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A7, o 609 o] tieke] A ARE XS A=
2O A&t NE Ao AR QAL =
FsAdS #elsloith. =8, Fusion Model® DINA Model s Hlwgr 23} 91x] 2
=g/m&ee] 29AV} ofd A/F/dke] SBAR EF3HE 45, DINA Model “3e]
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TAo] - T A FE o, AX-TEY, Fusion Model, DINA Model, Q¥%
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WSHHBIIATD HM16A HM2s (2013)

I. A&

ARzt B2 At o8l S == A8 7R A2 2 715 tsl o] F53t U=
A ARE M stetete] she] S-S FAIARl WAL ol theFet SR oA
ofste] shegol] AAAQ] =S FuAF /NdE o] Eo|th(Tatsuoka, 1985; DiBello et al.,
1995: Hartz, 2002). Aol &2 =] H7t 235 u - g 34 7 2584
o7 AAFE F e Wk nidske H f8sh, HIde olefd FaAdd sEy teddt
ARFFRE o] JPTE A (Rupp & Templin, 2008). @A) 7/WdE AXFERE L Rule
Space Model, Fusion Model, DINA Model, NIDA Model, Generalized Diagnostic
Model & Thst, Fu & Li(2007) & 62%F< AAXTAEH s Rz sk
Tatsuoka(1983)¢l 2J&l 7H¥ Rule Space Modele Q&E2 =Y & o} QAT
So] Mis e b 9 T A=A BEolgt & U

el 7 Aol 719kek Sk JRA e Ealolgte AR T F3tebr] ¢t
ARG RY S &3t TV, 52 it R H7F 23 A4 Bk A A AL
Alzbsteleh. AA| 2 a9l o] tiat i H7kll A AT REY S 2gs) A3 #AS Al
A2 v]=2] PSAT/NMSQT (Preliminary SAT/National Merit Scholarship Qualifying
Test)2)2] ‘Score Report Plus™ o)X zgalE X EE S 4= ATHCollege Board, 2012).

539 ded] A 24 g ARgE 1A' ARG SR Fusion Model# DINA
Models & 4 Ath. tHA] 3l Fusion ModelZt DINA Model> @A) 717 dg] 2ro]l= o
EA91 A FGEREEo|t} Fusion ModelZ} DINA Model& 35802 £3 Zo|& 93] &7
He AL AES BT SEdlol AHE 2 vk 234 7 (conjunctive assumption)
of 7123t} EF F P2 3 AX 84 R F5] AR EEeitta eAEtE tE
AR A0E F5HA Kl BAste gl A9 BAdekr] Relttke AAldl 71xse®, Fagh
AR LAE htete F5H] Kol 3= A Evke ¥EAE 2E (non—compensatory
model) ol &3},

oA AFA 7Pl 7123 BIEAAA RFY S s o r HwH Itdsitte ol
FeH oz Y B¢ AT RFPe] Ay zAs5e] A7|7F AW
240 7 U gol tidg] ARele A A
DINA Model2 8oz d Hitslo] B2 59

R e
slof Tel7k gla, olalsh se] f-8steks FHel Ak

k=)

il

o

2) SATZ tlHIs7] 913 mel AR SATS} € £39) FPER 74 Stk vhd 10986 Al
W, gehtelel mel 453 2e 4Ae Adeln & 4 vk



e EoF 20 240 HEst AXNHI2E S Fusion 210 DINA 282| Bl

4 APEAAE AL EIARE AR I7F SRk, AEARE Gy o
AAGRAE 48T ARIE TAE FEel 2] T, FUAAE AL QALY E
A5 BHE AT WAL ABAAL L) A0S AYon AR ARE 483 KL 2
1% AFAA e AL Rl BiE B FAEE GYAE Bk ARE A
&3 AAE, $R9Q01DF S99 9(2011)9) QAR B2 =)e 22 51859

7 dFdxe w7keE AR W7 ARE R Bt A3E EAdka Halste
o Agtet A XGRS eAstuz) soh AR, APAT AES] 98P, Fusion Modeld}
DINA Modelo] thiti 25 &4l 215 o]8-8d RYAE defeidiar, uebs F 74 B2gs
FHo g 51L7]~,—;z FANHAE H7F AR o doHe ARG EY S dstus) it &
A, A AFARE WoR ARG S 283 TE
Age| =717t 60‘?}‘33 o]/ FQl thit® 2Ats Al AR A&k FAo] ThseA| T}
ofataLat gt

_l

I. Fusion ModelZ} DINA Model®] EA

A7EA] i gekel AAATRE Jhed diTR A5 BN de] AlEEH T e Q1A
RS Fusion ModelZt DINA Modelelgtal & = vk (F e APAd+ HEE E
2 Fusion Model®} DINA Model® SA H|wdle] A|Alsta o).

(E 1) Fusion ModelZ} DINA Model9| H|u

; - MER
2y FHR =5t xal o273 CHERS] XtE XE oAl
- BRS - Hartz(2002)
o (dol®), o, (M), : PSAT/NMSQT, ACT
¢ (QAZ JZ=%) - Henson & Templin(2004)
AR Nekg Bare] oh 'L(iAELPSawaki(ZOO@
. o (JIA8A Y FE) . .
Fusion J _ " A4S adl= A2l | Arpeggio | : TOEFL iBT
n (Rl 5 2) b  Jang(2009): TOEFL
- Li(2011)
: MELAB(Michigan English
Language Assessment
Battery)
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WSHHBIIATD HM16A HM2s (2013)

3 _ AES
o F¥D - - 2 CHEHS] Xt2 M Al
=3t Xz
Ao iRk - de la Torre(2008): NAEP
5, (OF), g, (32) TR ss o8y - Huebner ¢(2009): GMAT
DINA |- g8ARSF % (0/1)2 829 OX - Chiu $(2011): PIRLS
Lo (AL H2 EE), |3l A
n, (B S2AT)

1. Fusion Model

%71¢] Fusion Model+ Hartz(2002)7} 7t 2oz kA j7F 3 i s 9
G55 4 (DI o] T

# Fusion Model> A93 &8 40| 7}t s A
MEE F8o] X3E Afde & o 538 7oA 23] dast
AEd EdAE 0, 1, 2, 3, 49 570 A7 7Fs# Aotk Fu(2005)= Fusion
Model& THE2@ole 488 + J=s e, 9 2dxe MY 24 A

= R

& il mAA HF ol dE

1 m=0
* K
P =Plx,. > aN:) = % * g G
. (IZ] mla] nj) whn]:‘[rimk(l e Pam(n]) m= (17 : 7M - 1)7 (2)
A=, A mHA HAeE S3E FE2 4 (3)F 2ol £ 5 Ut
P —p m=0(0,1,---,M,—2)
P. =P(x. = m) = ];Z"L ij(m+1) s Lyt oty LG 3
o (IZ] B |a] 77]) {F)'i,jm m = M —1 ) ( )
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&M Fusion 2 DINA 289| Hl

HerE SAE g8 dd dA8x kE S2RE W 2% ol A= m¥A He-E ST
g9 Hlgolth. T3 ¢, = QYL EH e £ ol Eoldl a7HE A LR ke
Wl ¢, Fato]l QA WAHA ¥ SEd g olu A% oEatn YEAS Ve
o, ok BARERA A 7t 7 X exs £2eAS dehls MER AXex ke
Sashd 1, 232 @0 09 @ 7RIt

2. DINA Model

DINA(The Deterministic Inputs, Noisy "And” gate) Model®lx+= A< & tigh
W& a2 5el7] fal aFE e AL AES o] F55ta Al wet AT
7Ptk (Haertel, 1990). g8e] &kl digh AA vh-g-2 7 833 v & & si=dl, 8
Aol 71 ¥k-go] Aeoldetl AAl wkgo] exto® Uehbd &3 (slip) 3 A= Fds}aL,
71t whg-o] extollet] Al Rhgo] FHgom yehH F5(guess) T A ow T i)
DINA ModeldlM= €83 F55 AAek 71 Alold £3k5 do7]= S (noise)ole} 1f
ZataL Uk,

DINA ModelelA= 8 j7F 38 9 Fea 9 53 2 (4)9 Zo] fde)

P(X,;=1 | aj)= (l—si)m’gzin” (4)
414 g, =Tlal 2A o4 j7b 23 0ol A9E Bel7] 18 BE A 808 53
k=1

EAE JeItH0=b1%2, 1=%9). %, 84 7t k7o) A 2s FelN £ i Bed
EE AALARE Eon T, siiete SEdA] ZPed 09 ghol Fo. o,® A
w52 By j7b 2t A 84S SEPEAE YehlE WElelt, PX;=1la,5¢)E 2 9
Agzd g S i e 02 A Y jE FURE 5, FERE B R EF i
A9E 9e F5E dehith SURS 5 o] B9 i9) Fold] 2HE RE AAes
& SRS BT 1 BGE BY Bgolh, wld] F2u% o o] BY i
Fold] e7HE RE A esE $Y9 T Brin 2 29 9 a0l Q
Gao] AR Hold A%, e YE] 1 BYIA Jddtn e BAEC] Akt e A
2 AEITAL, v £ A% 5% g9 @l ®obd 4 ArkJunker &
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WSHHBIIATD HM16A HM2s (2013)

1. QHE
AANTRG S 2 g37] A= DAE FHSE REET 1 29 FHE 28] Aoﬂ
S QA 24F e WAE ESdoRIth AANGRYS A4 A5 BI QA8

Y o
L
8<%

N

|

o
2 WAEIES kxn(k=9%249 4 n=139 $)o FAL& QyPelam s}
Q

L AUE o) Fels) A

f
re
-
=
2
rir
DO
(@)
—
=
rT’
i
A
oX
B\
o
o,
N
A
2
)
X
J?L‘
_\-‘1_1‘
1o

2 TS
A27F 89, et Wi HE7t 69le] Q?‘EE" W 2Pgell Fojsisih. ®A 2011d =7keE

SAAF = HIHeolA AlFehe AFVIeE Edz AAE £32 Eo]HWA 26, $3, 12
o =o], e FPPHE Bl SHe e TEe dA8ARE FEslAL, vl <
Al gaeh #eE 23 QAT QEE Xl EE Felle A4 BEE A A% (A
7= Ag 3 9SS 7o s uyt AEbee] AT off % - Hes vHEsisith

2. 24 Xtz H YUY

20119 A= 7t AsCdA 460 Z3HE AL = (E 2)°d AAskdT. 258t
28hde HEAlE A drbA SRS x3hete] EA SIS
2 AFlA Fusion Model= A-83l7] 9@l Arpeggio version 3.1(Dibello & Stout,
2010)= A=, o] ZEOHE AHE F3ke FEATE AT F IS dE A
olt}. DINA Model2 &A7IA] dtd Zza=io] o] 2 (0/1) o2 ZHH Azovt 28 7}
So17] wiel] MEd T3 FRASTE 0/12 HEel gade 25 E AHsie] B39
t}. de la Torre(2009)= OX(Doornik, 2003) gH7d0lx A3 7}53 DINA Model A&
F=E 2ot de la Torred] T2l AFolA] ALge U= AEE AT &
ARG, b 2 Aol A = WinBUGS(Spiegelhalter, Thomas, Best, & Lunn, 2003)
£ ol &std 7 A5 FECRRY AL 73 EFE g A gdAY R8s LS E
= Akt

) AFE AlG(Jaccard index) & Park(2008)2] Aol QalE €133l ) A= e, Q3Hd
YeRd Qx4 7ol FAM S AkESed 831t A= AlSE Jaccard similarity coefficient
glux &, J(A, B) =|ANB|/|AUBIZ 3" tH(Hannig, 2004 A4). tds3ARY L N4
(2005)3 Buck & Tatsuoka(1998)c] Q¥ E ElF3IE 3 A4 Wy o= ALEsITt. £33k
AEES TEHUQ, QIES SHHRICE UF3|AEA & Fs5td QA ahe] AHA AR E AES}
= d FaAsa 2d F ok
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199 W7k Al

o =
=9

Fusion Model®} DINA Model

6, 3. 12 o, g AR5E Y2 Fusion

=

bk

S

st 235 vl
Model®} DINA Model®] 235 vlwsll ov AW 112 rojzle} 26 F8tale] 2z
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SUFEIIAT M6 HM2& (2013)

F»l—t— PPME 0.5% 7|0 & %%/Ul% % %?—r
5E 7]%E2Z PPMe| 0.5 o|ie &g PPMol 0.5 uluw gz LRSS u, ol

X]ﬁﬁ:‘ﬁ a/med B8-S F 7K 28 (Fusion vs. DINA) ®lwstict

(Z b) 12 =0 2X|ay SE/o0|5E H|E(EF 71£=0.5)

oIX|QA Fusion DINA

=g o= =g ol=g
1 87.72 12.28 85.94 14.06
2 87.55 12.45 87.53 12.47
3 90.73 9.27 84.11 15.89
4 91.10 8.90 71.19 28.81
5 89.34 10.66 75.54 24.46
6 88.47 11.53 73.04 26.96
7 93.48 6.52 63.51 36.49
8 86.15 13.85 76.84 23.16
9 92.93 7.07 70.93 29.07
10 93.51 6.49 66.91 33.09
11 93.44 6.56 55.56 44.44
12 94.14 5.86 66.89 33.11
13 94.21 5.79 83.01 16.99
14 91.08 8.92 87.42 12.58

22 Foiz 1470 QA 8.4 tig A8 aY SY/msd H &S T 7] 2RS4
A3 295 (& 50l AAIBIATE. (& 5)l4 DINA ModelS &3l AH&H %%0 H &2
Fusion Models& &l AF&¥ 7 Wt W vsdo] vj&2 =7 Yelylt}. 59
P MRS W, vEE HlE F Apolrt A vERE QA 8 AE QIR LA T
AR 84 11(38%p =Hel), AA8A 12(27%p #Fe)AEHl, oI5 72
&7 128 A7 AEE w3l 2 23 F¥oE ARE F3y #dd A es
olg]gt AZ= DINA Models A-&3h7] fl3l AEde F2AdFE wdskAl X,
0/19] o]BHFE AMES Holl Y& T2 o2 At =, DINA Model 44 Al 8
e Agd B 5HE 0/12 asgstd A 5] MEd ol 244

oQL
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e EoF 20 240 HEst AXNHI2E S Fusion 210 DINA 282| Bl

SRS AR NdeA el 159 52 Ha FPske 99lo] "rkn B & Aok
PPME 2AR QA 8.2 $25Ee] e A2 she S 058 71EeR Fushe
wHolelo] o2 WS A8 4= Qi) Jang(2005)2 (0.4, 0.6)< 7I£2Z PPM°] 0.4
wlRFel 9ol i, ‘0.4 o14~0.6 P Fge] B, 0.6 ol ¥ A HEB BR
7% st ole s9FTe EsIEY 29F ol e® EFS Z-9-<Uul, Roussos et
al.(2007)2 PPM< 7% o, 59 = nlgdy} o] S8Rl 271 302 ydte
[e]

o

EFA2w=e] d£2 Cohen’s kappa AFE 0.6 o4 o2 A8 4 dvta i)
I7trE AR b e S5y R SE R wel S dld watolAe
o o )

=
BASES S, BB VG, V1EY vDY 49 JAFFOR TR

U, 2EEPEs} 0.8 oY B¢ 4348, 0.2 v A¢E EugE BRine B
AFNME A2 (0.2, 0.8)F 7|Eo2 W oF 2 ERIEUTH
(% 6) 112 30{ QXY &/F/st vlg(&F 71£=0.2, 0.8)
oIx|Q A Fusion DINA
At = 5t A 3 5t
1 78.58 16.55 4.86 81.64 12.31 6.05
2 80.82 11.81 7.37 85.67 4.44 9.89
3 79.10 16.06 4.85 81.15 4.99 13.87
4 80.38 14.74 4.88 60.12 15.94 23.95
5 81.48 13.47 5.05 69.36 12.94 17.69
6 85.56 5.83 8.61 73.04 0.00 26.96
7 77.90 17.73 4.37 51.14 26.56 22.30
8 80.10 15.06 4.84 62.67 27.93 9.40
9 73.41 22.20 4.38 70.93 0.00 29.07
10 80.40 15.25 4.34 66.88 15.55 17.57
11 81.80 13.86 4.33 54.47 19.03 26.50
12 84.10 11.56 4.33 66.89 4.1 29.01
13 83.19 12.49 4.32 0.00 95.48 4.53
14 87.61 6.29 6.11 70.83 28.95 0.22

(F 6y 12 =o] ARE BA3 A3 A=H PPME| FX7} 0.2 v|9ke &}, 0.2 o]~
0.8 TRk '3, 0.8 o] oz {3t 23= Fusion Model? DINA Model®] %5

M
e

4) Cohen’s kappa A7} 0.621 A$ F3 =& (substantial) EFIXNE=E Btz & & 9t}

(Landis & Koch, 1977).

- 137 -



SUFEIIAT M6 HM2& (2013)

S|

Hl w3k ZAolth. Fusion ModelS A&3lS W], 7t QIXQAE o] 7o 2 F531%tn
Fe H]EE 73.4~87.6%% 20119 112 o3} SFMHAE HrlollA ‘FFdH 0w LR
SHA B]&(33.0%) ot =4tk sEAIRE 3k 7FX] 5% QIX| 8. Ao|A] =3 Zo] AAH oz

ok AETh 7] wiel] Foizt AA - HE<l 33.0%ETH /N QA 8 hoA §-428 1]
£o] F& AL AAxTE Ao Helrh v 2011 SdPF & kel 12 dvA| S
o] Zoj3} 7|zt v &S 2.0%9 <8, Fusion ModelolA 2F&d 7} Q12| 9 4vof A9
& W && 5.83~22.20%% YEITH

(F 6)llM Yoz FAE FELS 54 50 dgsle g9 v o] 0%= Jehd 45
o]t} DINA Model 2-831& o], QA 84 67 IA 84 95 T 9 Aol 0% A
o= Ve, AleA 132 Y F5 o] 0%= YERSTH

olg{gt A7tE EE DINA Model®] 7-felle PPMe] 327} ASH = 74 ' Ao
= Uehsith ole AFE 7 Als] Al e ZaadS S9/n&EE o] o]
AR FE3H= 7299 DINA Modelo] 3HA-0] 3&-& AAKgH

o o il Mr

Fusion_Ct=2 &+ DINA

oAXIL49 X249

(g 1) 12 =0 AXLA 99 PPM &%

A 84 994 DINA Models 283 A 'F F5 o] 0%=2 A& UA7] wid
(28 1)dAME F 7K 28-S FL83192 we] PPM #X& AA89 . Fusion Model®}
=] DINA Model®] 7% PPMe] 03} 19] 5934 £¥3t1 e A& & F 3

T3 A 84 13914+ DINA ModelS 283 45 3 52 o] 0%= &@‘49171
2ol F 7 R8-S A8 we] PPM £¥2 (38 2] A48t DINA Model€l

73+ PPMe] 03 3t Aol F&ddw Bxsta Sle A & F 3

(]
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ABSTRACT

An Exploration of the Appropriate Cognitive Diagnostic Model for
NAEA(National Assessment of Educational Achievement):
A Comparison between Fusion and DINA Models

Hee-Kyoung Kim
(Research Fellow, Korea Institute for Curriculum and Evaluation)
Chan-Ho Park

(Associate Research Fellow, Korea Institute for Curriculum and Evaluation)

This study sought the way of providing assessment results as the type of elaborate
profile by applying cognitive diagnostic model to NAEA(National Assessment of Educational
Assessment). Because any cognitive diagnostic study applied to census data is unprecedented
in Korea and abroad so far, it is aimed to find cognitive diagnostic model that is available
for processing census data of a large-scale assessment whose size of data is more than
600,000 people. Prior studies identified that Fusion model and DINA model were often used
for analyzing a large-scale assessment and there needs to search for more appropriate
model for NAEA data among two models. As a result of comparing Fusion model and
DINA model, if mastery probability of cognitive attribute is classified into three levels of
high, middle and low, not two levels of mastery and non-mastery, DINA model showed that
mastery probability of cognitive attribute tended to be unequally distributed such that ‘high’
or low is close to 0%. Therefore, if NAEA data is analyzed through cognitive diagnostic
model and mastery probability of cognitive attributes is classified into the mastery levels

more than two, Fusion model is revealed as more appropriate.

Key Words : National Assessment of Educational Achievement, Cognitive Diagnostic
Model, Fusion Model, DINA Model, Q-matrix
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