreting the meaning given
to the action of oneself and others rather than consistent
phenomenon to follow the certain rules. So, the meaning can be
different depending on how students are being interpreted in the
classroom in which they are using it.

However, seeing the phenomenon of the mathematics classroom
from an interpretive perspective or a micro-perspective, it 1S
possible that the social and historical contexts in which the
behavior and interaction of teachers and students take place, and
the external factors such as politics and economy which restrict
education are overlooked. The actions of students and teachers
and giving meaning to the actions are not made in the classroom
that is disconnected from the outside. It is narrowly influenced by

the structure and culture of the school, and is broadly influenced
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by the social, economic and cultural characteristics of the
community to which it belongs. In order to understand and explain
the educational phenomena, it 1S necessary to combine a micro
perspective that enables insight into the nature of
education-related behaviors and a macro perspective that focuses
on social structural characteristics that regulate individual
behavior.

In this study, mathematics classrooms of a master teacher in
Korea and a lead teacher of Singapore were selected as case of
both country. I analyzed sociomathematical norms which were
emerged in master teacher A’s classroom in Korea and in lead
teacher B’s classroom in Singapore from interpretive perspective,
focusing on the discourse, action, and their meaning.

The sociomathematical norms in the two exemplary teachers'
classrooms were identified in eight categories. Among the
sociomathematical norms of these eight categories, what have
been revealed through prior research were 'what is acceptable as
a mathematical explanation', 'what is mathematically different,
'what is easy and difficult', and 'what is effective'. However,
sociomathematical norms about 'how to use mathematical problem
solving strategies', 'what concepts accepted Iin mathematics
classrooms', and 'how to use mathematical expressions' are newly
discovered through this research.

The expanded concept allowed me to analyze the
sociomathematical norms of the lead teacher B's classroom in
Singapore, centered on the sophisticated descriptions of the
teacher. In the Singapore lead teacher's classroom, students are
more likely to listen and understand the teacher's explanations

and to have individual learning. Therefore, if 1 analyzed
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sociomathematical norms as teachers' mediating roles on
mathematical discussions, it would not be easy to reveal the
sociomathematical norms about the students' solutions and the
lead teacher's explanations. Especially, in relation to the
metacognition and the problem solving, the 'the norms for how to
set up a strategies for problem solving" in the mathematics
classroom of the Singapore lead teacher B comprised more than
40% of the whole sociomathematical norms. This norm appeared
variety aspects in many episodes in the classroom. Explaining and
asking herself loudly, the lead teacher's formed the norms.

This study attempted to interpret the relationship between the
micro—culture of the classroom and the institutional level outside
the school. The problem solving and metacognitive strategies
emphasized in the national curriculum of Singapore were analyzed
to have influenced the emergence of the sociomathematical norms
which are mainly found in the lead teacher’s classroom. In
addition, 'the norms about how to express the process of problem
solving and proof' presented different aspects in the way of
expression the strictness according to the format expected from
paper—pencil tests.

The Korean master teacher and the lead teacher in Singapore
who participated in this study are excellent teachers in each
country. These teachers' lessons show perspective on what are
the good mathematical teachings that are shared in each country,
through these lessons. So, I will be able to deduce the image of a
good teaching in each country. The Singapore lead teacher's
lessons were a mathematically rigorous and clear instructional
class, so this made students to use mathematical symbols and

terminologies in a logical, concise, and accurate manner. Also, she
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has taught students to monitor and control their thinking. On the
other hand, Korean master teacher has focused on
learner-centered classroom through group activities rather than
verbal lectures. Certain pedagogical practices of the master
teacher in Korea were concerned with prevalent private tutoring,
and educational philosophy of the teacher.

This study, which is a comparative analysis of one master
teacher's classroom in Korea and one lead teacher's classroom in
Singapore, enriches the insider point of view of Korean
mathematics classroom and also extend outsider perspective the
understanding of characteristics of mathematics classroom in each

country.
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