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/

20

201941






S
AZRs F A F

o] EEL REFHA AAEROE AT
20189 12€

Al=thstal sk
FRLEH FHLGAF
3 5 9







ZEzE

=4 FHAHE Hlw Ao Aol v FAESe] FI8IY
AH = AT, Fote g AYHd 99 A= 9A UYEET o
o #dst] HH T4 H7Ee FAHZQ SHo] AHAL, TFuuso
HIHAA 7Y v olok ke FaAevl Fobth H wEd 2015 A
wEHAAY FEO WEH, 5o AAS FASeE BUE Asbsta, H
7t AFRE Z8et wgstE A5 JfAdske %”% Folof
AAgTh oleh o] stFUE AH U ARSI HRE AFYE F
A= J"‘7PE @/\]o}o:] /\}9} A BFANA Eee _,_010]: g Ao
= TEUE AFH gk AAT BRE

&3l wAFe} 51“3 EFA =ve £ F v BUFE Aokt
Me olg3s Hriel wWH Jhed JAAIEEFH(Cognitive
Diagnosis Model, CDM)< HI&o® 3 AXEFH7HCognitive
Diagnosis Assessment, CDA)E T =Y QJAAGHE FAZRSE F4
slo] AlR3EE AR LA WEZ B3}
A 9Es & F U 5—}%50] o &

AANGHIE o] A as SDHHNE BAHCR FH57] o
wol o ggAel U@ A7t s ARdn 53 mgAgEs
wao] AAl B2E HolHE Uvh} I YehlEAE omsisd, A
Azl ma-dolE ARE AFE wHolHd HEH AANGEY
g 2ed FHE Fo. AZAAY wE-volH ARE ATE AN 2



0
Ey,muko
. © O o
ﬂ_.muudw o B <
F gﬁggwwf,
qugx_jwcx%1 ﬂmmﬂ@
< - u! ! ]
ZM st uct Uom.mu_ ,w:ilﬁl_o WQMMA -
a5 W 1 mEMmE M Rl o w R
mﬂztﬂmL J| ﬂﬂ]_,mﬂ ,.umo,,._w,m_.,._ i mﬂﬂﬂok E J,WJ wp
ﬁTAT%m}L%&ui}faa u‘_onM%.aﬂ o
T R mh_s%ﬂ o F o Afmlﬂﬁa EmomﬂaﬁL
E%mﬂoyﬂlhlﬂm @E_EAT__L@@1L o somoiﬂ
Luu ﬂu@dﬂoonwm aaﬂn_/nﬂuf7m%“ ﬂomﬂur oo
o Al o w nh o o o wr = B Mo_. - o) % of o ° g
x_.q_oniw ol dw__m@aa du.mﬂ]ﬂue_ R ° ﬂﬁmaga
ﬂ@szﬂLﬂﬁmw7ﬂmﬁ W%M_:m_u“cm_ﬂo_e Wo%moaoog
p—— 0 ) ~ Q ]_O
%%mmvb_;ﬁ W o %oaﬂaf@gma R
|- o oo o N b Ne o T . m ) X Iifo ]
w o X B ® ~ 5 T % B B % )
—_ Otutllm_-_l_l o TH AL.AUH
AE = X %ﬂJW] S umud.qolwﬂ ]7odﬁ
d@_;yﬁn? % T % T % ® NGNS
N N = = o o o o ) o oo % S0 O ot X
ﬁi .,m. ] QZT__O Qm_o,_lr,ﬂ;omﬂ_u__o_l*lll ﬁiLy W]
w__f o M\_,‘W@%E—o%wﬁl st ‘I_EJIHO‘_@,I < R° AOMZT,_%O"_O
K .UM ® o mmu oy qj_m + ®° o ° o P o 2 mw il o i
fiTe) . — L
oﬁa ,un,._ouﬂ%mm.lymﬂo.o Ufﬂ@oﬂ_mlﬁw% %EO ZT_ ﬂo&mﬂ‘_ m_oow_/nmm
oﬁﬂaﬂuéﬁtowﬁlv_ﬂ7{1ﬂ$ AT o o
— -~ ﬁ;]FL. o]L. J| wAEﬂ_
Emﬂr&eﬁmﬂeeln@ﬂ;ﬁl?%oﬂ} W;% @ﬂ@m@ﬂ
@omﬂdooﬂmﬁmogdwufgmﬂoa% %w%%%w
Mwwgomm&momﬂmWM? w_mzmﬂ_nsn%moﬂ O_EWH%%%
X ]O
Mﬂgﬂ%mxﬂfrﬂwww%mozﬁmﬂmﬁﬁg wmwﬂvﬁwg
?}slaeazlgaﬁvﬁn@}ﬂhmmzlaé o Eoﬂﬁ_aio%mﬂ
) %E HoJl]W;o ° S = op T o
eI v d‘%ﬁ ;orAI.Mu.I_.ﬂ _.EOﬁ d:]m.ulﬂo
< o = " ) B W 100 ny o S ~ o o <
o7 < 0 N 3 W o
W?%%@ %mmmawd W_:q W
5 o N ) 2o S = T 3 o i 0|
o c3 Iwaréé bR E
JIZ._ﬂ_wﬁT,I;ﬂmM,ﬂXd‘MO ﬁL
ﬁiﬂ# Aﬁmﬂi W o))
frm%p o W
_ﬂ_ ;OOE_E]\AT
utc,ﬁmﬁ__%ﬂo
o)

-1 -

9 Bg

=
i=]

e

S

S
9 ]



1 2017-29385

3 W

- i -



2 A et

SECRIL WancsaL |INMVERSTY



T | 1
Al1Ad AT 534 3 H84 1
A2 A ATFEASY A7 T84

P T T [ T [ ——— 9
A1 A AANDGEH (Cognitive Diagnosis Model, CDM) ---esseseseee- 9

1. DINA (Deterministic-Input, Nosiy “And” gate) & rweoeereeseeeseenss 11
2. DINO(Deterministic-Input, Nosiy “Or” gate) & weoeereeesresnenens 13
3_ ACDM(AddlthG CDM) .................................................................. 15
4. G-DINA (Generalized DINA) FE & v, 18
Al 2 4 G-DINA 239 =5 +3 22
1. ¥ 3 )95 578 (Marginalized Maximum Likethood Estimation, MMLE) -+-++++-e++-+- 22
9 G-DINA F Y] MA BE weoreerererusreseemsesseeresssssesesesssssesesssssrons 24
3 A HQ HE O AA T coorererererereeereressssssseseresesesssassessesessenns %
Al 3 4 Wald A4 28

T A — 31
AlA AFHE 31
A 2Ad AdTFEAL 33

1. RO AT A e 33
L1 09e -8, 23 % 27 AARAE A A e 34
12 A9 Q-BY, B 7 8ok A 8% 3 A 36
13 Bah T2 QT coovmmreresessmsosersesssssesesessssesss s 38
14 B33 /0T 710 AR con e, 41



2. Wald SA &< ©]

68

68

71
e 8
Y 1/

I9% QeuaB8

P
ST
= i o H
A

T 9

) ;B
N

Ul
o M

R

—

b o
A

A

a
=

LBl 8T

o
op
M
xe -

1. TIMSS 2007 <2 H OB BA AT} v,
2. &A%9(2016)2) LHHOIE] EA AT} e

4. TIMSS 2007 L2 OJE HAD v,
5. 22%(2016)2] LHHOE] FAD wrrveininneisiseesssisisssssssiees

A 4% AF+23 -
Al1d E2IEH 23
A 2 A AA boly A5 A

A5 F =9

R

_Vi_

Abstract -



T

T

T

T

T

E

2-11 K;=3% W TAZAL =¥} G-DINA ZFO #FE
BFE H] T ceeeernrersmenneinr i 21

3-11 AA AdA8a 57, E&elA 7= Ax8a 2749

Q-TY B e 35
3-2] AA dA L84 5, 2FAAA 278t AA L4 7Y

Q-TY & e 37
3-3] Lee, et al.(2011)2] Q-3 H LY T et 38
3-4] B3g 729 Q-3E (Lee, et al.(2011)4]

Q-3E A W HEE) 40
3-5] ZF EO AT Y Q Ol s 42
3-6] Wald EAFS o] &3 28 M HE dA] woerrn 4
3-7] Lee, et al.(2011)8] Q-FPE v, 46
3-8] Lee, et al.(2011)0] AT AR L A ervrererermniinniniinnne, 47
3-9] €A 9(2016)°0] AT QAUA QA v 48
3-101 £A49(2016)°] AT Q- v 49

4-1] 229 13 29 BAHEHE Wald TAFS ol &3t

B AE] HIE e 50

49 RBG 33004 BReIA LTsE AXas Al
A

e AEdEFEE Wald SAFS °ol&FT =¥ A9 #l&

.................................................................................................. 56
4-3] =29 A3 M s dA8L ViR Wald
EA S o] &3 Ez‘sé] AR Q] TPR eeeeveererrererencsnesnsnnenens 58

- Vil -



[¥ 4-5] 243 3004

¥ Wald

66
68

[ 4-7] TIMSS 2007 SHH 0B 24 AT} v,
[3 4-8] Item ID: M0411647F 873}

)

(Lee, et al, 2011) -weresrereeressmeersemsssessessmeesesssssssrsssssssssessnsss

4-9] AR 84

)

Z2ad¥ TIMSS 2007 4 HAAA 6

®

[

W
!

fvzel

o)

[# 4-10] A L4 Z=aAdE TIMSS 2007 4 AAA 1, 21¥

71

ild

72
72

2% (2016)8] LEE 1B BA AT} e,

o
Ras

[% 4-11)

A Q2 (A Y, 2016) weererereees

Ql

)
—t—

[ 4-12] 5

A Q2 (A Y, 2016) wererereeee

A

)
—t—

[ 4-14] TH =&°] 2+

[¥ 4-15] QA LA Z23YdE 229 (2016) AAA 7

UA 22(&A9, 2016)

E

[ 4-16] 20

e

[ 4-17] LA

[ 4-18] <A

!

fvzel

- viil -



............................................................................................... 10
2-2] G-DINA E3 4 I DINA =¥, DINO
23 ACDMY EaHFS3FE0Lo] FA| v 21
3-1] Wald EAZLS 0] 83F 28 MElO] of v 43
4-1] EFoA 873 AA LA /e da) YA E

Wald A %S o M ER O] TPR eeeeeeeeveeeeeens 57
[ 4-2] B89 Qo] G2 Wald FAFES o188 =8 Helol
TPR W3} - &M a3t dAas e W
g} ZAAF AR B e 65
[Z28 4-3] TIMSS 2007 Item ID: MO41164 ---eeeeeeereeeesereeseresannncnnnns 69
[28 4-4] €A S9(2016)2] ZAFA] 5 HE&F oo 79
[28 4-5] €A 9(2016)2] ZAFA] 7TH E&F oo 74
[28 4-6] €A 9(2016)2] ZAFA] 20 E&F v 75
—ix -






Al A

A1d a7 B4 2L Bay

Sl gl So] TIMSSU PISAS 2o ZASARHAEH oA 4
3lo] oA FY HHATE= HA9Po| ATk 28 o gjE Ao
AA=E el MED s & 7S, 2016). 201546 A
AgE TIMSS AR IAME B feuyet 2estal 45hd 3 S 2%
W B S8t AFH s 42 4970 F 3909 39 F 291 AA
StAA N, 8 ShFol W Fr e AT T AYH 99 A==
25w 48hd A A 4= F 47-489], Fw 28hd A9
7% 3= F 35-379E AR Mullis et al, 2016). =U<& 9
(2009)= Felvete] A AAZ d93 FojF I A=Y AA <«
e wie s HolAN, AA| AHAAES S JAXH I93%

18

Aold FHL & Ao dv AR ¢yA due HE AL
ol JAAAH FHdw T A= v wKol F AAEES AF
o FART

3 e dF, AFGFQ018)= AA tuw FAANA S AAH A
HAowE #AE 7HA T BrEr] W& Sug dhdo] AT E
gotgol tig St A, =4, 37 T AoH Y49 A4E A
o BAHZQ #HIAHS Jehdty FAFT =3, 1A (20062
7vel oJsf StEErI7F FEEA BUE 2 A AFeAs Brke g

2 Mg S8l B AAE v oferditta F A=

Bel B 5 Aeld ol BRAA G WAH, sw
5 x4 9
AL AFHT Q= A BAAA) i LA As)r} A7)



= & By A
7 FEA g 592 23 5o AL AWNES a1, %

E Assl FAAEe wSgol A3 gl e AFT F hojoF T
.5, FE7E Aok Bk AdEE %5 AL fdste
oA Hojut Sall& AF ol the A4A
FoAA E5 & T AojoF T
7= Abgoll oA s EHT] ol FaEE < 44
At EFE AR &
BITHAE A, 2018). 28 FAZoAE
AHsAEA SAs7] fal F4H7L AGHIE 5o HAE o] &3ta,
A/ AR B FAE0] S HES AdE AHAHA=A thal 3
7heith, 2@ AIZHEQF A AFo] &(Classical Test Theory, CTD3} &%
Hk-S-o] 2(tem Response Theory, IRT)& FH HIIE=FE AL&5Ho] gkt
(de la Torre & Minchen, 2014). o] & HI7FA o] AFEHI U+ &

o

r;‘ﬁ
mlm
offt
ol
==
=
>
>
to
%
o

Furgol2e AL 58 A4 9o AUd AAE Jee A5
Agated, of AeE stle) sHol fF BAAAH o] Brjal
ke A%

o oS =0 w8 AAE AAYE W, 2ol Ee] Al
E 99 3 5ol dg By sbsstA Ak olE AHAEk] 9

Uiro] 48 B HEsE AdA/s=E Ur%oi AALAE FEA=A
F58HA ZAEA Oﬂ wet R E EFstA = X3 oHFinkelman, Kim
& Roussos, 2009). 71E BI7tETE 8o FAH L AFAH <
Z] FHe g Frte E7H5E “HE—OH AGAQ EEZE A3 Al

==
Hol, 1A R A

r$£
%
(@)
(@]
5
—
o
=
=
(@}
ge
—
D
(D
[\)
(e»)
)_A
@
i
o
rfu
=1
o r
Y



g o]&o] WA HA TFH AHA S FES 7S ste AR
&2 & (Cognitive Diagnosis Model, CDM)o] *=2]%7] A]Z+3tHde la
Torre, 2009a). AN GREH L2 StY o] FHS AF AA 840 A A
Jd Agow AAsta Z JAA QALY SE/vesE AR Fo HEE A

ATE F, MESIE AA Q40 g =l U 7E
JFg-o] 2oy aAPA] 2R T T A0 o

(de la Torre & Minchen, 2014).

¢

e
4»

o Mg o
ot
I

o
%0
o

0

¢

Ql

R
™
uv)
td
o
o

ZlWro g2  st= A @3 7HCognitive  Diagnosis
Assessment, CDA)= AHAFol Al ZF &3 tigh o] §H3S EUE &

)
Fe slAsted eTHE X e $Y EE ST ofRE Z2

oo

d FEE AFste A A =¥ olth(Tatsuoka, 1995). Al&3td QA
840 tig st s/uad 2RI L JAS ARt WALR &)
o5 Stgol ek oW AFSE 7 Y, Y 2225 Bele BE
g RES MEn FESE AAHE T3 AV FE dEE IS + A
+ 5 IgSHE A 98 T F o ARG REYE S R g 3
ARG F b= 1 533 A Brte] A= 7heAde AAdeH,
AXFF7HE S8l AALAEF 3o g vhg Abole] #AA ] tig
7H el wet o2 7hA] JAAX @R F o] /e AT

AA ME JAAXNGRF LS A dubd] Ry FA R BP0 E
Us & Aok dRbEQ] g2 QA aie] FaAe} A QA IHY A
528 33 BFE A v EPo|th. dEbEel By d2+&

G-DINA(generalized DINA model: de la Torre, 2011), log-linear
CDM(Henson, Templin, & Willse, 2009), GDM(generalized diagnostic
model: von Davier, 2005) So] ol FAZel 23P e UxHbAel w3 o
Fezg e gle AoE dAstes 5 5AT HAH S0l gl A we
oAz BYES ouisty. 7FAFA B¥ o 2= DINA(deterministic
inputs, noisy “and” gate model: Hartel, 1989; Junker & Sijitsma, 2001),
DINO(deterministic inputs, noisy “or” gate model: Templin & Henson,



2006), ACDM(additive CDM: de la Torre, 2011) S©°] $l&d], DINA =¥
S FFNA FtE (I LA BFE s 2¥¢S HE & F A
o 7F3sta, DINO 282 E&oA 2F3te dA8A F stvas
sgstd £ AT & Ao 7HEET =3, ACDMES E3ollA
L73%e A 8L FollA drtyt stk wet £3E HAY
UE FEo| Fepxitta Mzt

A GG 7 AN ST ES FF ARERH AAIGEEY Y] RFE
FAstal ol o] g3ty TFA9 A LA FY ARE FGIT ol
o] FAo] BEeA dotr7] 98 EF-tlolE I =(model-fit index)

Z o] g3 tHHu et al, 2016). 9714 B3-volg A= mFPo] AA
#ZH HolHE 4ty & Ul =AE oulsted, 857 0=
AL Byol o odd AUt A dFE Aot & gevs As
ojmgttt. dRkAQl BEFE FAZ] By HlE ¥ & EF-HolH
HAPEE HolAuh UubdQl BEg 2 VA& 47t Bol 4 Ao A
W FES a7sta, W FAH By BT PEERE A ¢
HEZ Rl myof e} g FEfE Wl on = M-S ThestA @
tHde la Torre & Lee, 2013). Z} JAAXGEFH LS o] 7R = BT
MNerE 23, JAALAE o BAE 924 7HAs ok 53] &
2o A7I7F AL o, dlojHol Age FAAQL JAANGEY S AHERE
7578 bl JIAXNGEY S AHES AFET JIAZERY 279

Agzrt o =2 A2 YeElgtHRojas, de la Torre, & Olea, 2012).
JHEE JAAXGH7ME A do] AT AAIGRE S &85}

l

Aol U@ ATE gol AAHL Utk e 87
e Ad4 S AFE AT CQui &

Leighton, 20097} itk ol & So Stalo] el sk Bz 57,
<% o

S A4, ek A



i

= A$7E A2 F ATHAIZIAL, 2003). ol A

W

S
=

3

A

7tel B

fou
T

o

olo

o

A

Tou

)

—
o

(dl: Chen, de la Torre, & Zhang, 2013). ti

o

fred

Njo

(&

=
=

At} o
B 22 422+1, 22 4+32+2=0, 2 +42+1=0, 2°—22+3

;{EI

0°] vl 719l

)
XK

)

o

s

ol
s

+

—

o)

i+

L

_TOE

&

7ol

At wepA o] 32 DINA

02

)

22 +d4x+3

ERE R

s
PN
T

Nfo
q
o

0

I
J|J

—_
o

DINO

1
R

DINA =3 HTh

—_—

e <

s
)

S8l AR Al

o

3tth(de la Torre

olgtar

A1
ax

3l = (item-level model fit) &

]
& Lee, 2013). AAFA W9

0



T =
ok WWMMHTE
];,A —
A w_mwzle_emEVL@4
o s ﬂ;u}ég
o Amﬂhua_s Calla
: Ta&%éi@gA}q,
Al Qmam m_muouoﬁxa_ewr_
i %%H?Wﬁ%%ﬂme#%ﬁ
~ Sii%ﬂlb@%%ﬂm% o]
ﬁo %%g%?Mﬁ]?A o K
,DJ c;loﬂﬁﬂlﬁsoioﬁﬂoaf,m”ﬂ ‘Eﬂm‘_x_:l]
= L_,ol __oufdoﬁ_fo7ﬂ ﬂoﬁwﬁ
;%Eﬂlurm = LS 9 F
[ Lgé La_J m X 5 mﬂaoo of =
xqzﬁp o %WWEE_EH . }LL]__ol
ml;% T3 _gom1¥ xﬁnoﬂu%gu?w
o iy Lo,m.%ﬁ _o% P w WO o
@ﬁAEﬂE;_ai %Lﬂé }zﬂo_ai_%Ao_a;
&OHMQWDTEWWHEMO d.i%_oo_om_emﬂ.
ﬂuu]aﬂnmﬁk_ﬁ_.mzlﬂo:_ﬂkﬁ; o#mnEmmbmnoEd;
Qoz% i 4%%ﬂ§@ Q;A&uoxmm
TN o 4 e Ca)
¢ & I < BT G = ! dom G ! 5
oE1LonoNNro£LﬂoEooE5ﬂ 0 Q“_u,ﬁﬂﬂ%e._o_,_m?
ooﬂ_JE]ﬁu,]uT wmoﬂoﬂ On_ ﬂulmda_n:c_e#oic
E§f%gw @MHm%ﬁ z 5 FAED,
@ﬂtmmwmg:wﬂlw ° ai;??ag
< uwumwﬁrar.é,uﬂa T ﬁ?&@%] W
ﬂo_ao 5 L]afzkéé mwﬂnou@ﬂ
m@@wlqw@;&.o s MU }fleqyﬂu
qomug ¥ % #;@Egu o _z R
o) \_IVNM ﬂ_l Y ._O,._ ﬂ A_l Cx_ 0 EO __OM du.._ ‘m_.bl ﬂo O_ ~ \Nﬂ Iy
%_ﬂw%ohﬂﬂl Leaaﬁéawo_} & ho‘uoﬂ.eﬁ.szamowao
@Mm%?%%wﬁmommﬁowﬂamw = ﬂ%ﬂ?ﬂ%%i#
N L — — _ X S = % 5
urmo@NrﬂHHATﬁﬁaEtEEEE%m._u nh wwmﬂaeﬂ ﬂowmﬂe
JUaoo o o mAﬂJﬂol_w xu‘ouaﬂrw-;rﬁuoaa
7E]ﬂad.ozt»]1_ m&. Jl ﬂﬁou,%o_oJ;oof.HA?
oﬁmE##vzad I LR %ﬂeﬁé
Wﬂrﬂolavﬂwweg fdlz.ﬂ,;‘_,z_' EE_E
Lﬁ_soz - _omManE} i) <
1 T 2 = o N p ©l
L o b H;ijag
dl;og ﬂuﬂ o*uHTﬂ.Lmﬂ
oo N 11rﬂ p ™ T O
M VL%%HSﬁH °
ﬂ X ,IXM AT| T < ﬁrE ~d o_a o
= D wnuflgé
4 0 um,ﬂ%
E.ﬂoﬂ mﬂobr
Laob}tﬁ.iulr
;OOLMW:;O
O)‘A,.“\HE
I

o17] &

A

ey

3 A

9

1A 3
| &8&=7] 9

o

AR

12] 7

o
v

) 2o



A

ot

9
yil

7}e] EfgAdo] B AE o] of

#}E]'_T’_ 02] 7:] ;(] E':]

S

@.

]
)

W T T
paEHAN AT EE
& M o O B oW o oy
A R el o s e
g T s ST O A
i@%zae w o X 30 5 M B o W
o A = 7o g X9 g o = c oo WL o oﬂ_ oo
TROR oM O =ow IR T
W9 X o o do M ! 2 M OB
N kB T Ao O 5z Pl E om ¥ =
—_ 7 A )
G o KR s < =~ T gl X il ﬂroﬂMﬂmzuna
o 1 = M o T < o U P = M_.ﬂvnxOon_
w X T e {F T o o o 2 T U oy
~ o 4 = 4 ) = T © e K g e =o
B mﬂg_xb X o ° . o T = o o X W
o - % w X o = R o N N oy = 5
o_a_aLﬂxu = H T o EE_EWWO
,_._fm.omor‘_ub_‘._ MLO Mllﬂx = Mﬁ Jﬂlﬂ Of MOEFL.@ JtH‘HOI_oOn_
PrwE e 2F : 2 ® SEB s e P
5 L Gl = w4 W%ﬂog1@1%
—_ " i — ~ ] —_— ! fuy
Wuf@m%mﬁ M%_UME 3 m iy x%%%%.ﬂﬂﬂ
g9 X s B oy YW < B X P Ty
= - , o = y
T w V2T S s % o T TEL
5K T > * B p: F o P &
T 3 A S oo H o E D
4 JJ M e o it s oo o 1 il 1_.w.u ~ op © P R T X !
5T N N T oy = 8 WF.__o TR 1) o XN N o=
onw d.ﬂ = ut _z_l ol ;l wﬁ‘u_ﬂw ﬂw &.,_ ~ X ,__m: _E Ma a\ Eo z,* .x|1_
T K _ | roa o) = o T T g X
m%u%omeﬁ@ﬂ o% *ox =z _ﬂ%ﬂgeﬂ#a%m
XOﬂnOﬂ;o‘l L.:n._ OUT7 ﬂ.._:._._onmﬂqwog
T o= oA A T : oy o P wox us W= Mo
R B o N TP P R oo T3P G
= M = JJ oo N ﬂH]mﬁ A S T ® e
%uxﬁ%ﬁ_aﬂﬂ#%# R Ll A )
XIES SRR il T pEEhe ek
= = X T = g R - " e
xLo,m?oyw7w_meﬂq Sy SX¥ ahx%_fmo% i
X~ o~ ) = T Ak T % P o Wﬂl?
— . ],IJ-O,.:LO\_&O
z_.\_NEn_Au]EE
q‘uanmoi



s
)

tlolE e} &2 F2016)2] LA}

o}
H

o
[e)

1

&oll tisl AR Wald SA Zoll 2l
Kl

stk o). 18]ar TIMSS 2007(Martin et al., 2008)

S

=3

of 4 HAA e o

A 29

=
=

3

=
o
SFA
S}

s AT
430

S

S — T
do .. 2+
._OL ;00 OL
o B AR
i
boox
o M W 0
m o= o

AR O® g
o o ﬁ;.ﬂo
_— =
dl__,o‘ul’
I
™o o M
\WLEEMVFMM_
"o oo X
B YK
<o X G
Yo T o
o= X W
K oy o X
o T
T
o ® oM
< M
R W M T
™ 5 &R

Pz s

9

S st ATEA 3o '



Al 2 ol&3 W7

Diagnosis Model,

1ve

1 A JAAIFEFH(Cognit

Al

CDM)

o

|

of

ANGIA 7

L
)

%7}

o

]

wgolr}

s
;.OO

il
ol

-
1+

o
<

4
oL

o

o

el

[S]

A G

(Tatsuoka, 1995).

& Al

2 %

o)t

1
T

°] 7HA

[¢]

AA NG

ul, 2013).

Ho

o
=r
b
"

Hlo

O

X

p—

0

A},

a7 UEpol

HA7E &

nxX KPA(n: &

=
=

e A

A QA

K A 249 )2 Yehdti(Tatsuoka, 1983).

o %,

&}

AA L

FEA
(238 2-11% 2t}

00.%
o}

KeR
=1

il

——



-G R4 3 A o34
-2 14] @l 1] 14
axl | ex2 | ara| a4

1A} A

Hatg a1 { 1 [§]
QAR LR w2 | 0 1 1 0

33 _—
W s oy | ) 1 0 1

= za | 0 0 1 0
g ]

e 3 0 1 0 1

T

JANGRY S HAAE AL wol= A Q-FES & + glom=g
A7 dHolBE E4E Wl 893 Q-FBS ALsfoF I Rupp &
Templin(2008)& A Fa3 A QART REs AP Q-FEE&
AHEEEE RIA| 840 BF 3 XS] HAEEC] I FHHI, A
Fa% AAQLEY Wo] AFdE Q-FES AHEsHH A8 4o BF
SgatA] X3 A ES AgEel I FAHUE AL HAYT oFE %

Aol A QA TaEIY FHo

o
>
Dl
ojo
ol
ol
rr
N
o

ofy M

ko
= o
£ 0

e
AT7F
de la Torre, 2008; Li & Suen, 2013; Wang & Gierl, 2011), ¥ 7oA
+ Q-3 Zo] gttt 7Hgsted A5 AP AT

SA AFE vkl o] AAA Y JAANGEF o] sl on,
A EerAEl 2y FAZQ BYPer FEE F Uth

OSL
ol
>
o2
il
3
)
rH

kel =

o] o2+ G-DINA(generalized DINA model: de la Torre, 2011),
log-linear CDM(Henson, Templin, & Willse, 2009), GDM(generalized
diagnostic model: von Davier, 2005) 5°] i, FAZQA Ry 2=

DINA(deterministic inputs, noisy “and” gate model: Hartel, 1989; Junker

& Sijitsma, 2001), DINO(deterministic inputs, noisy “or” gate model:

_10_



Templin & Henson, 2006), R-RUM(reduced reparameterized unified
model: DiBello, Roussos, & Stout, 2007; Hartz, 2002), ACDM(additive
CDM: de la Torre, 2011)5°] ATt

o]z A AR XTFr3 o] Thefsk w

=

= =
o BAE vFsiAl Ak ‘D} w2} A ‘LXPSEPE'J'%% Z|dke.
o

=R
AN A Aol AP AAARRE L A}%sﬁok sk,

i

DINA

fd
= ol

o

Mo Lol fo o
e e
lo

% N
2 3N 41 o
£ o o
o N
Mo &

M

=2

z

f

ox

)

o

g

(02

o
<
o
1
+
%0
o

. g, iy <1 o1

of A, g8 BF 5o guess B, s,& £
jo slip 25E n@th 9714 o < Lo oy b BE 10| ofd A%

£ Uetd=t, ol @A £l 878 oA dALLE F 5t

_11_



JebE SPsty 9X 2E ASE dv@th o Al NPt 23
oA £ B FEL g, FE3e] HAsHE FEo ok WU NJA
W

L S@AT B

P(Xy=1la,) = (1—s,) g " 2.2)

Aoltt. s,
oA A7}

4 e A
ot
]
o
v
o
Y

Ll
L O
o,
e
k)
I

S
fr
N
N
o
ook
o
o
=3
o
oy
o
=
2

at g o

<
>
>

=& jolA a7ste dALart I B9 s EA e 3
Aol A ez dal AFATE M F de AALLY Z2a,)S

(0,0,0), (0,0,1), (0,1,00, (1,0,0,, (0,1,D, (1,0,1), (1,1,0), (I,LLD=E ZF 87}A

ASoh 3 WA FHe FRUWITFANA F AL WS JYPS

 doAE Feahe AuEA 87tA ] dAes WE F (LLDE A
A BE Aol o < 1,0 AEsER (L1LDS A U 7714
Aole A@FA7E Bl A 98 &E°] g7t "tk ol DINA 23



o 7O = 9 dA7F £@olA a7sts dA8_AE T stuetE 523t

A Fstd APGATE @l A 28 #FELS F55h= FEH 2

© A< Ardn. aEal dgAte] A s

HPA7E 2@l A #8 FES 1-5,7F HEE
2

>
fo
P
"F
‘0
N
fo
b~
Call
—r
Ll
4y
-
52
N

frh %, DINA maolA 7R3t Qe uhel o] MyAE BaolA
2TFFE AX LA BEE YT Slojok Bael A 9T + UL,

7 % SugE 9 Ragd 2id £/ 28 & At
Gl = 5

AdAolzlel  =dHd  mYolgt=  wEe] AA4E UvkHenson,

Templin, & Willse, 2009).

2. DINO(Deterministic-Input, Noisy “Or” gate) =3

DINO 8¢ B4x B8 3 stz 7% + Uk DNO m3e &
oA aFsE oY AL F FHw $TAE BFS 2F F 9
o1 7448 Utk @4 DINA m@e) 7bAs 99 99 Axasdt
Sushd 29 0 AXess RydEtn Hgsm 9y HEo)
DINO 23 & R4 mygoz &7 & Aot DINO =39 w3uh&3

_13_



, -~ if a, =0,
Plaj)=1 7 v 2.3)

I—=s; otherwise

fo
4 o
ol
rlr
rO
B
fo
b~
=
o
ofy
&
oo
>
o
N
N
rlr
ro
N
fo
b~
=
Ay
2)
rlr
g

F jo slip BEE U@tk A7A ;=08 o 927t BF 09
S Uit & 9@A7 BFelA aFeE dAak 2
& e 2 £/ 9 FEL g, FE%E &

sao] BEgeld aTshE ofd AX LA F shie

=
3 Yot Bl A HF HEL 1-s, A5

=1la;)=(1- sj)w’jgi»liw”) 2.4)

_14_



RRAAR B oA aFss AXeart N A4S e,
@ 3o AR aze Bl MNPt S & e AA 8L 2F
(a;)& (0,0,0), (0,0,D, (0,1,0, (1,0,0), (0,1,D, (1,0,1, 1,1,0), A, LDE F
8714 A4tk A WAR AN DINO mge] Eaurgasold nm, 8
Al ek WE F 0002 A9 a =00l APV F, 9
Aol QA as WEZ} 0,009 Aol NPAT BRol &7 B %

2 &
e g7b Gk ol NYPA BReIA aTHE AXLsE AR ST

A X 3 Aol @A £l @A 92 gdES F55= FEH
Zoldths AL gt (0,008 A UmA 77k A= @A
7F oA aFdtE JIALA F Aok s 2T A5 vt
=, o] Bl AJ@ATE el &A1 §F FE2 1571 Aok F ¥
AE AAE DINO RFe| eIl BH, (0,000 73l

o
S

wy =00 HERZ o] o] AP} FF A EF FELS ¢71
o 28 A 00,02 AR UmA AeolA s w;=10] HEZ o] 4
H@A7F @l &4 78 &

=& sl A 9 FES yehd w, DINA 233} DINO 232
AA 847 #AE A3 th2A 7Hgsta Atk dHAEE DINO 23
= 2 2Fol F MY 2y s)E VM EE DINA 23 vpzirhA|
2 =

3. ACDM(Additive CDM)
ACDM2 <Al 57 DINO =33} DINA

A=l
¢kslA YEeEdth. ACDME #&wHs34= G-DINA &
FoA & 4 J=d), G-DINA 23 & dutzel mg oz ACDM o]



(2.9)

A 10] 747

J

<
=4

3]

=
K3

W] E]

ttt. ACDM&

Sl
A
o)

*
lj =

of oFaLA}
A71A o

oKW B o omw o K- I T
LYY T s gegy IS w
X M REOWpow oy T x S W
£3 N - = B~ N T = —_
TEJrETRLY Toxw
o T = =AY X T =
o s _ _ 5§ ° 2 °
W omwp BTE S ¢ WX gr
,_LC%EOLL._-A“ J.uon_ur_
Moy B < N T x B2
< = T x4 B NS
o T W e N T oy & L O o
w W oo N = ® XX oo .
7%ﬁj__17r%m®m_rw = os X
8 o= — o T o= R
5 S gy TR
LoLbOL M‘m-LA_IMM ™ qﬁo ;o‘m.‘_
E < S o H o T Mooy & W ow o
. = .
T D g B2 2%
A ﬂOWHOEME Cﬂor_g .
aoﬂllnﬁeﬁEMAﬂoEo_.@q
%wﬂnmﬂmjﬂixa,ﬂmﬁomﬂﬁ%
) %%ﬁ;ﬂm%?gmmo °
ﬁ = N ~ val
5imnﬁmaanmﬁ&%ﬂy.ﬂmfr
= R = B §
g XMW oy o P Mmoo N H gy
o W= do o oL 4w e
< o S g @ o P 2o W S g
A T g, wdWbs X & L
X *mj o o S A T B I U B w
° 4 % 8 P T W TR oo T ok o
W m oI R W o T o T

(2.6)
(A

<)

_16_

P(azj) = 5‘70
ZF 1,9 Qx84 WEZE (1,0,00 ¢S 7H4

9

Kok
=4

o]

=

=

’

tgog 9 ,7F AL 3 F A AR AA L
al

o}

]?:]__ Oé“:l, OZZQZO[Z3ZOO] %q— 11—_’%?:]_ ‘\—ilﬁt‘llxl— 127]—

[e))]
2R



_‘.
et
rlo
o
oo
£
s
v)

Ploy;) = 6,0+ 0}, 2.7

XN

o WMAA 7k TG jOA aTsE Axes F A AA
L4t £251 Ak, F AP 9 AA L4 e 0,0,DA A

B ap=ap=0, ay =10 Bk 1AW AGA 7} &
3 jol &7 9% FEL B Lo

o

Plag;)=0,+0 2.8

sA gt 2 S@A 1,7h B
A HR QA LAY SEEta
82 WEHE L0DE Yebd = I, ), =a,;=1, a,=0° "tk 1

e
g A 82 7 2% o A4 92 FEL o= 2o

g jelAd aFsE AALF F R A

s19) 4747 SIME & % glol, ACDME E@eld aTee ARk
F AP} Aot Setn gl mek NPt 2R 24 B F
#o) Stk ACDME AUAL YA s dAas 25E 42
Sta glojof B3l &7 ¥ # Aok sPYshE DINA BF3 2o

A N A
1 7Pgshs DNO BRRc: e 248 7HT 93, 28 449 714o]
DINA 583} DINO 5.3 mchs Sekajel 4zo] erslel.

-



72y

4. G-DINA(Generalized DINA)

(DINA =3, DINO

[S]

ARes

A

] o]
1

74

ACDM)#+=

[SR)

B

Ql

=5 7)o}

AA 249

}a glth. G-DINA =

S|

L
| .

3}

=& jolM 87

x4

=

oy
%

A

-
[‘7

Tl e @10

K’

L+
X;

K
5j0+ E‘Sjk;am;"‘ , E Z 5jkk'alk:alk'

k=1

K,

+6 5.

;1

K=k+1k=1

1

k=

P(a;;.)

A7} &

3]
=

714 o, )

A o] AA8x WME o) B

k3|
=

A8 aMEH qFAM £ jolM 873}

A 849 57, 6,2 intercept

- =
E:ﬂ]’, §jkk/f T Q

A A a].k.?,]— Qg 9]

—_—

N

._OL

ARSI ajk‘)ﬂ 9

, 5jk;k'k"

*

&

—_—

W&o, Q

1
) By

epd

& 2 jol el 29 2EE AT AA ek T2

J

a0 AEAE B

7H'O’] ?_].X]-‘C‘)'—d\— Qp,0gy°

1
.

5]‘12 K

(€]

G-DINA =

g

L
.

7FA

® ol

It G-DINA

S

4a

Azkel

G-DINA

o

4 G-DINA

ald

_18_



(2.1D

P *
(alj) - éjo +0
12 -

BN K
__MM K/ — _.5, 70
BoL% n o Bow A
. B © ol T B a
T T . e =
i > o Il [ T Bo .m_no o e
i o & i k4 KEEww
9 1.9 T o ° TR rlIy
M Sl < Ak e ]
~+ [ = o ny w W 4
4 o LE® 4T H%# LS
of o = & 1 o) ™ N Al Ly
z w P b w_amﬁm; @ﬂ%mq%
o " Lz_m&uwxg . S A gl
5 4 o < ° O B ) M ﬂge} Vo
»T 4 2k . 4 ¥F teg "
—_ L i) o Io) X ‘mﬂ m H i ,Nﬂi _ .Dr_._._ 5 /.Ik\]
T o5 m o T H < P By G s
K.J _1_.wo m,_ E . A - ,m.L Py : Mﬂ Zm = AT ™ ,i
o ﬂyﬂLT.g} - ,k,qfowausg
P o 5 % oo SR A + ®
o ~ ~ —_ ol mT Ly Il 2 o o o & o
?A*K.]UJOTO_O@%@ kauﬂﬂ I
o 5 W BT R AT
T M > I iR do & ! N o o Mﬁ o %P o B
r A o Lo ny o cU S S| m_.o iy X L oy
M*.JH = ﬁamﬂ_o_zﬂw < H,AmLmooao_ahmM
Y = = a0 _ . < o
L oo o M <° dru I N & o s P W
To° T % o e = A o T ™
uf2,M %;Amﬂ = ! HA?ﬂlﬂ
5T '~ zZ ™ i W W ° o T i
. T 2w = 9 + - = T o of T P il
N T = b 4 Mo Lok = Mo ) A
> S of S e
®m e g L ) % S oo 2 N A
~ . 0
ﬂ__ ) ﬂ@ixz ., 7NJM13
: z I R~ o] To - & o MoA o = 2
= ﬂm TP i o R0 - B s A K E
ﬂﬁw_oﬂqQ)ﬂﬂo_a kgaag_slkﬁ
CR = r = Ml o U
s A W T 2 GO N
N < o T
T S 2 oo ©
SR S o
O ‘q ‘I_,_Al

- 19 -



(2.13)

5]'0 + 5jk-l + 5jk2 + 5.7"61’62

P(O‘;})

olu, #1°] ozl DINO

Y
W

b qloka s aeE 9l

ses

.

o] A3 thes)

(2.14)

Ploy;) =60+ O+ 05 F 05 F 050 F 0 0 0

8+ 6, 7F A

FA Play;)

3

1712 &, DINO

HE

k4 G-DINA

oju
oH

—

Ho

g%, G-DINA =

1A intercept #k3 1A K

002 |33
ACDM<]

o

o

djo + Z O jxCury

(2.15)

P(O‘;})

k=1

532} DINA 23, DINO =3, ACDMY| +

b (29 2-219h el vhehd 4

s
5

8¢

5}

o %

wg el B

€]

G-DINA =

=
=

_20_



G-DINA 2%

General [ Saturated K] Kj Kj-1

"
P(n'['f} =& + z Sty + 2 z Spn Gty + 0+ 6}12---)(} ]-L[crf
k=

k=1 k'=k+1 k=1 1

&

Some Conditions

- |

DINA 2% DINO 28 ACDM
Specific / Reduced | 5j,,5),.. 8 22t 2 58 022 §u = 55 = - = Sy, TRIT 5.5 B HOltt RE 58 002
ki b Kj
P(af;) = & + 5;1:---1(_; l-L[ﬂ’ur g = =Gy = = (=153, P(ay) = 8o + Z Sjn e
k=1 a k=

[1%7 2-2] G-DINA =3 <] [RF9} DINA =3, DINO 23, ACDM9] IRFe #A

&AM a7sts dALa7F IHY Aol SA dFE Al FARY
AAFF=FHDINA 23, DINO 2%, ACDM)¥} G-DINA =3 3

s8] Feate Rlaskd v [® 2-113% 2ol YT 5 Ao

i
T

C’L‘;}‘;‘* DINA 2% | DINO =& | ACDM G-DINA =3
(0,0,0 50 50 S50 80
(1,0,0 850 8,065 80+ 6;1 S0 +0,
0,1,0) 550 8,0+ 05 80+ Si0+0)
0,0, 550 S0 +0, S0+ 05 S0+ 05
(1,1,0) 850 S0t 05 |G+ 0y+6,| G0+ 0,
(1,0,D 550 S0+ 0, | G H6u 0| 0T+t
0,1,D 80 Sjptd; |00t dptd|  digt o+t
LLD | 0+ 0,m | G+0, fg; j f‘isljg ) 51,2 N fsﬁ 3++5gi$ jﬁ} N

(3% 2-1] A; =3¢ = 7A#< 23} G-DINA =g o] £33 Bl



intercept #%(6,))= 2= DINA =&} DINO =& 9| guess R(g)9t 2

& g Ank 8o B3l agteke /1A 847t 78S 73 ACDMo]
A 27t Mol B2 & 278 B (g,, s,)E 7= DINA 233 DINO
FHoh ACDMe] ¢ B33 25 7HAle AS & 4 i, ACDMe| 7&
Foll A @78k A 84 a7t S71EsE O 3t Aol
wFdoA st A 84V VY o, G-DINA 232 2° =879
TE Zen 9@ed] 2 JieERE vl
H

o= 44, ACDM Rt 2¥je] E4E 2=t 183l G-DINA =3

el X o Lo
A o

P
0,0{

rr

L M oo ot o
jus}

AAQx% 1 TG BFE BT 7] ARl FAH 2
2 W o Bgsich AAADHA A G-DINA 23
FAsE m47) gol myo] B4d duE HolHE AW F4

ftlo
o

=
st 2= 9tk FR T QAR Q40 (K7
2

JHA = 27 71Ek g S A L
AREE A7ro] Holxl

Al 2 4 G-DINA 239 =+ 3

1. FH AN =3F4Marginalized Maximum Likelihood Estimation, MMLE)

Neyman & Scott(1948)o] w=2H, &g+ 5 FAsL e T
ZZAQl B9 JIXZERY T8 Uele F5FQ 249 At Ao
35 B3 FAES FokY, dBEHA e FAHGS 4d& vteAel A
o OYER L(X o)W 2L 2UAFSENA FH $EE ARESof g

thde la Torre, 2009b). o7|ol= w72  EM(Expectation
Maximization) &¢18]Z&S A &3t FAHAFS 7+ 5 ded, o= FH
H )¢ =+F4Marginalized Maximum Likelihood Estimation, MMLE) -

_22_



olgtn HE & Atk
FAANSEFA PSS A8 Qs DA AFT FALES
gololof Ak FUFE LX) e} Lol AT & Ak

200 =T12x) = [T S Ll agpla) @16)

G-DINA R &9 R4E FHIAUYSEFA WHS 53 FAHs7] )
Ae S HolHY ZI-FHLEE
I(X)= =3 2t}

I 2
1(X)=log[L(X)] =log ]_[ M L(xla)p(ey) (2.17)

AZIM LX) dALE o7F FARES W AFA o] SHel o

Plaj) = = (2.18)

_23_



@] & frlsti, R, = Y ploy| X)X, E JAZERY o F e

i=1
Agx F 5ol &utEA $EE AFAY FE vt o7]A

playlx)E ABAIF AAZEHY o & M A

_?_
oAl ZIA-FHLEUUXNS Play) ¢ Play,)ol & o|A=ZrE ot
53 2

J 1(X) [ 9L aL)
8P(a2})3P(a;‘,j)* 12[[/ (X,) ' }

olg ke UEE Ted 2.

i =

. )(7] P(a;j) H * XI:J‘_P(OZ;J-> } 990
Z{ ) i P 1P B i parn ]

Aol T Plag)9t BFE x5 ol &3td ¥ jo mgo i 2

A AR FE (P T F Ak 474 P ={P(a)}E W@
Sk FAA(SELP (a;,)NTH.
2. G-DINA =¥e] A 33

A7 ¥ M= G-DINA 289 25 (P (o))

1
Bied Oy B BRI T2 BL Stu ek BA FE

12
7 2% PR 47N pE BAL F1 YE mYo] A
FE2 Yehdth oAl 3 jolA aFstE AR L LY I BE



S UehliE 28 <k B8 4, = {a,} & ZsA.

000--00
100--00
01000
A=1110200
101--00
11111

(2.21)

AWAQl mgo] HA FH a0 AR HLe 4,9 MR Yo R

Ae Atk A WA Uat 1, I e dak
A

{
Aot Pas [[a7t B 42 So] k=32 32
k=1

J

MA Y M e et 2k

10000000
11000000
10100000
(5)_ 110010000

My =111101000
11010100
10110010
11111111

ofAl 4,0l ZF ol thete] TINSITY Tk,

58 pla))2 o017 25 Zole] WE P ={Pla])

o 1

st ™, Ha AlE FAS olgs 72 Ak

_25_

7]’ _;F—Oi %i'% EH’ 5]' = {5]'0’ 6]‘17 5.7'2"“’6]‘[(;’5]'12’.“’5j12~-- K

E oapxa, (k=12 K —1, k =k+1,,K)7} 5

&), o

al, g™ ok

ap(k=1,2,--
SEED)
=
hl

2] -

=39

(2.22)

(2.23)



3. AR 2y AA PE

A A H HA PHE G-DNA =g 25 FH(P(a;))2 G-DINA
23 74845 WIstEH ARSI oAl o] A FBL A3
AH8atE, G-DINA Ry e 3:4E& 72 FAAA RygeY BeEx ¥
& 4 Ak ME FAHA 2y ol Ui A FHolgu sk 289,
DINA By HA #22 Tt o] vepd 4 3t

10
M o= 1 0 (2.24)
AR

11

M e = (2.25)

(1’171771)77]_;(]}‘:4_ L =
nxjete 2, ACDMe] 47 fHe G-DINA =¥e A 338 M F A
K +1708) Q& ojRoly st Bt oF Bl & =33 A%, ACDME)

_26_



) =|1001 (2.26)

9 A FF A P AA LA HET} (0,0,0)0 AF, 2~4HA F 3
o QA QA F 17H91 AA gAY =2t 749((1,0,0), (0,1,0), (0,0,1)), 5~7
74%((1,1,0), (1,0,1),

(0,1,1)), UP‘]” 8345‘11 330 IR dAgE BEFE 2T F9(1,1,1)E

veha,
SElE B 9Tk dAgasl Al wet 2 kel QA as

WEE BE 93, oo &3 IFASES Fol I PUOE BFHY

S e T8 o Aol FERLE et Aol ohid, wiE P4

ol glol W el FhA 21F nesordh TAA Plaj)ol 7HEA
g Folof s, o HEHY 4BE T F Yt Aol HE [.oh od7)A
15 A 218904t w7
AgAe] $8 oelun [, o83l AFNY dBE ¥+ dE O
B2 W o ol 4

fru
r o
R
ko
b
1%,
)
2,
il
N
=~
i)
po)
O
HU
2
o>
n
r

N
%0
T

=1L 2.27)

J[2% % 2]

oAl 9 AE G-DINA B89 A9 bz, AR mgel A

=l
AYE 712 PEE ol &st] HaAFFEe Sl FAAJ] 2P &

_27_



_ (r) (rN=17,70r) 5
0; = (M;" Wy M) M WP (2.28)

A 3 A Wald AAH(Wald test)
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Representing, comparing, and ordering whole numbers as

1
well as demonstrating knowledge of place value.
Recognize multiples, computing with whole numbers using
Whole Numbers | 2 . o .
5 the four operations, and estimating computations.
T 5 Solve problems, including those set in real life contexts
(for example, measurement and money problems).
4 | Solve problems involving proportions.
. Recognize, represent, and understand fractions and
Fractions and 5 . ) .
] decimals as parts of a whole and their equivalents.
Decimals ; - X X ;
Number(N) B Ao 6 Solve problems involving simple fractions and decimals
F T T including their addition and subtraction.
Number
Sentences with Find the missing number or operation and model simple
Whole Numbers | 7 | situations involving unknowns in number sentence or
A&7 254 expressions.
=3
Describe relationships in patterns and their extensions;
Patterns and ) ]
. . generate pairs of whole numbers by a given rule and
Relationships 8 identify a rule for every relationship given pairs of whole
B y u very v w
W @A
numbers.
Lines and Angles 9 Measure, estimate, and understand properties of lines and
R angles and be able to draw them.
Geometric | Two- and Three 10 Classify, compare, and recognize geometric figures and
Shapes & dimensional shapes and their relationships and elementary properties.
Measurement Shapes
™ 22+ 3% 11| Calculate and estimate perimeters, area, and volume.
AHgE | 3L =
=33 34 Location and o _ , ,
Locate points in an informal coordinate to recognize and
Movement 12 q fi d thei ;
raw figures and their movement.
A9} ol% ¢
Read data from tables, pictograph, bar graphs, and pie
Reading and 13 pictograp grap P
. charts.
Data & Interpreting C - 4 understandine. how & > —
omparing and understanding how to use information from
DiplyOD) | 871k M |14 o paring &
ata.
A5} —
N Organizing and . . . -,
3 . Understanding different representations and organizing
Representing 15 dat ine tabl ot b and b h
ata using tables, pictograph, and bar graphs.
A% vkl B PR o

[ 3-8] Lee, et al.201Do] AA3F AA LA
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DINA DINO ACDM DINA DINO ACDM
True True
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Wald Wald
DINA DINO ACDM DINA DINO ACDM
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&t 6.6 5.6 99.4 &t 71.4 66 84.2
=3 4 1) & 4 87
AR 229 S 47
239 4 DINA DINO | ACDM
& 58.2 61.5 99.9
z 46.9 48.2 100.0
3t 19.9 18.3 99.0 29 %
=3 g 47
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T3 4: 3
Lee et al.(2011)9] Q-AH(EAT Q-IFH) A&
B4Ry 7§k AA dd Ry ZEE HA}
Wald Wald
True DINA DINO ACDM Tre DINA DINO ACDM
DINA 47.6 2.3 50.1 DINA 84 0.6 154
DINO 2.9 44.1 53 DINO 0.6 84.1 15.3
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Q. In which of these drawings is the dotted line a line of
symmetry?

[Z29 4-3] TIMSS 2007 Item ID: M041164

Classify, compare, and recognize geometric figures and

Q15 8.2 10 shapes and their relationships and elementary properties.
i Z)eters 287 =3, z2/w 7 A FJEH YHES
&1, Hlal, 14 g

Locate points in an informal coordinate to recognize and
o1z g4 12 |draw figures and their movement.

o I 7 £FHYES 94y 7Y 7 YEF 634
FHIEA HEL 5

[ 4-8] Item ID: M0411647} Q3= <A L 4a(Lee, et al., 2011)

o] oA 87t A8 AE 99 [F 4-6]7 ZTh oA &
Tt JAAQLAESY &S vy os ARE EAMEAH, =3 g
of tig AAL Z 43 IAUYRIALA 10 ), AL /&S =9
& HolA TANAE AnE T & JAUERALLE 12 £B) A9 B
g AT F s otk F, AAQA 100y IA 84 12 F 3
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[3E 4-16] 209 &&o] 2738l dA2a(EAY, 2016)

R RO 220 £33 529 e Fete wFolth £@elA &

Tt QA QAE YRS nigow ARsS EAgnd, odH EAE
I 7R VR o ® AFAMKRIA A D B2 T4 o]F(IA L
A 27t sEEoF EAE AT 4 Utk 18 o] e F52%
#AHE EAolung REF(<,>)7F £3E F520 3 olslE 273
A8 A 6 D). oA HAFAT} ar>—15 AA 2 a}b 3=
T37] flalAe F52e 4AE st oA 8 A 8 ) ¢
. 2822 o] £9¢% DINA Zgo] HFs AAXGRgolgty 2H
H A& Hgsitdy & = Qo

209 FY= vV E AA SHU o HE nEo® 7 B o mg
2 A3 A7, 7153 A es Zagdd 208 23 g AEE
< A [E 4-17]19 2o

P(0000)  P(1000) P(0100) P(0010) P(0001) P(1100) P(1010)  P(1001)
00001 0.1917 0.1364 00322 0.3045 0.0683 0.0917 0.3187
P(0110) P(0101) P(0011) P(1110) P(1101) P(1011) P(01L1)  P(1111)
0.0001 0.1567 0.2802 0.1968 0.2252 0.0001 0.7423 0.7546

Item 20

[ 4-17] 1A 84 ZE0YH $2F2016) AAHA 20 3] AGE



3 g NSRS = %
T ATk Ol 48 B39 7 RIX 84 ZEddE AgES IR
W oEd 72ee HAGgEo AygFor FUEHA e ATE A 9
2 So] E3 33 E3 229 ¢AeA ZEuIdE AHAIGELS I 2
=2
P(00) P(10) P(01) P(11)
Item 3:

0.5628 0.9313 0.8649 0.9999

P(000000) P(100000) P(020000) P(001000) P(000100) P(000010) P(00001) P(L10000) P(101000) PYA00100) P(L00010) P(I00001) P(OLL000) P(010100) P(010010) P{01000L)

0.0001 0.3861 0.0001 0.0001 0.9999 0.3326 0.9999 0.0001 0.0001 0.3052 0.5510 0.0001 0.0001 0.0001 0.2011 0.9999

P(OOL100) P(OD1010) P(001001) P(O00L10) P(000101) P(000011) P(111000) P(110100) P(L10010) P(L10001) P(101100) P(101010) P(L01001) P(L00110) P(100101) P(100011)

0.0001 0.0001 0.4103 0.0001 0.0001 0.0001 0.9999 0.3961 0.7700 0.0001 0.0001 0.3477 0.0001 0.0001 0.0001 0.0001
Item
22

P(011100) P(011010) P(011001) P(010110) P(020101) P(010011) P(001110) P(001101) P(001011) P(000111) P(111100) P(111010) P(111001) P(110110) P(110101) P(110011)

0.0001 0.0001 0.0001 0.2262 0.2557 0.0001 0.9999 0.9999 0.9999 0.9999 0.6211 0.0001 0.0001 0.0001 0.7966 0.6173

P(101110) P(101101) P(101011) P(L00111) PO11110) P(011101) P(011011) PO10111) P(O0L111) P(111110) PLL1101) P(111011) P(L10111) P(101111) P(O11111) P(111111)

0.9999 0.0001 0.0831 0.0001 0.0001 0.0001 0.5685 0.9999 0.0001 0.0001 0.4048 0.6422 0.3628 0.9999 0.9999 0.7863
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0.1106 0.4390 0.0001 0.2107 0.0001 0.0001 0.0001 0.0001 0.1583 0.1123 0.5477 0.0001 0.0001 0.2442 0.9999 0.1363
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0.0001 0.9999 0.5345 0.7773 0.9999 0.4838 0.9999 0.0001 0.9999 0.9999 0.9999 0.7248 0.3851 0.9999 0.9999 0.9999
PLOI0) P00  P(OIOL) PUOOIL) POLUO) ROLUO) POUOL) POIOWY) POOLL) P(U0) AULUO) PALUON) ALY PUOMI)  POLLY)  PLLLLL)
0.7396 0.7459 0.6627 0.9999 0.0001 0.9999 0.9999 0.9999 0.9999 0.9999 0.8393 0.9086 0.9063 0.9999 0.4488 0.9999
POOO0) PIOOO0) POI0000) P(OO1000) P(ODI00)  P(OOOGLO)  P(OOOOD)  P(L0OD)  P(L0IOD)  P(OOI00)  P(LOOI0)  P(LOCY)  P(OLO0D)  P(OL0L00)  POL00L0)  P(OL00O)
0.0001 0.3861 0.0001 0.0001 0.9999 0.3326 0.9999 0.0001 0.0001 0.3052 0.5510 0.0001 0.0001 0.0001 0.2011 0.9999
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0.0001 0.0001 0.4103 0.0001 0.0001 0.0001 0.9999 0.3961 0.7700 0.0001 0.0001 0.3477 0.0001 0.0001 0.0001 0.0001

Item 22
" POLIO) ROLOL0) POLOO)  POIOLO) P(OIOI0)  P(OIOGL)  P(OL0) P(OLOY) P(OIOL) POOOLY)  P(LLI100) P(LL00) P(LL00Y)  P(10MO) P00  P(LL0OLL)
0.0001 0.0001 0.0001 0.2262 0.2557 0.0001 0.9999 0.9999 0.9999 0.9999 0.6211 0.0001 0.0001 0.0001 0.7966 0.6173
PUOL1) PAIOUO) PO0L) PUOOLLY) POILI0) POIOY)  POLOL) POIOWY) PEOLLY) PALL0) P01 PLOL) PN PUONL)  POULL)  PLLLY)
0.9999 0.0001 0.0831 0.0001 0.0001 0.0001 0.5685 0.9999 0.0001 0.0001 0.4048 0.6422 0.3628 0.9999 0.9999 0.7863
-9l - M 2T



POOODD)  PU0000) P(OI000D) P(OOIO00) P(OOID) MOXCLO) P(OOOI) P(L0000) PUOIO00) P(IO0I00)  PIOO0L0) P(IOOGI)  AOLI000)  P10IOG)  POI0010)  P(O1000d)
0.0001 0.0001 0.1207 0.4894 0.0001 0.9999 0.3521 0.0717 0.0001 0.5108 0.5504 0.4218 0.0001 0.0001 0.1997 0.1395
POOLOO) POOLl0) POOL00)  P(OOLO) P(OODIOL)  P(OOOGLL)  P(LL1000) P(LOI00) P(L000)  P(LLOOOY)  P(OLO0)  P(OI00)  P(OI00L)  P0OL)  P00IOY)  PL000LL)
0.4326 0.9999 0.0001 0.8830 0.0001 0.0001 0.3054 0.0001 0.0001 0.0001 0.0001 0.9999 0.0001 0.0001 0.2315 0.6496

Item 23
N POLLIO0) POLOL) POLOOY) POIOL0) PROIOION) POIOGL) PROOLL0) PEOLO) ROOIOL) POOOLL)  RLIL00) P(LOL) RLLO0L)  P(L0L0)  RLIOION)  P(LL00L1)
0.0001 0.0001 0.0001 0.0001 0.6927 0.0001 0.9999 0.0001 0.0001 0.9999 0.0001 0.1083 0.0001 0.5179 0.1036 0.7751
PLO0) PUOLOY) P(OIOLY) PUOOLY) POLUO) ROLMO) POUOL) POIOMY) POOML) PO PUUO) PALON) UMY PUOMI)  POILY ALY
0.3565 0.0001 0.5431 0.0001 0.9999 0.0001 0.1260 0.9999 0.9999 0.0001 0.9999 0.3494 0.4542 0.3382 0.0001 0.6309
POO0) P(I00000) P(OI0000) P(OO1000) P(OODI00)  P(OOOGLO) P(OOOOD)  P(L0ODD)  P(I0IOD)  P(IOOI00)  P(IOOI0)  P(L000Y)  P(OL000)  P(L0I00)  POL0OL0)  P(OL000)
0.0001 0.0001 0.1271 0.0001 0.2461 0.0001 0.0001 0.0001 0.0001 0.0001 0.9999 0.1359 0.0001 0.9999 0.0001 0.0001
POOLIO0) P(OIOL) POOIO0L) P(OOOLL0) POOGIOL) P(OOOGL)  P(LLO00) P(M000) P(LI0OL0) P(MOGOL)  P(IOLI00)  P(0IOL)  P(IOI00L)  P(I00L10)  RIOOIOI)  PL000L1)
0.2147 0.9999 0.0001 0.0766 0.0001 0.9999 0.0001 0.7312 0.0001 0.4955 0.4372 0.3758 0.7150 0.9999 0.9999 0.6323
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K P(011100)  P(011010)  P(011001)  P(010110)  P(010101)  P(010011)  P(001110)  P(001101)  P(001011)  P(000111)  P(111100) P(111010) P(111001) P(110110)  P(110101)  P(110011)
0.0001 0.0001 0.1013 0.0001 0.7958 0.9999 0.3291 0.9999 0.1270 0.9999 0.0001 0.0001 0.2603 0.0001 0.0001 0.3108
POl PIOUO) PO0L) POOLY) P(OIL0) P(OLUOY) POLOL) POOWY) PEOLLY) PALN0) PL0Y) PLOL) PN  PUONL)  POLLLY)  PLLLLLY)
0.9999 0.9999 0.0001 0.0001 0.9999 0.3128 0.3387 0.0001 0.9999 0.9999 0.9311 0.8821 0.7112 0.0001 0.7008 0.9195
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Abstract

Evaluation of Item-level Model
Fit in Cognitive Diagnosis

Assessment

Wang, Hyo Won

Department of Mathematics Education
The Graduate School

Seoul National University

The recent international achievement comparison studies show that
Republic of Korea was ranked high place in performance of
mathematics. However, Korean students exhibit significantly low
marks in the attitude toward mathematics. Some educators claim that
assessment systems in classrooms which focus only on final
achievement adversely affect students’ attitude toward mathematics.
In this matter, assessment systems in classroom need to be changed
for improved quality of education. The revised 2015 Mathematics
curriculum in Republic of Korea promotes self-directed learning and
informative use of assessment results. Therefore, assessment in
school should aim for diagnostic purposes, rather than putting

students in order.

Cognitive Diagnosis Assessment (CDA) using Cognitive Diagnosis
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Model (CDM) is a form of assessment to provide the examinees’
cognitive profiles consisting of mastery status of multiple attributes. CDA
can offer information to feedback on students’ learning and help
improve teaching and learning methods for teachers. Many CDMs
assuming various attribute-response relations have been developed.
CDMs can be divided into two types: general models and specific
models. General models such as generalized-DINA (G-DINA) model
(de la torre, 2011) include all parameters associated with main effects
and attribute-to-attribute interaction effects. In contrast, specific
models consider special constraints, such as the Deterministic Inputs,
Noise “And” Gate (DINA) model (Hartel, 1989; Junker & Sijitsma,
2001) which assumes that all attributes required for an item need to

be mastered to solve the item.

Considering the fact that CDA statistically estimates each student’s
attributes profile, many researchers have become interested in the
validity of CDA. Among a variety of CDMs, it is important to choose
an appropriate model for a specific assessment. For this reason,
methods for model-data fit have been suggested by many
researchers. As of now, however, analyses of the model fit of CDMs
are mostly limited to test-level. Since the appropriate model may be
different for each item, deciding a single model for an entire test
might not be appropriate for certain CDAs. Wald test proposed by de
la Torre(2011) is a new method to compare the model fit between a
general model and a specific model at an item-level. Wald test can
only help deciding appropriate model between general and specific
models at an item-level, but using the Wald statistics computed
during Wald tests, it is possible to develop an item-level model

selection method.

In this study, an item-level model selection method is developed
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based on Wald statistics. Simulation studies are carried out to verify
that the model selection method using Wald statistics can identify an
appropriate model for each item using item response data. Moreover,
factors that might affect the performance of the proposed item-level
model selection method have been examined, including complexity of
Q-matrix, the number of attributes per item, and item quality. Also,
the proposed method is applied to real data sets and the results of

chosen CDMs are analyzed regarding the nature of items.

The results of simulation studies indicate that the model selection
method using Wald statistics yields the accuracy of at least 70% in
the conditions such that item quality is high and complex Q-matrix
is used. Increasement in the number of attributes per item and item
quality increases the accuracy of the proposed method. We expect the
proposed methods can be applied to CDAs consisting of
heterogeneous items with different response models and contribute to
improve validity of the CDAs.

keywords : Cognitive Diagnosis Model, Cognitive Diagnosis
Assessment, G-DINA Model, Wald test, Model Fit,
Item—level Model Fit
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