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2 Find the length of one edge of each cube.
L o) Velume = 125 cm?

1,
)
Method 1
x

x =125

Length of one edge = m

| Method 2
Length = Length x Length = Valume of o cube

Length of one edge = Y Volume

—
=125

Vie raad Y125 o5 the ube raot of 125,
Canyoufind y  on your calculator?

Use the colcuiator 1o find 775

(9 O-1] 72 473 arke] Akl
AR 2%9] &) (Collars et al.. 2018)

L
o
Hl
—‘Y‘—]‘
o>,
N
N
]
i
1o
—>|4—"
i

i)

=g Qo] gl A4Sl #Re 0I5 A @&
7Fo2 vasgln

] (2015 MR w5 A) ZA7FEE(2013 W& TA)
=9 AT [o ZG ot 3~4%hdE S S
(~43hd) A5l AR AR ol . a3
A | T ey e e e A e el s e
gl wet) L ) Cee meros g .+ (EF) s

[e]
o (G~63hd) A FA/ Al A

AXE A= 8171 gle] 3]
g |0 663D A9 Wol, Aol w3 FelAlle (63 &Sk 10, 100, 1000 5 F/Fx
P 54T AR AR 87 A& AR glo] &)
T;} (5~68hd) Fitah BRge] BF ARG e 63) B AHAAS AW 2 57
A s « (565h) MEES AW AN
Taer |t (3~43hdE) FAAA AN A FAHE| ; i .
AHS Al ;S]Afif = ﬂ)ﬂ% AR TR o) agane @4 7AE Az 27
« 63 AFE Bl dol/AB)e e
A7 2 %7
o (631D AW ARgele] AR AAF
< 2]

234



S 59 F A Abgel BE BEa YrkE2e) wg a

AR, F3t Fhell AN E EdstE A7I7E tEh @ 3~43hdTel A AR ARES A AE
3 A7hEEE 5 AR ARES AT d=at A7REE R 64 obso] Zdtal |
Shdel iskabr] mistell, d=ol AZPEERG 1~29 W] 8 ]fol AWVIE AHgStES .

A, F3 T ATIE S8SHA g Wl Aok vk @=re] A, 2009 Y w5
2SI = ARY] ARS8k wWEte] Mg EAjshA] efgte, 2015 A I 3~4
Shdiel A Adge] AR qke] AR E ofsisAY At VeE i Arels AWIE A
&otA Retes Ak gotacl e At §HE wdehs AE AQdsta Al AHE AFEn
A7FEES] Afols 2Estal 43hd7A] ANIE ARSEA Reha, 2t 53 o] Foll= A
Fob el FAl UscAlell s FEel A AR E ARgekA] FebA drh AlA e, S
A7) glel 109] Hlg=E Al wabAu Aol wEtAY wrelok gtk AVIE AbgalA] &
A ARLFRETE AR S22 AL FAVIE dllof ot AAG/ARTE AEFE w5 3l
ofoF .

AR, A7) AHE BES AAEE Sy WE els 2 Aok glnk odd gk &l ARkal,
T 27 SolA ATIE AMESHES dth ofYd #S AR ek dE fEvkek 2009

€] = = =
WA W& Zestal 3~4shdwolA Sla, ArtEE wSa St 13hdel ik A

, g REECE

Selubehs 5~63aToA aael FAT A, ATl LFE 25 A, Fitd) WEE S
Ansh ol BET ARE AR S @ AhE 55 65hde) s Ugoz B4
S &gel FAT A AW o] SFslor Atk A4S ek Wy, AN BEAe 4%
@ ool Brel AHANS B wol = AN T ASHES AR FHS RS W ANE A
s A%, BFE 3~4ATOIA FHH A ANE AN HES s AZFEZE 53
A AR AR FHE AR RES Bk vk, Selvels g AtEEe) £ d B
A3 Fske] ANIE AR Aok BFe] Atk AZFER WA GohdelAE 4TS,
2%e] gro] tehbs ARl A AN AGFOEA £ AEe B

M. TIMSS Z3 24
714 Ao AF7E EE TIMSS 20152 F402 % Zrbe] 28t elo Aol A7) ALE: A

23 87t FHHAT ATV EAE 2014dd] % 5}
d 257 3= Ak Mullis et al, 2016). 3+=r3} A7EE9] 258k
AHL v 6AZ Ut S 390 ShdS A At AUIEEE 1€ shdS AlFsleg gt
o A7bEEe] Ay FYs volo SAE Aot

TIMSS 2015 #8E TIMSS &2 &3 o] x(www.timss2015.0rg)oll E7/HE o] glom, g A&
SPSS EAZZIaI} TIMSSE F#s= 32 7|3l [EAAN AFshs 54 Zza9
AnalyserZ o|-g&3alo] 48hdy} 8shd(re Fotu 28h3d)S 74zt B4135k9 )

235



«0f Mooz 323t

+ Ol Q. 51&35HK| 2=

# B EAR016)
ol o] WAL F fEd A8 1879 AVt E 3wl 4
4

o] Aol 2 Fol7} glrk

<GEI-1> 528 el AR A2 383t
© 48hd WAk S /mlE

O, FHEALE  mo, HEFAME  copUa.

g | o °l,
a9 e Ak ol s Al 56.5
AR 1 8 108 187
% | (1) | (05) 417 | (57.8) (100)
= 25 1958 | 2661 | 4644 Nrpme 966
(12 | (0.3) (432) | (565) (100)

A | A 1 10 341 352

7F | (1) | (0.3) (2.8) (96.9) (100)

X o] 19 183 6,203 6,405 [ M-1] 3 FgelA Ar7] A 38eke

= @) | 04 | B0 | 966) | (100) 43hd A /)&

Feuet 25 WARES F8 FRldA ATIE S8 E s wAbE Ads slout Y7t
FEs A9 fls AR Yephth FAROR AEE SE T WAkl W& 77 1ol Al
A o2 MRS S| §3Ths WA d I 108 o2 A7 41.7%9F 28%= & Aol 7} 3l
o s At M s vl S E vlarehd, g wAb M AR A BAITH). &
8 F4 T AT ARE B8t bl S W S Fholl A oF 43%el o= ANt g7t
FEAAE oF 3% AER A gl FEolt

T 28hde] A, Aol Foldh dh=re] wAb T FEG AR 316W ) J7tEE 320979 A
<E M-2>5 Auy, 255w datel v o] vt

5ITIMSS A& ha(g), (Fohal, sael Asst AAsel gleh weba) mabel A% Ak 1 3} bz
Ax s Mgz BEE 5 ook mebd w119 h2AE st S sk 24 94 971 o)
o, e WA oh Sh b AASAE gt olo] B APl SH WA o tlge oA &

236



< M-2> 3p FelA A7) AHeE 583 WOl SHTAS WO, HBAE #oHIL.
= 83hd WA A /&

o o, o, .
R T R e
A 8 111 197 | 316
| (g | 25 | (351) | (62.3) | (100)
=8 | 175 | 1843 | 3520 | 5538 P
(&) | 30 | 65D | (619 | (100)
A WA | 296 33 . 329
74 | (&) | (90.0) | (10.0) (100)
E | 84 | 5416 | 608 B 6,024 [2% T-2] §8} FdellA AXr] AFS-S 383k
= (&) | (896) | (10.4) (100) 88l sl Z/m| %
7P 2 EAE AMEE WAL Sl oA AR AMEE sl8ekA] R WA 1Y
glths Aolth. BE 78 aAbso] A 5] AXVE AHEehes 583t 3 FAge
2 AHgetES 0

QL

rir
g
>~

©
4y
N

]_
el ar, o9 2 nAfelA wje sHAYE H&E oF 90%e] o2

ohowE, @) WAHEE F8 YA AW A8 s eEthe WA 623%0]9a, At
FAES s ATIE AVHOE AFHES S W} B1%E PAVHOD AGFES Fhe
WA} 25%) ARTH BT aAl g Wi SAle) MR 5U% g Ui e
A AWNE AT F Y Al 6L9%, AFHOE AHEHE Aol 1%, FAFHCD Ayl

= Ao of 3%elth

o Aol AN FFIA S £ Fol A4 AES HERED G wAERE oz
she 4B BPOE, F9 £9 F AW AE BH3 1 MRS BE AR 20 ik o 23
& 2Egu WA ARt 93 Fou £3 wAke] AR Gk AW AHEE @) B HAF
W, ) AHHE AN T W, 0 BAW BAZ AL W, ) F AES VTS G Delol, S
WSS NES ekl a9 27 FAA P AEE Bol BASE o SHUTh 4
BIE A o) £ Advkd F A9 Y F @ W A%, 4R, A8 A gt

H4 elgel 40 79 & SSe Ol 252 SIet AMDIE Holt A AL [AF 2]

a) B =ole

b) MadslE ALks g

0 =X 2HE HH 0f

d = Jids e o

- 2t E30llM HE SHHE =2 EAISKH2

ol of i AlZhooh s o] £ & 3 ¢l FEUHE/AS AZSHK s

¥ EX: |EA(016)

Az A 7Fss A 5oF 12070, 283 ASE AE7F 196710190

A

T

o gt S8 WAt Al

2]

237



o} gk oo Amvt &R 59 off
o2 WAMEY $H AFE AHEsH <
et SIS Fob 1 HEe <
= 247E 352070 0]t}

<E M-3> 5 4olA AZIE AReshs S4d <GE M-4> 55F el A7l E Abgshs 54l
SHE = 8shd WA /Ml & SHE wARl A vl g 8hd S /HE
g A | FRE L, | AR g A ENE L, | AR
/3LA = i ° 2es /5 | ikl ° 2es
o 3o 1 1 54 64 - 3 13 853 1158
S 08 (08) 450) | (533) B 0.1 06) 421 | (657D
A 4 4 62 49 A 56 60 1056 855
33) 42) (517) | (408 - 238) 3.0 (G21) | (422
S 3 8 86 23 Rk 45 92 1514 376
AR | (25) 6.7 (1.7 | (192) AR | (22) (45) (747 | (185
F 4 1 5 47 67 = id 3 62 792 1170
e 08) 4.2) (392) | (558 i 0.1 3.1 (9.0 | (61D

719l v Fedrith B2 We] £ T @ W AR ARPIE ARt aAbe Aol

goll whe} 743 ARE RS wAReE AHES =

WA gl uEhA A

W A71E AHEE S

As sk Al P =2 MR YERaL, AL

E e R A
A7kzE Fotal 8 wA

N e 3
o 2ot ed WAkl Al Wi A7FEE FAEY] ok T vEE <&

_ﬁ
i
M
i
_\}_ll
Shd
X
N
N
off

<E M-5> £3 2YoA AWIE s BA0 <E M-6> 58 F0H AWNE Agehs BH
[e] [e]

Su 83hd AZkEE WAL S/uS SEE WAIA wl A7hEE 8shd S S/uE
A/ A A | F A | o, | AsaA AAEE/[ AG A | wuE | | A
ad | 5 g i e g9 | 5 g i e
o ol 230 54 44 1 o 8ol 4213 933 811 18

o (69.9) (16.4) (13.4) 0.3) (69.9) (16.3) (13.5) 0.3

Axt 254 52 23 B At 4658 941 426 B

(77.2) (15.8) (7.0) (77.3) (15.6) (7.1)

E3ksk 206 61 56 6 E3ksk 3776 1106 1031 112
Al (62.6) (18.5) (17.0) (1.8) A (62.7) (18.4) (17.1) (1.9)
T Mg 149 48 104 28 T Mg 2,740 868 1,896 521

g4 (45.3) (14.6) (31.6) (8.5) g (45.5) (14.4) (31.5) (8.6)

Aol wl vk AA)E ALgATHE WARE AL W) 7720, B ST T, 699%, BHT B
A u, 626%, 7 Nd FAT u 453%0ltt. 53], A7tEE FI} =

Bl o

238



=1

T = T AT ARGl Wd =t ATEE] g |

-

£ S8 £8 wAkEe] £4 Fol AWNE g
S A A W) vt AN)E
2 AW Agsh NEst Ea,

==

et ol A E AMSSIEE 4 SHEY 22x] 3 YL Abole] AFE9 AolE
AsEch gt ArbEE BE 258h 45hdo A AN E FAH R AL E RS §Eshs
A 7E 1R oR, A 3 Rl A Alejstglnh 8k p]follM ARbE AR O R H 8k Ay
543kA & A5 SAEY AHEE wusd <& M-7>3 2a, =48 (29 M-3]%
xia=y
<E M-7> 43hd 53 F0lA AL AHE &
& Awst 3 4w A — wiEs —e—u3
640 I
4shd | SR A () AR BE 5381 ™ <
520 N -
o, A | 1,958 614.3 — N aen
3=+ 614.3 6105
ol 2,661 610.5 500
o, A<k 183 638.1 580
3 73}}: o, H|gt elg= =1
T eldse | 6203 612.0
(713 M-3] 43hd 58t eiol A A7) Abg:
a4 Amst 53 4Hwe) W
A7) &8 fel web FEste] AR, ZFstu s 29 Azt AX] Abge] F8d
SHET 8x] ¢ SIS Hyt AFAEE wasRny, $euds ALy AMES Fedta |
3t WAt A vl SAEC] AHEE 1A Grial @ek wAbelA wle SAES AH LR ot
S Ao YTk ‘ol (Ag AR Rl ek WAl A vl SIS Wit 61437 0]l ofy g’
Zhal ek wAbel Al e SAEC] 2 61050t H7FEEE fo'gbal w@ek wAel A wfg S
o] et 638140l o Eta @it wall A Wl AT Pt 6120808 1 Zol7h o
2674010tk A WA A 7h 183 oz AAQ] 3% Hrol sjFEtA| o}, o] Aol AriEE
WA stlse) 4HARe] Aol Antstalv) o,
etul 28hdol A, WA §28F FellM AR FEshs AR wekA sHEe] it AFHE
T <& M-8>3} Zo] yehtal o5 =4stetd [27 M-4]9 2t

239



FHAA

<3 M-8> 83hd 48 £{jdlA A7) AHS 8

640
- y - A 6353
god | ew | 0N 9aw ww e
620 -
o, T-A 3 175 586.4 o33
- - 608
gar | o, Al 1,843 599.5 . __—"
599.5
oby g 3520 608.0
86.4
d, BAS | 5416 6134 580
. of, 23 of, Mo+ ot
ST a) Ale 603 635.3
= R (28 [—4] 88hd 8 el A AM] A
e - _ 318 x5t QHEe) W)

of\
91;
El
91;
o
[
1o
o,
=Y
oX
Y
ki

il
=
El
:oé
g

) s olmalny, $euehs 4A 5o AU due Tae
W AEE HEA RS HE, ARA0E HEWE Y, PAROD HEue o]
upeba] AF el Zol 7k IStk ‘ol FAlgPolgtal gk wAlel] A
W2 PRl HHALE nashrles A7 vk ol E AR
718 AgEA Be4E Pt AFH TS B Aoz ey o, 1A

o2 &
-t Mr 32

o

J7b220] Afole w8 oM A7) AHES F8ehA R wAls SAGHA] fskt B
WAREO] 8k =4 Fol SAFol AVIE AREEES shal vk FARe R 888k wAkst Al
dFH oz & g

o sgake wdA e
e stEe] Wi 4HEE

6H/HOE, AWNE HEHA0T AEHES e YRS AR} FARHOR Hgue
SHyEe] AR Eu

Palo] AAG FEow A8

B AT T AN AWE oA Abgsta QA el Aabrleh 8 AFH R Aol
ofw WAZF A=A Tl tigh A RA4E FolA, 8 ol Al ARl di@ AARE
wEsHs Aol HHork ofF flgte] wAer 58 Aot Fu7h Pty w2 JrhEE
= vla w7hR s, w7k ke ot 9 g ARk AR dEE BAstat st ¢
A, et g BAE vlaste] AR ARl di@ ek Sk, 8 selel A ARb] AL
& AEiot A7) AR 8 JF ko] BAE TIMSS 20158 $4H0E #2483l

240



2
=1

& Z A7) Abgo] W ST AvtE=e] wS )

4

N
bl

(L
ro 2 1y

f
ko)

Adts Aeetd thgdt 2k A, =) 3 el A
b 3~48hd ol A 1ea AvfEEE 53
oA A7) AH-E E3shHs WEE AR
seteAg FAYeR AN F AvtEE
ANFoZA AN Aol Bt R3h AgehE e £
g 3h AJ7FEE A Bzt vk A7t
TR A Ao A A G,
& @ﬂ% T 2k A, 43hd el A @ o
& AL AREEIA| Rl o) &
%6‘]—"7 N7}4€b 56‘%_01] w=9daty

l'ﬂ Oﬁ
o Mo

o %

<,

ol

rlo

P

o[n

101'
2>

= e

~N
il
—
l
Do
rT’
e
ox W
rl
)
= >
=1 N o> 0
ES S NI

N
e
I
b
un

Lo
e
52 1
-{E L —L
)
I
2
2
> :
I\
o X
i
Qv

e e
ML Q

of
2L
X,

B
[
=

N
X,
2
N
i
>~
>
oo
ol
ol
ki
I
)
o
ol
ol
rlr
it
ol
rlo

Ay e S

4ﬂ;=,ﬂ
=

4

o

]'1_,_1_

il

L o
-
ol

I

1

=y

fu

2

| o

12

i

o

]_

o> X

3%
NS
k1
)
>
>
N
il
N
R
B
~
>
oo
ol
ol
N

Ry S

%
uh

N
NS
L b

Lo o
m\l

l

>~

o

o] @l A AR
o £, e 28k
A ergka At

o o R M
o
r&'

)
2
N ok
il
¥
= ol o
ofo S
P‘L
Y
&2
s
Rl 1
ox
il
é fr
%2
32
K
Y
1o
=
-
Mr o X
o,
4y 2
2
T
)
é
é
>
o
i
mm
>~
>
to
ol
rlr
1o
ox

SRR NS

rlo o

= 742;_ UhERy rJr am m}zg

N
et
>~
el
ofo
ol
o
e
o
|t

©
]
S
o
32
=
o
A
_%'1_!4
~

%igr{oggérlo
[@e]
Lot
tlo oo El
ol
i
ok
B B
s
il °
N 2 ox
=
o
N
RN
>
flo ot
oY
-II'E o4
ol ot
ot i
o
T s
ol 32
i “10
o o ® o
T
2
_1
o
2
g‘a
Jf
R
Do
Lot
L

o,

gy g
>
o

1% oM

~
N
e
R
<
o
30
i)
N
2

=g
o e
I =
Lo

FL o

BAREo s e 7
@, =) Ffde 3
o] 33 L:_7]- AX 2 ALY SHQUERT 2o Ay}

1o r
r
X,

- ﬁﬂm _1_, motl
o
>
[
N,
>~
=
110
_&
g
P o

%l ox N
i
K
>~
=

I o

~ AL
g
o

—.~
ofo
o
o
ET
bt
N
i
rlo
A
|o
HU

B

N

>,
N

uu |o
>~

>,
ofo

ol

ol
R
5o T
2 oy
M 4o oo
ol =
A1
o

oo

e

rf

1%
ox

%eﬁaqﬁqifa—ﬂﬂ#@ﬂﬂgzmj14%ﬂt%}q%ﬂ e A A ANEE
9 F o= oA ANIE EQT AAA e o
ES1sta ot AW AHgel B A

mw
%0
.ﬂ
pey
:%
_{
i)
i
SO
_1
m1m )

e ddE AdS gotsir) vt oy
“3013} 01] =01, 20 A sl ‘ol W&ol 2015 N wSaFel A 5~63hdw o ®

atale, 2009 A wFIge M= od g W AR /\P%ﬁ}Eﬁ akaL 2015 7§l M=

OHT

O

o
| °
ARZIE ARSet S s Aol EAlekA] @eth EF 2015 W wgaPgelAE Aol A
A A delE ofsiaAY SEshe Aol HAo] opd Aol 1& 15 AR 2 5
L AAE] QLo 3~4shdel M Adae] ARIqte] el olssAy SRk Alo] HHo] of
W ASE e A e Aldel s 4RE olalsta At 15 e sdeior sk A shdelA
= ETRAY AT g AR Fark 7] wEel(Sheets, 2007), 25 ehal 3~43hdel A At
71E E=Qshs Aol vigA e, niaAsiad of 9 &-gelof ufA A Gol hd o] oFof
A 287k Al

A, U S AEe 8 £ Tl AWINE ARSH g HoR, 8 A A
WE Mg g A0S setd devh Aok wsIA adpl Ar] A Axdta
ARME £33 FoM A7IE AR A AFsaL AR o8] AR 3 ARE %
A% ByR FEHA Xz glon IRIANT. olgh HEo fuvet Fou S 4A% A
A AXTIE AHSEA e S AR ARIE AR s AHERT B Ut
the ARE feueh Sk e ot pelol dig dwbAel AR Aadive s Hewn:
531, Tl 100% AR7IE AREShs A7hER SASe] eh AHRke} ol qid Frvh &
gubet ST Erhe ARLS oVl wobsdd Aart vt vt #8 fefellA] Abgeh

241



Werso] AX|E AMESHA] fote Hi= AFEERT FAHNEA, B FYdAE ANE AR
steete Bkl M= ARZIE ARESHAl 7] wiel aEdhgst |rbh daEA o] FojAaL Sl
F2A & I 4] £4S FAA, O FHAM AT A AR EA d=A 2Eal AR
S AHEsHA S SRS AFAETE 28A S SAERY o =24 i $FHA HET o
Fold "art vk

AA, w3t FAAA ArIE FARHeR sdete At AR 588 Ao S
o o AFAES Y F Ue 7HeAol Ak Tl AIE 100% AHgshs A7FEEA AR,
oF 38%%E Agshe Aol E AxIE FARH R 8ot SR AR R e
SIS AHE7E = dEsd A= 4Fe =R Abae] dRE By dAdEs £
AL ¢ glo, Artr|e) 715e] 8t sy Aol 93T ¢ e FEe dFol A ge
gasio), whepA oje} e AMEE 8 4] FollA ARIE FARA OR ARSI S dhe S
SEG o] & F &S wAew W, 7 FRloA AE AdHor ARgstes Iy,
SHEe] AA oA AVIE AHESHEE & A tiF FIHAQ =97t o] FofA ok & Ao
.

AT Aas v ew 8 FlolM e AR ARGl Wi AdS sfaa g ¢4, 2edha
T T E AZIE oAGA AR ZARATEl Bigk FAIA Q] aEdhd d o] iy s ofof Fitt
g oshdol A =]leke Aol M BeAAA 2ga of" 3 gl oBA tE ¢ d=Ael d
g 78 7IHeR sk oAb A o] glofof A 53] 2ot eke] Fa 4 o shve ¥
o frele(bds, &7, &) ARtz AR ARt o' dAlell A ARbE GgFA EA
g FAARJA Aol glojof . EF Tt o]l ME o' DEoX AIE AREEE Ao
T AtaLE weAed i@ JR7F 29 AFe] vhdEojof k. Tata AR 3l st
A O 7 AHgEhE oA FARH R AvE AHE

[e)
4
SPASET ARHoR AEsE SR 43
b el A7) A8 8T AAA Ei olgA] 87 2
o) zal7] wrhe, AL ERH O AGHE S HES Pl
|

41 o 4y o

AT, AadE©2017). Tl el Ay 8ol digh wAlEe] A2 FAL
=8 W83 =53, 20(4), 537-560.
V7] -(2011). 83 S HA. WS 7|5 1A A2011-361%.
715-(2012). a8 A3} et wSer|s
1992). =18ty w&HA. WS Al A1992-12%.
1997). 258n nSHAY, WS Al AI1997-15%.
2015a). 8t n§HA. WS A A|2015-74%.
2015b). A2z 3§ FFHA Y. WS
A2AF-(2007). 2T WK HA. WSAHALHE Al A|2007-795.
8k, 24(2010). CASO] =7 Ald 3 A2)e] A #AHox n@e dxpEao

N
5

O AL

ok ot i

Jr 4z

al
al

A~ o~ A~~~

o RDRRRRORR
N, fo Ho fo Ho Ho Ho Ho

¢

et
o,

EA

242



T = T AT ARGl Wd =t ATEE] g |

=1

A G USSR A Y RE TS =T, 24(3), 611-626.
FA™ (2010). W= 2SFstadba o] ALbr] &8 Adejeb Wit gt 24, =4 a5
AANYIZRE:FgaS =F3, 241), pp. 1-27.
A (1998). f-gluel 25l Fetugo] A4 shedt Axlby] &4 ek A o
383 =83, 8(1), 237-249.
d7ot, Adw, UAd, 12016, 8 -A3 AHAE Fo| WM FAMALAT: TIMSS
2015 A3 £4. suSgdgrke A5Hi RRE 2016-15-1.

r
>
o
k!

Shg (2006). Zeotel s Ayl &gl gt gt w4, A, 7(1), 17-32

o]yl 24 47(2010). 188 AAE %fﬂ Srdde] A S st A =k kA
o] sl G, uSes 201095 A443 AqsSuSATS FEU3 =Ty,
127-143.

o]814, BFEE o]F3(2009). 1l AXF7|eF CBLE #-43t 13 3 B - 25 Aol
THOR F AHEAT - FTFuFEI=EH, 12(3) 347-364.

o|sted, A4 (2015). IAA rmA el AR AL &8 Salgdl, 17(2), 157-178.

Z4(2011). CAS 1§33 AL719 dult= AjzstE 55} ol Sk A vk ' gk
TSI AN Y2EFAF=EY, 25(1), 63-78.

ShAlS, A7 8(2009). 1158l 8 wAlE) Aol Al CASe =AY, dtulg 11(3), 527-546.

Chazan, D., Leavy, A. M., Birky, G., Clark, K., Lueke, M., McCoy, W., et al. (2007). What N
AEP can (and cannot) tell us about performance in algebra. In P. Kloosterman & J. F. L
ester (Eds.), Results and interpretations of the 2003 mathematics assessment of the Nati
onal Assessment of Educational Progress. Reston, VA:National Council of Teachers of
Mathematics.

Collars, C., Koay, P. L., Lee, N. H, Ong, B. L., & Tan, C. S. (2018). Shaping maths courseb
ook 6B. Marshall Cavendish Education.

Ellington, A. J. (2003). A meta-analysis of the effects of calculators on students’ achievemen
t and attitude levels in precollege mathematics classes. Journal of Research in Mathemat
ics Education, 34, 433-463.

IEA(2016). TIMSS 2015 user guide for the international database supplement 1. International
version of the TIMSS 2015 context questionnaire. Retrieved June, 15, 2018 from http://ti
mssandpirls.bc.edu/timss2015/

Heller, J. I, Curtis, D. A., Jaffe, R., & Verboncoeur, C. J. (2005) Impact of handheld graphing
calculator use on student achievement in algebra 1. Oakland, CA: Heller Research Assoc
iates.

Ministry of Education, Singapore (2006a). Mathematics Syllabus Primary. Curriculum Plannin
g and Development Division.

Ministry of Education, Singapore (2006b). Secondary Mathematics Syllabuses. Curriculum Pla
nning and Development Division.

Ministry of Education, Singapore (2012a). Mathematics Syllabus Primary one to six. Curricul
um Planning and Development Division.

Ministry of Education, Singapore (2012b). Mathematics Syllabus Secondary one to four. Curri
culum Planning and Development Division.

243



A

Mullis, I V. S., Martin, M. O., Foy, P., & Hooper, M.(2016). TIMSS 2015 International Resul
ts in Mathematics. Retrieved June, 15, 2018 from http://timssandpirls.bc.edu/timss2015/int
ernational-results/

Scheuneman, J., & Camera, W. ]J. (2002) Cualculator Use and the SAT® I Math (Report No.
RN-16). New York, NY: College Board.

Sheets, C. L. (2007). Calculators in the classroom: Help or hindrance? Action Research Proje
cts. 33 Retrieved June, 15, 2018 from http://digitalcommons.unl.edu/mathmidactionresearch
/33

Wolfe, E. W. (2010). What impact does calculator use have on test results? Test, Measurem
ent & Research Services Bulletin, 14, 1-6.

http://www.timss2015.org

http://news.donga.com/3/all/20120119/43419783/1

https://www.bbc.com/news/education-20259382

https://www.gov.uk/government/news/use-of -calculators-in—primary—schools—to-be-reviewed

244



A Comparative Study on Calculator in Mathematics Educations
Between Korea and Singapore

Choi Ji Sun®
Abstract

Debates of calculators in mathematics lessons sometimes have happened in both
countries that students rarely use calculators in math lessons including Republic of Korea

and countries that students usually use calculators in math lessons. Korea has tried to

activate usage of calculators in math lessons as the revision of national math

curriculums and the development the strategies to support schools and math teachers. On
the other hand, Singapore has the different educational strategies to use calculators in
math lessons, but students have higher math achievements in TIMSS and interests in
math lessons than Korea. This study intended to study the difference between Korea and
Singapore on the usage of calculators in math lessons. To accomplish this, the study
compared math curriculums of two countries on the usage of calculators and analysed
TIMSS 2015 related with the survey items about calculators in math lessons. This study
results in some suggestions that we should do in oder to use calculators in math lessons

effectively.

Key Words : Mathematics Education, Calculators in Education, TIMSS 2015, Korea
(Republic of), Singapore
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