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AFE 7| a5 E 7HCBAM)Y &3 A& 715A e
T4 7sAZE 9101 37 oﬂH PISA2012 =+ 2015

PISA20067E F-&#4 oz w=j®l HAFE 7|k §717F PISA20155E AW =ggd] &
% }

i, GO 4% AYAPA YR vobrb AN AREN 3 B ALS A% )
542 Aol wAbage] BFAE sefi slo] ATtk o 98 PISAY F§2
zehete] FFEN Bokel BF FAES BASGT X ATlAE 2% AREAL B
4 % PISAS £uhe] B¥2 GSPE AT ¥ AuPsblAe #F% AP b 49
Dragging #52 FH02 1 549 F44, 294, 4= ga) 2Astac 53 Gkl
Aw AFE 87 AR APIRAZ o] bsFe Aratdnt

F8-8°] : PISA2012, PISA2015, 58 7Ivtsshg 7, e 7wbesad, =afd, (v
AP S, S A7) A E g o], PISASENE &3, 5B 7] v A 2

I. A48

WSF(2015)ell A LA RE 20167078 Fotat ws Al A AAlEa e AT T AR
Al s E B3g A a8, ke Jid, A, WA o, A AE FY
< 93t A7), AFH, S8 AXE Y T ¥4 =5 & AS AxEa 2
oo Jrrd A A= HoF S24 3 | &l e e @ wEs 28 A4S A%st
I glow, Frtel A= Aol A7), AFH, wEE AT E O Fo ¥ EFE
o] &3 F JEF sjof gria tliE o] vk OECD(2012)+ JEEU]HJ HrtE B3 AE
B7tEe S48 Addd 94 EAAY, #34 @5 59 T s€HS AT
T Ao, FAE] A HT A, ofH, —4/\}4% ol ust *ﬂ%l?f} AR FHH 540
7hedtthE Aol dukal (A ], 2013 A A-E). o]y d HFE N Hrle] FH S
g o2 %Xﬂiﬁ’j/‘é% 3 7HProgram for International Student Assessment, ©]3} PISA)
PISA201501 A& ol de] AAg7F waje] mF Abgpxa d goo] 2 HFE 7|ve] o
7hA S A&kt PISAo = 2= AHAE ddAdo=m vud & e g Axs

1) e=rditierd (Ish5080@naver.com,)
) etk (zsunhoz@naver.com)
3) @2tk ul (sangch@dankook.ac.kr), 1214z}
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AW - RSB - nAS

o
el
e

Feo] 7] wiEol, Foxe PISAS ZAE F3) dld H7le] nGA|AEo] wE
AHAE A 7lFolA Ads = o oE V| xE Ao wiS JfHAET 5
2015). ol A ¥ A Ao FA a2 9l PISACIA 7 37E 7| Hke] 7}

4 K
o
Em
£

-

o
o >

it
| gigt S dFE AFEE 9Xd, {Hed(2012)> ASFHZIRE 38
= 21A1 710l o 7124 =7 Qo Alke] &5 wel 1 AR Wkt F8A4
o] g% F7Fstal lom, weba F38F o] F J9d =84 FEN #dE A=
713 ¥ 7] ¥vk4=8t 9 7HComputer Based Assessment in Mathematics, ©]3F CBAM)$} &2 A
28 el E9jo] dAAolet & & ki s TE HAM(2013)& el Al ASFH
7Ike] AT 7 =9 Wehs "@Mste] 1 de Ay e AES AAsd e,
olu PISA2012 ¢lR|A]&oll A ALEEH AT 8t g/HEdd T dFE AANE =7F 8¢ A
A% Fr7tE AFH7IN F7r2 A8 wo] FHES dAwstath

(34 o
)
)
ol
N
2

-

b4t

@ SR WAheh g AR A PHel =

=90 A ~ZES O, 75 A%, A7
FAFoM AFAA ARG A Brhetr] ol el
2 Zlolth(A 914, 2013, p. 209).

Al E el A "okl o ot
o] CBAM®| =91 de4ds Adwsta slo] =
_/':

3 % 7
E4e sefane A o o Foldokste FAALel foln e $g
Be AT Aol

Baccaglini-Frank 9](2010)= HAFE 7|8 F7F3t Ao =84S B3 st =9 7|3HEAl
=2 FE A I AFE B (2" [-119 28 JAHS AASAT. oo E A
Ae WAL SO A HFEH 7 HyHEE Y JbeAdd 24S T3, FU1E PISA2012¢F
PISA20152] =3} HFE 7N +8 F T 1 & [IE FdsH Al

st elel gete

()asish mesfokst: Gago]l FolaA sefdnug vk £FE TAL Ao

NSFGGAA FEF AT} ol FolAgov] ALY FrirelEdN ATHE FrlEs W
=

.

)

A AXE B Aol ST 5 A B /HEZE 9 Geometric Sketch Pad(e]
3, GSP)E 2831900, o] % AFE/M 715 Bkl A Qi Sl weh #A st
o AFEG e 2 9 (29 11030 2 34 ndste 9@ (qu)marse )
FEAT7] A e AR o mAGA T BN Fotus HanRA) BIhE BHE
A 8 e Bask Ak webA B AFelAE A% RE FouiRE gon 3
FETE BESHAL WS FAG e Gohel @ FAe AM o 5L 2
33, olel BeAH HAAATE AnBomM Fetagolqe AFEHIW BAE AT o)
WA SO R £ shefetat sk,
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g3 7HCBAM) 9] 3 A% 7HsA Bl
54 7NeAZTEY o FAoA PISA2012 ¥ 2015 &EE #3S FAow

[ T-1] A= A, 283 &7l 93 =957 B
(Baccaglini—Frank 9], 2010, p. 249)

1. gole] Aol

1) PISA20129} PISA20159] 473} #AFE7IvE &3 o] + 4 3}
o] ofepA WHEZA 35 ARG Fde Faolth T dETE 2ol
Ha AdHow WE ks

2) =4 (dragging) @ FHITE EUE delA FEd)d(
up-2~0) % HES AFEste] Holuh AES A

1A ol 7] dglolth
3) AFFEZINE g7 - FERsbE A H BUH AdolA Fdst= 2& Computer
Based Assessment in Mathematics(o]sl, CBAM) .2 ™8 W}tk

4) AFH7IN 2 0 HAFE7IE FEEVLE ] 2 ATolA FEg 7 £ 3S
Computer Based Questions in Mathematics(¢] 3}, CBQM)2o. & 1 .

5 AFE7IRE 7 ] AREA QI Ho] 2~ 1 AREA oAl HFHE HEsHA AHEE & e
AES AFste AA dE&o=ZA AFH Alxg e Z2 a4 doly fggoly
TS Aostr] st AFgEtE WEo e VIS St B A= PISAY &
Bt A @98t AFEAF JIE H o]~ GSP 54 #AA FiE3d] Fdo] 7Hed
th= Aol Zetsto] A EE AT F AES 2494 Dragging 55 & S ¥yl

4) http://terms.naver.comy/entry.nhn?docld=1181081&cid=40942&categoryld=32843

-~
olr
o
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O]"/]‘“)r Mol o3 22 olE =P Zolef yo] T FAHXI nE S0
T8 Qe H] 2o - o] sk 04 o= GSP7F Ad =2 7HEA
(Trouche 2004, d&dA 9, 2016) & sty $-&(application) .2 £ 4 )t}

4g3hgom, o
A9 @ e REAb 4S5 USBIl dshAL edkel 9¥ wHow AR

o. ¥&
L AFE 78 H7t
7% wae w8 o thofdt Ropo gES Fow I F syt HAFE W HuE A
o] mlolth A F(2017)2 HFE 7 Aol T AFEEE &9 HFE 7Nk
Abol tlEte] AFEES v|wtow sy RUE, w9 711-15 55 5 A= FHorg
Aolat At PISA20155 Bl A 9o Zx AFE 7¥k HF7F A& %
o

€]
2
E

_\'ﬂ/ \-E! O.I.z U\] 1)’

i
ATHFA=- 9], 2015).
PISA PISA PISA PISA PISA PISA
2000 2003 2006 2009 2012 2015
o O
w7l K ° o Dleora Dera 1°
AL O
oIx| Rk Q e 2 ° Eluiceam Lo
39 = o)
st © © _|;|_(+)CBAS o = D ©
Suis _ _ _ o ©
2xal 2 o [ _J(ceaps) -—(D cP9)
s | oaw || e s || e e
MBRAL CH& ik SmE ik f=limE e (Dstam
(HEER | @EER || @EER | @EEe || (ERR e

w (O X|EmoHPBA), O/0: dE 74 HIHCBA)
o AIER] ke () MelAlstoz Alsis!
- SYE RE2 FHYs LEH
= CBAS: Computer Based Assessment in Science (6] Z|¢t mlat mo}
- DRA: Digital Reading Assessment (CIAIE 247 =7h
«CBAM : Computer Based Assessment of Mathematics (58] 7|8+ =& ©op
<« CBAPS : Computer Based Assessment of Problem Solving (24 $7E1 7I“F 2HEEY "op
= CPS: Collaborative Problem Solving Competency (829 2AsiZ2] =
# BHM Cifale] MRoll= 7|2 deat 3 MEf Alglel MKAB(EC), HE7|S(ICT) dRo| Za=lof 2

2214
AATT.

(2% 1-2] PISA 571" |7} 493} |7k B4 (745 9, 2015, p. 6)

ol
ol
N
o
o
e}
N
)
D
lo,
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MR E, A1 AFE N AN S H4L B}
A7 QY RE, BT, 7%, BT, T4, 24, B, B4
£ JFEQ0INES AFHIE FAsE S Aol 2§57 o

A TEo o UL Ay fste] ArR @
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ZAFE 71 7HCBAM) Y & A2 7eA '
54 7NeAZTEY o FAoA PISA2012 ¥ 2015 &EE #3S FAow
AR, HAF FholA TS E gt L{FE =Y
A, Al A A= FA g o
AR, oheFg W] Aol Tk el Xt
A, AAF Ao wE seds & ¢ gl JJ3e] A Fod dAAHA AT
7]3 4

AL B wE AL R 2eE 5 9

ol 21(201D)= HFEHZIRE ZA A B2 sl
o, & AeM = FAF 7] PISACA A4HgE £ Eoln

o}
g A3 57HAE A s
, Z5

1 AHE AT 7 g

7HA A F ARl Hiel o

an )

A1 HFH Fdoll 342 A A3 A Ao
AX2. AFE H52ES 53 FANE IS L
A R3. FA A A ARE AT TS HEso
A4, Fn et 5715 el VAE A
A5, ICT 583 AFA A ggs 423 ¢ JEF s}

ok MET 9(2010)= HAFEZINE HUbe] 7o 9dFgow AHFAV|E A F(Information

3 H# A Ak 93 A4E R

and Communication Technologies Literacy, o] 0} ICT ¥
gotAa, o]t (2007 2SN ES U= ICT < 3
gt Art. ojef #Zo] 21M7] Al 42k ’&?3@4”3/\]‘4494 EES s fHFH
sk AFEo] AHEHoR APy = AL F3tuSd o o= =
, &= © FAA el AAARl CBAMS 28 Hete] digh A7 855 = Aol

™
T 3

2
2

2. PISA2012(%=& 2015) &Eha] &3 24

o
it
o

o
I

Lo

Baccaglini-Frank <](2010)c =#dl4dS §3 stAEo] 7|sEAE >F& 3

AnsAel d# A7E Fokel (29 1-112 ANSATh Bashl B9 =4S CBQM
2 ddar] 95t SaEe] ZAs Aelolw PISANA AN AFE W FEE E

=& E3to] s AaloF3ttl. Baccaglini-Frank 2](2010)= 54 7]3l4 Z E 9 o] (Dynamic
Geometry Software, ©]3} DGS)A2] H7Fet 7[££ g Hr7F w59 714 &
s dolgta stHA =] s xS

Arzarello ¢1(2002)+ Cabrig &3t stAEo] /MWE 7|t AE Fv HAANA HA0
mel o2 FEje] oAt =S €8sttt st oldl &7, AA%(2014) A3
ATFES Fudle] Foxe wg =S dod =74 (wandering dragging)®, ¥
=4 (guided dragging)®, =A% A3 = (dummy locus dragging)?, =74 AF

5) 994 =7 (wandering dragging) : A2 =9 Tv|2e FE FHAS Ay M ‘=] st
g (o3 712 AES A §lo] F29] Z(randomly) =27 3ot

6) StE =7 (guided dragging) : SBL S =q o S A7 YalA 712 A =7 i)

7 =AR A2 =7 (dummy locus dragging) : S = A AR Aol 4517
s7] Qe 718 e = staA EAo Y AHE ™ olu, s zpale] ¥l EAOLY AFHE
Aol Az s <l4sA Fait)
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(dragging test)®e] 47kA1= At webr =dj4d &5 CBAMe| 2 SHolz &

F g

B ATolAe 9o o] MAdATol FoAol UFH =P e Faho] wIe BA
Fo7l Azt el & A okst

w7 Stk thek SAEel A BEH sk $7e] ol
AR oR AFHU/ oo e ATHe] 9 Atk

25 1. SEI2| CMO072Q02

AR
B 2k=9 2ol
15 M=2 Zol
100 ARBE 2€R(2 20|
525 €0l
SEI2I2 20/2k S S0I0 (et 22 0L AR 2242 @2 Ml &' E= AX'E JEANR.
=k =,
HZTFEICH H0IE XS SHE 525 A0 3N HEAHD, BB $ES O 2aore. O O
AR YTHE SHCHe) S0 2D MO, AL E SEI212) 0| HRILEZS 20ICH (02N )

[2% O-1] PISA2012 SE}2] &1

8) =al4d AF(dragging tesh) | S FAE EFo] a7d HAS WEHA dohis] YalN F2E we
e Eaan %, e e Sadeld HA7 AA SAoA BHH A4S 222 AFeA] 919 3
22 AFA AR, 4 Aol BHF 7, F2E w1 g2 =P



A% b F

s 702289 7HCBAM) 9] & A
£ 2015 <] w35 s

=7 7]8]- EE dlel B4l A PISA2012 &
A =711, get2

oAl 4RL ZEfI7E Ol TATMY Boso] YLIS DS Yok AZES
MY+ SlE SRS HolE 100(TR)CIR,

BiCto] A71E UM WE(HL UM WS EAase) HZ 4 gt

ofel I HTlY] 271F HE W AYH U AAE LOIECL,

fr oot

7t=e| o] | H=ol Ho| |ALSE SEf2le] Hol | Hol

36.44 | 13.56 100.00 494.06
SEf2I0| Zoj2t Bicto] Slojo Cist CF2 Y2 &HRIZL HECUR 2f2to] MYl sl & £= 738 124
e

A7} B0l 0|2 MS S S2S(IP NS A S, SEfE| $2S of TUOF it
7 fot Bfcie] SOIB YD YUCH, ABE SERIS] 2ol AL 8 200

o ol
oo;ﬁ

[29 [T-2] GSPZRIHS S8 783 PISA2012 2Bt Ed 1

2 AFo A= PISA20129 A4l & 7|st9d e LEEEAE A4
T&EaATE [ O-11¢ PISA20129] EE}E]-%H~ GSPEZ 2198 E3le] 1E3 A
(29 m-2]9F 2o} [29 T-11d AA= A= PISA20129] SE &

As 7] JaiE A AFE o™ 1:EH71(gu1ded dragging)<S &3t sl Ads)of s, =
HEEds A [ T-1l9A9 3a EEE 3behA ¢ ﬂv} g+

[ T-31¢ PISA2012¢] &IOS GSPEZRIYS 53le] a3 AL [13
-419} 1}, o] &L EE RYS %Tol A2t e BeFel = dtel= ¢
& FEtE & AASte] SEHEEF oA AFLE g3
o] HaEs & F JA=F FAHAJT [1" T-3lel A
B3N et ®a 13 v 2 Abe® 2Ege Zo
o E A& Fate] AAE FAE Asokgttt gk FEFE o] HgS upHo] Fdgh
=] MH AL 7 o] HolE vlud 4 Qv FFo] o2 A gt}

7} 100 2 Tr?qlﬂ—t— =7
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o]}qlﬂ. q

a3
2
folr
f
o3
i

=X 2. SEt2| CcM012Q03

==

UFE= SCHE UHE M AARIEREU oLt FEE D252 sIRCE
ISRl 30|= SN HE(EI2 M ZARIE)E S Dst0 BiE £ UCH
OkHel E= 2HCHel 30|12 Ui2 i SEE 2 22 20 ECH

R |
2 xE
B Al=E eI 20l
13 S0l

35 222 2ol

15 M=22 2ol
100 ARSE €9l 20|
525 'S0l

SER2I2] 20|, $HErel 22F L S010) (HEHCHS €22 S210L AR 24242 S (HEH0 & £= HA'E DEAR.

=4 s AR
A2EHE SEI2I2) 2017 LB, BARE B G0I2HEMIIEIE 22 0 220 A0 2 o © O
2 20| SEIRIE ASTEICHN, 21E SH02] S0I0H S AR S5 90120 AT C O

[2” I -3] PISA2012 E}E] 231

AFE HCHE OHE O TAZIYE OfLiEt UYHE TSR SIQYR
Aol o1 Y HE (A2 UMY H)E SN BG4~ 9ok
OfEMe Ei UHY A71g stE W AYE U AUF EOIECL

AE |AHBE SE219 2o | Hol
10.00 31.42 78.54

7t2o) Zo| | M=o ol ASH B9 Zo| | Hof
36.38 13.62 100.00 495.52

SE2IQ| 20), 3fH9| 2 3 H0j0 Cist OHF B2 TP ARV 4| S0 el H e TIE 12A2

Y T
AgBH= BEF(] 20| YHE T, AR ol §op} APt Hie He 1 20| BRIl oK. O O
22 Ho|e| SER|E ABTICHH, HE 3o Ho7t BAERE sitte] Hol=rt Hop o QO

(28 T —-4] GSPZ23S T3] 733 PISA2012 SE T

o
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HAFE 7108 7HCBAM) 9] &3 A& 7hsd e
T4 7sthZE Y FANA PISA2012 EE 2015 EE]'E] TEE FHE

DGS#7d 9] CBAMA =L =g dgdss &
o7 9(2014)& DGSEAA =#An #AR %g@ 713@
(dependency), &% Z(invariants), 7 Z(path)S A3ttt ol wet [29 O-2]¢ [
M-4]9 GSPZZa#;oz T3 FHAFEE 7|0 23S

1) %44 (dependency)
Wikipedia?ell w2W, F& Aol ‘Y Z(primary source)ol| 2]&38}o]

DGSEAAAE oleld F440] AdAne 2 Aoldel 0
2 A4 Gl de Sl %éé oI Aol dgan. ol

= o
&

as5g LAl uel zwmgq tﬂ( olal A L) ol (2wl
W J

s A% el 12 2 Pel7t . | W A% Le geE, A
HE #92 F4A0h A A8 L & A& HE 2498 wWe [19 [-5]9F 2o
T ALY AA T FA oA "k F, A% LY AR He EF d5d 55 o =
ek A BAANE A5 Aol e wol Ao Thme] Aol Aze] Aol AE
ZEHele] Aol ‘Hol' Tol WA HH, o] e BF W5 FHHNES 49T
Atk T B2 A2 o wAl FFA FHAS AU Aol ol ol Adwdt
st Bugel o8 FAHES 4EHASS v

v ER IR

HoAel HEE LERITH YUE TAZIY Bojo| HTIS D 9ok ¢EY

HEY + Sle 2E219) Aol 100(THA)eIct,

SiCie] A7\ Y SIS(RES UM H)S ESaaspe HEZ £ Qo

ofeie] B #jCte] Ar|F HME O 2ME I A7G HAFCL,

7i=2] go] | MEQ| o] | ASE SEf2iel #0l | =9 )

34.13 15.87 100.00 541.57

SElRlo] Zojet BiEte] SO T CHE MUR HOUL AHOUP 22f0] M| O & T 'S I2NQ

29 F =

TFIL BTt HOIE MS HAR S25(TRNZ0E I USHY, SEE| £55 O TUNOF PICL o Q

DF7 Mok ETR| S0IE 2D QUCHH, ABE SERRIL| ZOl= AL #E 3olch o O

[ IT-5] A% L =& A8 HE 4 45

9) https://en.wikipedia.org/wiki/Dependency
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2) &9 Z(invariants)

Wikipedial®el] w2w EwZFolgd ‘¥ 3k(transformation)el]l Y= W3lslx] = A'S
24 Baccaglini-Frank €](2010)+= ©]& 3 A& Z#|lAsts &9 WHelA &= =39 &
dolgt sttt olefet EWEE [ M-2]¢ [198 HAldAE ZFols 4 l&dH, ds
S =Sl ek e A4 E B2 WskA] 7] wio] oE EHEgoeRr B 4 9]
o} o] Aol & gdofete A Mgy 23S olEnh SEEEF [ dAE SEE B
ol AAAYPolmr AAZF Y Ao wet dEY FEAQ FA Yol FESIAL FAE
jAafofet FEF T Mol A= o]t tlEo] d9 A7 #aste] dAs 52 ZHol

atoll A wlolo] A7]E HluLste]of gt}

3) 7 Z(path)

[o3

WikipedialDel] m2W HA=Zg ‘HE59 <
o] E TAEL A9 ;doloﬂ/ﬂ o]tqt}‘
MAE dEetal stk A= £

?ﬂ@’giﬁ Baccaglini-Frank £](2010)2
H3lo] Wulsk A= g Est=d o
wlzk }X]i A= H 219k [ T-4]elA s

N
o_>L Ip
o

JH
r‘i %

< =YAdse w2t yEReEd, _}@%% SEFE 9 ZolZ 10008 FAAT7|E Ao A
HAES 24d W Heves 2AFY BES 23 s oumgt d A fHojof s
Aol FHA =1 o5 Aoz Ads & 4 A "ok F, el FaAldE AAS H
22 B 5 9tk

et 22 5SS 7HA= PISA2012¢] SEHEEFE 1Y AHES =dl 15.04%, =A
11.77% ol et & M9 AYEES ] 35.84%, 4] 29.84%°|tH(ZEAT £, 2012). A
A G fvete] HEg HuEd s W, Syt e UgERY 22 AYgES
e AT o= AFEH7INE E3dolE CBAMO E¢o] Hx= o]zl ZlojojAa 19X
WA A E3] B 5 Qv HAFe] TFoEH T FEd WEY el fEvE gAY
SolAl 2 g zol flNes Ao AR, AN sko 7 o] Fold CBAMCl A= 7 3FH

Aol o oJFiE ofs A Amze ol Folaty] Wil vl
o]Fold HAEFEL ot o Yoz wWaE oA} gal malth ¥ AFE oA
A Al GFEE F7hE | ol A A

B ATAELe AAge Bl g
A S % AN S Aol Tal e § ] SEH daa 44

712 skl

3
fl
Mo

4 MEE EA=

Pehkonen(1997) & ®Ale] &% 48 (507 A48, 24 )3 2% AF(raeds 2ol
w2 SASE NG RA, S L BE S ggel 49 2AS Y wAdw
gelatglidl, oo mew AAY 2uUTRe BT ANY EAGT B 5 Ao A0
F3 2, AFAA999T 1A% Q05NN AFEAE0] AFE W BAEe AN Tawo

10) https://en.wikipedia.org/wiki/Invariant
11) https://en.wikipedia.org/wiki/Path
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Exploring of the Possibility to Construct the Items for
Computer-based Assessment in Mathematics :
Focused on Fence Items in PISA2012 or 2015 within an
Environment of Dynamic Geometric Software

Lee Seo Bin!® - Kim Sun Hol!¥ - Choi-Koh Sang Sookl!5

Abstract

Since PISA2006, the computer based assessment in mathematics(CBAM) was
introduced for the first times and at last PISA2015 used all items in CBAM for
problem solving. In this study, we focused on which important properties were
considered in constructing geometric ‘fence items’ used in PISA 2015 to find the
future direction over our teacher education, especially for constructing ‘computer
based assessment items. For the purpose of the study, we analyzed the fence
items on three components such as dependency, invariant, and path found in
dragging activities, within a computer environment using the dynamic Geometry
Software, GSP. Also, for the future, we provided an open—ended problem related
to the fence items, which we could use as the merit of computer—based
environment.

Key Words : PISA2012, PISA2015, Computer-Based Assessment in Mathematics
(CBAM), Computer-Based Question in Mathematics(CBQM),
Dragging, (Pre-service) Teacher Education, Dynamic Geometry
Software(DGS), Fence Item, Constructing an item for CBAM
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