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SyEe 7 2ol UE SR BAs] ARstyEe] AX%
2 ABAHAEA 9, 2012). Wetd 2R Rgshe AN HAt
ol hME 2 AH LAY £BL ZHY F Y AT 2Y
H

ARgEojoF & ¥ olyTt T 249 FATE SHtEA 7HEH
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FE= AN WEAAN S ol AE7FEo] ol&3 11 ¢ AFEZQ 1A
Fdee 7Moo R E3 XA Atolo) #BAE JHHE ARET
(Dibello et al., 2007). 12jv 33 243k AAAHe] E98tA =evt
Ak 7] "ol olefd HAE AXE QL] HAHsAY dHHT
3 BAS 4 glon, A4 AAY FHE QIEH dE 5 vk A=
ET8AL alSgH Tt A o] FolR AL Qe B2 AANGHIIA= QA H

7ol &3 Q)

AL 2= ekktiFeng, 2013). de la Torre(2008)= o] =k HHH o

3t MCMC(markov Chia-Yin monte carlo) A L& 93
‘Sequential EM-based 5%’ & A|4stal DINAR oA Qi E ] &xH
BB FAst=Y AEstgen, de la Torre & Chiu(2015)0 4= o] HH
o] G-DINARZA AL 7Msds FHsAth =3,  Chiu013)+=
Residual Sum<& AHg-3te] HolHE &3l QalHel & /Ml QI
g Ae S Aekstgnt. 1 o= De Corlo(2012)2] Hjo] x| ¢k 71H <
ARg-3 WP, Barnes(2010)2] hill-climbing ®WHH, Liu et al.(2012)9]  ‘loss

TS Has)t A7lE B, Close(2012)9] FHEEM S B3 B}
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o] 27 )7

1 wAZA 2T BRSOl R

HAAbo] E(test theory)oll =™ HAArHtesH& YS9 of® FAlZ, A
2, o1x#  FAA|(psychological construch)E ZA3t= AL oH|o}
(Crocker & Aljina, 1986). 1177 Ate]&(Classical test theory, CTD) FH

d

of 2Aste FYE) FHE FAHE o|2oR WANAE N tFH
o2 ARgHET Spearman(1907) 1z Afe]2of 714 % = 3A AHs
3(Classical true score model)& 1o+t =4), A3

J
2RE Qe e BBAR(NE 24 277} ¢
= spae] A4 wEAE oulshe AHARD =
ATk o714 I AFE S HE WFE 2 5 Q@A @

o B vt g,
X=T+F

OE2 A A 2ol 7HAAL e Al 7HA1 ] 7124”1 7HE ol

1

L A s @Akl tisty eapda B2 00tk (F, pp=0)
2. A ddAel thate] IH ot 2ol A= 00t

(é’ pTEZO)
3. Wk APAEC] F Y AR T2 AFE R, A7 AY
of thste] AAH7E A2 O BZRRE o2 AAdn

W, % oAHS Aole AALE 001tk (F, p,, = 0)

=

&3 1A

T

A
(reliability) & AW3tgttE Aoz 2 9o

AEE Yeile AE s
7}XtHCrocker & Aljina,



1986). 1A -G myoA HAke A= A4 (reliability index)2} 4=
S AlS(reliability coefficien)= Tha3 2] Aolxm, Udntgd o= ALY

A= T wol= A= AFE AR

or
A= A 2 pyp=
Ox
o2
T
AHE AT pyy, =
Ox
HEe] BT, BFEEE 5o AUE nugAo A L6

THDevellis, 2006). Eddol=E oW E3o] o A=E %3EE
A @A ol e TR gE PR o HERE 7 F 9

2 = 3 59 0

e 37 A £FE Aol ABATE 7S F U
e} ol mAPA|BAAE AAE AT § A2 AAE Foho
Tdolze} FPHEEE 43 Ao] shedith 23y Badol =9}
TEHEETE OE o' F &3 tigte FEX7F tE AFAE0] o
GA REEEA] g Fste AL ETFssith HIE AlFel oA A £33l
gste] F@AEC] DA HEHEAE o Fshe A Wl Fag HHo|th
olgigt THAA & A EAHES st IAFAEY Tl digh
S-S o= 4= e E3HS-o] Z(tem response theory, IRT)S &}ito

sjd o] & 4 tHCrocker & Aljina, 1986).

TS GAl BHAAA|ES m AR 9 @Ake] 5 A (latent
trai) S oW =4 A YA(scale of measurement)ES A&3te] ZA3t= A
o A

of 71 F&o] glom, 11 AL FEuiet 13t THAlE 2SS ASA

(Item characteristic curve)elg} & 4 IthBaker, 2001). EIEZF4HLS

H@ate] sy wet F3o oJ9A REEAE UEE FHSE o

(2" -1 22 FeE 7HAH, 22kd Hx33000A x5S A 5
2 FE(p0)= YERATH
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ﬁ
S
f
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: Baker(2001)
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2= 714

(Baker, 2001). 124 ZX

_er

np

N
op

o]

<
)

1+e 0=0)

np)
1)

o] AH gt FAI——0)o] HFS

T
9

#

)
A (Maximum likelihood estimation)©]

to] 3

S

Fgol 2ol A 74}
o HEE FHZ Hof

Rl

nR

=
=

Ao 9=

L
) B

Z(g)l

=
[¢)

© = (likelihood) &+ 3 2}

, 2004).
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2. A ZFH 7} (Cognitive Diagnostic Assessment)

Hrrel EAo] myate] F8E Aesh= oA JPAe d FHE
st o U wg - FFOoE Yok £ JEE Fv ZoE g§4H
of wa} 7 HAXEY AXA FFefHl #I HARE AlFste= AR
e o] FEwy ¢tiDylan Wiliam, 2007; o3, 2014). QA X EH 7}
= 71E9 A ol AAAY oS =3 o=, JETAY T
45 T Bud Ziﬂra] Fe = A F3} 5.“3%01 S5k st
AFZ RIA 840 g AR 9 S g5 AHS AT K83 BEE
ALt wrgko w BA 0] o] Zo] X tHLeighton & Griel, 2008; 7137, #

], 2013).

2.1 AXXF7E g 2 8o 49

% 3 &S ¢
A=A A A2 Qox FAE F= FAHANA A 7|5s AL
A2 B % ot 737 22012+ 20119 FAAAFHAE 58 HIteolA
g 7 JIA8LE HAFHor FESP]T, BA AR siddst
71" 5 F HAY A AE AANEAET, oAES BT AATA Y

o

A g & 5 Yok

- Q¥ (Q-matriv) : QP AL AA A&} E3fo] FojRS o, 24 £33
Z @ 47ke] #AE el e PFE Tatsuoka(1983)o oJsl 2o =2 A
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AR Ao QR 2 P N e Bge vehm, 2
de Az e AXess dehin. o, i el dues 2ae
daste juAl Qo dRes AALAT 2 THE 4% QIR (1))
~fae] g 12 UEh, of AA8sst aTHA 9t ASE 002
UeRiTh &, Qe et o] Uehjolzit

ol

28 A4 2% 7 2 7=
e QX ek b 2 TE A e )

ol

g; =1 (F3is 2
=0 ®Fig

oAE Sof [ 11-2]d ekt Axol oA 7He &3] vl 7He <A
axsl BAHY 1 WAV A% Tolo 1A L AS, 0E2& =x
s} go] QuAL AL 5 AUrk

Ao
oot
1=
re
>
0
B
e
T
X

. S E] (response pattern) : SHHES FFHA] 7 E3o
< il WEE ZHS AR $H
to] daes 03 12 A" o

i e AHEe vile

=
N

do o [ £l
tlo o N

=l

k

N

N

o
)
rok
U
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. gAY QIR 8 AWE BF - X g AWE(attribute vecton@ Q1A 8
o] 2FoR e ZES HHIFHE Yepd Z0F, O Hole A
80] Jf59 2} dE Bol AX 849 AFTL kAT B, o] K7
o AALAE 2HT AXNLEMEE (0,0....,0)5EH (1,1,...,1)7H4] H)

ATh AR AL A

;

. 7|Huk8-H e (expected response pattern) : Z]thurg-olgk zbzbe] QIR
SaME &3 APAT}E T AAQAHE Q] Q1A QAo F3tol| wet

7zt B3)o] tste] ojEA oMo 2 HESIAE UEPA Ao TroF I
A7) slg EAE Fed TR/ RE AALAE #5904 19 #e,
a5A e 09 g 7HIth oluf 3 A FAe] BE EE] tiE 7]
Ot e FHE U4dd s ZidasHE e} gk & S0 6719
o2 ofFolR HAE Tl 479 AL 4ol iF dPdA=e Y
< =5 Aol Qo] [y 11-219t 2otx 7HAsAL olu oY
A7 £ Jde AALAWEHZE (0,0,0,0), (1,0,0,0), (0,1,0,0), ,
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WIET A 2 AIY | 28 e e
% Ly
&%‘& <& &,
si2l 43 mangl =
- IRIQAY Sg4E

A A cgEeaMsE

otz @2
- w2abg I - WM 8
- D4l AE

(238 1-31e QXY Brhe AAE kit WA m&Igol
S Bol FESok s A4 AXa2st AHHY, ol B

A1 o HIYUF HAETI AAL Brhe 2 A are

B BYEE o FolAn, A ake Byl BF

Fu)5@ olBe] BAE ekl Qo] AZATh At AYE F

se F 39S EUE 7 Axase] 4° ZEsds 3

?}’___}—

3, o) e St WA WY

2 #0

=
2

ol MPAAEY 7} £l HFTHES EUE JAALALMEE
= HAA JAGRH o] Hasit) JAAINGHTIY] PO 2= thwZ
© 2 RSMXE¥(Tatsuoka,1985), DINAE & (Junker & Sijtsma, 2001), Fusion®
YHartz, 2002) So] AL, 7L o= o2 7HA] P So] SAsHH,
A= AL el ge R S ARES] AA ARE E2AE 0}‘3} =

|
i
3

rir
H

£ QAuRge YA 7 Bael o AHelne, TE-asit
BAE Folol WPAe] 7 AA ALY SPIRE FARAW, 2Fo] o}

2 71 2T Aol EA BT,
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2.2 RSME &8 3 Hamming = &

RSME&(Rule Space Model)e 3HAES] o/ &2 23l&E EAst=
- W (rule-assessing method)? 7701 &4 3 (personal-index
approach)-& A3t =d & KTatsuokaol] s /M 37| ARG
g o|thTatsuoka, 1983). %7]19] RIMEH2 S0 EAE & u TS
T e 98 7HA &F FACule)o st EAste FHIF S, AL
24 Q¥ E 59 Ado] g uet g3 Zol AHEAh

RSMEH ] 3 WA 4L P29 AALALHEE 83k, 2 <l
Ao awE e Z|gu-gHE S F3t= Aot Tatsuoka:s oW EA|E o
3171 YA e o] BAIVE 2= AALAES BF sEd)oF sta, i
E 93827 493 AAQAENOE o] R0 EAE= wd 4 oia
7HStA T I JIX AW E e 7|tk E Alo] o] 98 e AAE
Ueh+= &= Boolean Descriptive Function(BDF)olgt w3ttt
(Tatsuoka,1991).

N@AE] SHHEQ} 73 E = IASHA] s & AUtk wEbA
SHHE S} 77k 7|t EE Folg= BA o] I
RSME A= A4 AdA=9] &
space)o]et= F7rell wl=H(mapping)d+th. ©] Rule space:= IRTES E3af d&

Sl MEAESe) 5y W g9 sl
T

<

il

H

E
)
1o
2
o
o
oL
5
o
wn
—
=
jon]
D
wn
&2
filo

50 =2 3= 3akd Fxtelth (09 ¢

=]
= =
TE FOR gk 22k Fxtol wWiBske A= JbeEtAR, 33 etE
i

1996) Tatsuokay= @259 SHHE7} 7|oik-g e 9} 22 3= )
S =BT el A, SEHEE ‘fuzzy response pattern’ .2 Ha
3} tH(Tatsuoka & Tatsuoka, 1987). 1¥ F2F37Holl A fuzzy response
patternel] th-&=+= HEo] ZIHREEHH| HEHE HE FAHSE st

35 €}l (probability ellipse) FHeoll W 2o Egthdtai(swarm around)
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FHsAT

oA ep g 2 adAke] SHHE S ZF QA2 4AWE o] 7]t vk-g-H E o
Rule space’tellAl  Mahalanobis Distances(D?)S ZA4ste] ddxte] ¢
Bt 7 77k SEEE S 2 Aotk 18la 7MY Tk &E B
of sFEH= AAQLMEE HPA JAALWEE EIit)h o] HAo
A LFE HAgsr] Y8 wlel= AAA F=(Bayes’ decision rule)o]
AHE-H T

RSMEFH2  2001d 10€HE  PSAT/NMSQTS] EAe] &&FHAN
(Milewski & Baron, 2002), 1 <Jo|= SAT (Tatsuoka, 1993; Guerrero,
2001), TOEFL (Scott, 1998), TOEIC (Buck & Tatsuoka, 1998), NAEP
Science Assessment (Yepes-Baraya et al., 1998), GRE-Q (Tatsuoka &
Gallagher, 1998; Tatsuoka & Boodoo, 2000), TIMSS % TIMSS-R (Tatsuoka
et al., 2004; Xin et al, 2004) 5o E 7}A F2 A 4o 853
THDogan & Tatsuoka, 2007).

RSME & Zho] Q1A 84 HE|S] EFol| A /dES AHE3tE E3 o
2ZE Hamming® & o] ¢t} Hamming= &S Chiu & Douglas(2013)el] <]3}
ME HEs ByPoau@are] 3o ok AA SEHEet 7S
W E] Alo]¢] Hamming distanceE HAE THoE QXL AHEE ¥ F 29

Hog ggith E&9 At F lela, JdFAe 3 jol g &

59
G< v, /1SS 1,2 @ W, Hamming distancets th&-3} 2.

=

J
dy = 2|Kj—nij
/=

Hamming =@l 4 2E QX axuele] tjate] 7]djukgue sl 53
Aol SHuE Aol AL 4, F I, d, k0l M AL W] AA 8
AMEE Y @A) PR AYPT webd B QX ane] B
AE JElE QR AT FoiAw By 5o F47Y flo] SIS <
A

2aMEE BRY 5+ ik vES 2ge dolHY R A2 W,

7



Chiu & Douglas(2013)°ﬂ/\i1_ Hamming 282 F 71A #Ho =z 3343}
=8, A WAE= Hamming distance(d,) ™4l 338 7[xE 133

weighted Hamming distance (d, ;)& AH8&3h= WHolth ofef AolA p,=
NEAE T4 £ ;5 23 J@Ae] mee yepan,
J 1
dqu: E - |)/27_n2]
i=1p;(1=p;)

T HA WS O3HdA AW DINAE%-"J oflo|tjol & & g3t &
g BdE E 5 UE ARA8AE ZF 7P JAW EF A9-<l slip A
3, B9 /IR 847 s EFeta ‘3!51 74521 guess’d3S 11

gk penalized Hamming®#olth. o] o Al= guessingel al33t= 7}

A w

,oF slipell sjdst= 73 w, & AHESt AlE dEhdth

J
Zw 1y, =11, —ngl+ Y w v, =0llY;,—n,;
j=1

penalized Hamming W& o £
ole} o] gAH Hamming B¥E

2 7|er-gaE e} A @ate] SR

23 A7l B oE AdAe] JAA QAW EHE BRI

16



2.3 DINAEZ 83} Fusion®=3

2

ol A A7 %%01 ARG RF el Z7|Feetd, dA 7P e
e e AAXGEY o2 = DINAZE Y Fusion28S & 4 th DINA
23S Haertel(1984)o] 2J&] RLCMolgt= o]E0 2 g A|A7F HAa,
Junker & Sijtsma(200Del ]38l ol EGlip) EF9 FE(Quess) 5SS 7HA =
DINA = & (Deterministic Inputs, Noisy-And-Gate)2. 2 AHHA=HAT. o714

gt £ PIbY Wed BE ANLLE £5F ADAT
2 B34 z

rl

2Ee 27 Y FE2 YL, FE5E 29 w3ey Wa
& AHRAE FAA et 5HA e AP BYE 2Y &
L Uit B3 ;o olgRsE s, FZRFE @ T U
1=5,>g). 5% g5 T gol HeF & Yk

gk ol A et aik% AE P = I3 a/':(am ®ig; "'70%1«’)35 o AR}
o] A2 HE Yells d4o=2 AM87bssitth oju, DINARE 2

@Gz i7F 2 92 FES o= 2ol Hofith

H-==AHMaximum likelihood

A WG] Sguest F

DA By FAgYozs
A

estimation)o] 7} R\ o2 ALgHT

e

17 - ’j‘“_i _u::_rii.*.



qHe W, 7 AAS

A
(likelihood) & A 4FskT} $-
=]

DINAR g o] And-Gate= 3 &< 27 fdllXs £33 @4
EE@nd) JdALALE sEeor 2 ordth. DINARF I FAL
DINA = & 2(Deterministic Inputs, Noisy-
SETE 7IXIge HolA DINARYH FASHY ZF 3o #Hd
845 FAAA SRt st &Y
tHTemplin & Henson, 2006). &, DINOE& A H@A ;71 &35 &
g FELS DINARFI FAd3 2o

'~<
o
T
)
=
e
e
el
o
M
It
9
i
o
—
o -
ORI N U )

| OI%LE—’FS’% FESETE 7FA = NIDAEEHNoisy
d-Gate)o] 1} NIDOXE-&(Noisy Input, Deterministic-
o NDARE & ofE FAE &7] Al &

= oA DINAEE

%
4
Input, Deterministic-An
Or-Gate)e A& 4 3
HE e JIA8AE F &2
F3< 71Xtk NIDAR ¥ i
g2t & o AJA 7 2F ;& 2 FELS Us5H ZoUunker &

Sijtsma, 2001).

[1]0};1[‘

==
T= Sk T'l -J—'I_E
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(1= s,)" g~

=

B3

1|ai) =

P(Xz-j

)

2

27 olgrnd, F2rErl ofd 24 interceptE (), ), slopeF

2y

oM AHEEH, 912 Al

]

7ol FES 4

ST
=

o
;.00
il

5y

o

&

Ak i7}

A& THTemplin, 2006). NIDOR& o A 3]

=
=

)

olp

ol

or

o

(>‘07(k) + Al,(k)aik)q]'k)

Zdojty. NIDAR

1
| .

Zt}. Dibello et al.(1995)2} Maris(1999)

Hartz(2002)¢] RUMX & (Fusion=3)o]t}

(Dibello et al., 2007).

QA

E=%

1

K
k=

1_sjk) O] UH Wj*:

4 (2 1,

golgtm Heols

g 3

5

i
=2

HK
o

or

—

~—OE
7K
o

Ao

%O

3

g]k)i X(—)] 9]

9 jk

(&

or

X

Aol &g jol o]

[<13
o}
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o oolm AA MY o0 Foke= AFA 7 27 jE 9T FES

_l (0

K

ii = la;,0,) = ¥ H (Tjk*)(l_ ) Xq.VkP([l(oi)
k=1

A71M g Qo] BAB AAL2E AT AP 19 S8
o 2 7} o zelwyo] dnhd o
. P (6)E ABA 7t QY H] HA
97 g etsee B jol gul=A HE¥ FEL st =

1 b ol s
ST e LG ) A o] gt}

Fusion 289 A TAAS 93] 283 8450 5 QiH
BAEA &E F dve 7teAS A te ZoltkDibello et al,
2007). =, Fusion=2 &A= Q3 E 2l &k A(incompleteness) 32 3}7]
A8 JFA JEFsES UEE %53 2 9.5 =YY =3,

B, o2 55 o 0,5 ASTOEA 71E DINAREY, NDARE 9|
g AEstatt
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3. Q348 elF3HQ-matrix Validation)

AEe Q PFPS AR E3ohdE AAAG AAE 588 Ao 2o
BlgatA 22 4 tHRupp & Templin, 2008). Q3P| <oF
[e]

&:

(misspecification)= A &3slA] &2 FdRFo] SAHI X ¢ ndJgyS
LA Z)AL, ol AFPAEL] AR QANETE AR BFREE 102 o]
A 4 9l7] wjEo|tkHenson & Templin, 2009; Rupp & Templin, 2008; Liu
et al, 2012). WA QA Ho] dwpt A el H=A = A B
FEo} AAdEE FEolgt & 4 ok o]9 #Hste] g QPEES w
7] g A7 H o o] FoiA 7] AlFh

AA] B E(validity)®t ZARS] FZ ol nlFo] RS w HA A
S F7H 5 o250 AAFE AEE 9w dtHCrocker & Algina,
1986; Wainer & Braun, 1988). H}E‘r/ﬂ Oifﬁ?ﬂ 74/\}7} ggeitts AL 1

| 2

gropdit), QRlEA2 813 8 JQE-A(Confirmatory Factor Analysis)#}
A g ol A (Exploratory Factor Analysis), A F 7}x ¥hHo g Udth
(Thompson, 2004). B4 QoliXo|gt Holx= AFEN Holx k=
A= /‘POH TZ2E 273 HelHE 3t dojll= Wiolth. v, &
AHgste] QRIES FERE AMEO|

N
. =
$AY 5, o TRE ALATRE BABE 2AGel BAH Faol 4
[e)

fo

7P dubdel e e wake] e AEvhEol

el BAZ AN HoHAEF 9, 2012, T

v Ax 0
oA Ak QUFL AH Ae] AE o3 A EE Arjz



e,
fr
Lo

=0

o

=

o

E2 B wEpA | E3o] oW 845 et
A7F & 4 Q7] wiEe dALE BHAT
AbEol AARE Qi Ee] ¥rEAl AAg QY Holgkal F
gdo] 7k & A+ F(misspecification =+ =7
2 AdEx Yoia #7137 -$underspecified), &+
AdDg 7713 7A-$(overspecified), 18]al o] F 7}
WAEE 7971 9thFeng 2013). ©]#3t LF/FE /As7)
AEZH] At 54 f4d mE £AA3HE AAA =

%0,
[
ol
b
&2
rlo

N
EE
‘Q‘O
o
2
O

i
(i
o
N
ko
(TIPS

rlr

Iz o

N
Y
lo
SO

4 do XN oz o
ol A
= -
o
o?‘:’,
i)
rlo

~
o
lot
o,
L
[\
o
)—J
N
N

ofo] Wz} ¢4 45 Tl A3 QP S Folurie WSl A
=71 AL, o= Q ABAAA 71ES] QBFES N

Advzie QiE EldAd 4 W&, Q¥E B3t W Q-matrix
validation method)o] #3 ATFEE olo]FthFeng, 2013; Torre, 2008;
2009; Torre & Chiu 2010; 2015; De carlo, 2011; 2012; Liu et al, 2012;
Chiu, 2013; Desmarais & Naceur, 2013). Q¥ 9] ElFAH S E4&] 9o
A "Rl AL glgAd A (validation index)® ol= Q3 Ho] el A

5 UElE= od 7|Ee] He FAE e, B gdAe 35 A

= ‘Sequentlal EM-based ¢¥H° <= Ak
A=, 0] W2 DINAEE Y G-DINAEREO| A Qe AXEH RES

FAsH=E A F3FA tHTorre, 2008; Torre & Chiu, 2015). BE?&, Chiu(2013)
A= FFAY 7d-SEHE e} AA SEHE Ate]e rss(residual sum
of square)s FH43 A7l WEFo=E QiyES 711*4’5}h QI E4 Y

(Q-matrix refinement methodE 47)sla, o2& oz =wagth De
corlo(2012)= wlo] A} 7S AH&-3te Q%E"‘«l H3gl BES Zohy

= WS kst e Liu et al(2012)+=  ‘objective(loss) function’ <
Hast AN7IEE QPES Mt WS Attt =3 Romero et

al.(2014) N A= LSDME&(Least Squares Distance ModeDo| Al A-87}5 3
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= M9 AR =MAD, LSD)E /N3t al, Desmarais & Naceur(2013)
A= SEHHYPA(Z do] e IAgAte] SEHE)S Q3P Ig

So) AXazMHPAL do| B @A AX22MEE H

2t
ko] B sl= el ALS(Alternative Least-Square Factorization) -
2788k

o] Q¥E B3t WHES BT 7|Eo ARE QIFES AAF HolE
EAA A4S Esle Fdrefinement)dVrle W og 11 HAHLS oS
I 2ok WA AP 23-84 #AAE JHEEte] AFs QIEs 27
Q3d= AAstar, A HolHZRE o] QA B AFE Arte
o I B QBEY dFE HIAAVIEA BHEAE AFTE B FoAle
HgFo s QPEe AAES WFste BEAAHS AXTh wefF B A
T7F Fes Q¥ Fo] B onstd BgA ATt Fobx= UEk
o=, B34 AF7F F5 Qo] S oulstd g A7t A
A BFo =z QYES Adsto HFZHOZ /M F2 B AFE 7t
Ae QYES deth I1HERE QFE AAPHES AL HlolEd o&
ste] QA H Y YAE Froh byl &A1A HE Wijelgt & 4 T

e} 2ol vFe =wolA oAg 7R BeA w4 W Ee] A9 Tt
<8 2 AFedA= Chiu@013)¢ Q3lE AHH WH(Q-matrix refinement

method)dl] &S T3 AFE H3P3H T}
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4. Chia-Yi Chiu¢® Q33¥ AH#HWH(Q-matrix refinement
method)

Chia-Yi Chiuell ¢Js} 7Bd Q3E AHHAYWHL RISResidul Sum of
Square)gh= B AAITE &85t QIE S /sy #H ol oK Chiu,
2013). Q¥ E AHAYHL daglFe] o|EFo 2 FHo| HIAS ¥ oY

o o
>
oo
ol
ol
N
=
Hd
=2
juh)
+
An)
lo
>
o2
=2
0%
r ol
g2

o
=
=
il
X
i)
i)

webA A @A 2 vEolt & uf, BE AdAe] 27 ol thd
RSS2 T3t 2T

N

N
RSSJ: ERSSU = E( Y,-j—m,-)Q
i=1 '

Il
—

Og(:g
s
ftlo
)
o
%
T
)
k)
ok
R
1o
=
@

0
=
o]

rlo
3

»

2y
s
ru
e
ot
A
>
=
fr
o

=0} wekA 3 W) iterations ot I
FTUE JAYPH, HAA Z2A AT F3F
kel

3 WHE o] RojHn). aBEE g 3149



S ey fsiA virSg =4 HQl Hamming® & o] AR&-F ),
2l ¢ FEL U3 ZtHChiu, 2013).

- QWA Ve, 506l Ve FojA) 2-4

% 253§ ool b WA de wizbA,

tlolEj e} (204 d2) AFAS (AL SF 2
23dg A 59 EFE RIS HE =

QA Fajol Tt QUE & o 2" —2(xEe a4
) 0-1MEl & vHto] BHA RSS#EE ALteta, o] gro]l Havh H
E ¥MEHZ & dAwt olgA wE @E Qe s,
S, = S,/{j} = 3kAL

ol
ftlo
C
g
M
oot
o
Y
[TP_",
2

A (el FRFe] & wj7hR) whESi

£ maximum

ot

iteration7}A] W&k},
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7holl 2291 QA 9]
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3561 ©]
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o
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71, Q1A Ao
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il

o
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tgom, 23pd

-
At

9

7t A

o=

(Attribute Hierarchy Method; AHM)-S A+§&-

o} ofzf <

i3
ﬂ
=y

]

T k3
+n
7l
5
1 —r

4| &

1B}

a

AR
i
(]
g

o

48

106
72

49

A

i

34

33
25
38
76

]
Tl
(aa]

24

M

__0_|

Tol”

96

I

76

117

117

I
ol

15
(1.60%)
0 +A9(2015)

181
579
(61.86%)

342
(36.54%)
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A GQRIDNAE dATg A dAEFA 9o EIES A3
g a3 Y& 715E oy E M-DoA AdHsts= 10719 X4

2Fow Wi, S YA RS BAH ol

ZAT F YE 25709 BFgow HAAS A4S

bt Beorlr
1o

Q1A 8 A {4 YE
Al AP AL B A o] AL
A2 29 o]
A3 A= 2l o] sl o]
A4 A F7)(54e 44 23
A5 A2 &g
A6 5219 o]s
A7 A2} H-52 s ojm
A8 YAH52A F7)(FEAe 44 23
A9 AAEF2 &8
A10 2 =dy

(A1)
(A2} »( A6 )
/ 3 \ \..

A e ey ok
|A3I|A411A10I|A8I (A7 |
_ I Pl I -

‘;-- S

[ As ; [ A9 )

[Z2281-1] 21X Q4 7+ YA =
4 . £49(2015)
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Set 1 Set 2 Set 3
o] &=0.05 o] &=0.1 o] EF=().2

F2-0.2 F3=0.2 T5=0.2

<E M-4> 2o ALgH F3F 2=

0.1, 0.2%1 37FA &l tiste] z4z} 10008 9] s FAES o=z g+

ol e WMo AFE sPgEolHE g o|wmFTE 0.05,
A
AAHE 10008 Ry axg sz
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3. B34 &4 HH

=2
X

>~
o
op
it

o
=2
2
O
2

B dFolA = Chia-Yi Chiud Q3d BHH
2HE AVERSST= BISAATE T4 °lE
2
X

BEAuH S /a3t Chia-Yi Chiue] Q3E HHWH3 AVERSSES
g83 Q¥ E Bl B4 e ooy 2o

3.1. Chia-Yi Chiu¢] Q¥ 84 '3

Chia-Yi Chiuzh 7% Qud AAYRL Mo 7ot 2
Sl ALE FoFE Q g ol
(-4 22). DA NP2 58 vgolet & o, wE Yo 24 o

3 RSS AL

oz} @ 4 itk QUY Ad WelAE o YW pes@Ee Has
A7E BFoR QBE S AMs T

1 & )
3 - 2] 8-



< U= AVERSSE A8
71E9 Qy¥E AAYHAA ALEH RSSE
7} 2glol| T3t T FHAES9 ODHJr ZItk-go]l g A5 Ao
& ] R

o],
AR BPgolns TP Rssjak%—% shbel Agos 5UY B
b ATk ol AMA WA gesgEE A@AL FR FHF T 1

ol o= nptolFE HAgo] dastth RS #e AJA] FU B
FE gol AANEBZ RS FS AFAL F2 UFdth ols EI

AVERSS;EF Aosal, ol %59 7w dAlegel v A4
HIP2hHe H&S YEA B0 S,

N

N

= = i=1 i <2 3 e R
AVERSS; = — v (v: s Ao )

[y

olgA Aot EdE AVERSS,E QFE HAE tixsE= st
Joz E3slr] Yeide 3 sumy HHaverage) T 7HAE A4S
T Utk SUMRSSE Zt7+e] AVERSS#S U FOE, AVERSSE
AVERSS;®| B o2 Aoty

J N
E RSS; Y] Y RSS;

i=1 _ j=1li=1
SUMRSS = J;A VERSS; = == ~

J J N
Savenss, Yrss, Y Yrss,
AVERSS = SUMRSS _ j=1 _ =1 _ S
J J NJ NJ



w7 orolob it} welx] Edlo] WS 4R AXNE SUMRSSS E3H]
Mol F&FS Wz = AVERSS FolA AVERSSES EVRAXFZ A
23 A=

AVERSSw= EE HdAe} BE &3 Uik rss;ol Hgtolst &
& glom ztzkel Rrss 7b 0 EE 19 %S JHABE AVERSSE 03E
74219 gk 7tk 283l Rrss, =190 Ass JA@A o &F 5ol
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ABSTRACT

A Study of Q-matrix Validation Method
of Cognitive Diagnostix Assessment

Ann, Hee Sang

Department of Mathematics Education
The Graduate School

Seoul National University

For many vyears, evaluation was accepted as processes of confirming
whether students learn what they were taught properly when the
sequence of instructional activities was completed. However, recently,
there has been an increasing tendency to conceive of the purpose of
assessment as activities that are intended to guide the learning towards
the intended goal, and that take place during the learning process, not
just measuring the ability of students for quantification and ranking. In
these sense, Cognitive Diagnostic Assessmenf{CDA) which is able to
provide concrete customized feedback about students’ cognitive strengths
and weaknesses has become focus of attention.

Cognitive diagnostic assessment assumes that cognitive state is composed
of multi-dimensional combination of many attributes(skills), and estimate
students’  skill mastery from their item responses. The matrix of
specification which represents relationships between each item and each
skills is often called Q-matrix. Because the result of cognitive diagnostic
assessment is decided by students’ item responses and Q-matrix, the
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analysis of assessment result would be incorrect if a misspecified Q-matrix
was used. Therefore, to prove the reliability of interpretation of
assessment result, the process of verifying the validity of Q-matrix is
needed.

This study focuses on Chia-Yi Chiu’ s Q-matrix refinement method
among various Q-matrix validation methods, analyzes problems of this
method, and propose A VERSS validation method which is a new validation
method to improve the problems of Q-matrix refinement method. A4 VERSS
validation method is a quantity approach method which identifies the
validity of a Q-matrix, and uses 4 VERSS as the validation index. The
Q-matrix of a mathematical assessments in Yoon(2015) was used for
application research of A VERSS validation method, and simulation study
was conducted for analyze the effectiveness and accuracy.

Chia-Yi Chiu’ s Q-matrix refinement method is a method to improve
original Q-matrix using RSS as a validation index. The result of
applying this method to real cognitive diagnostic assessment shows that
the refinement process derived the Q-matrix which is inconsistent with
the theory. This problem could originate from the assumption of
Q-matrix refinement method, because it was confirmed that Hamming
method that uses similar assumption also has the effectiveness problem.
This exposes problems of exploratory approach for analyzing Q-matrices
of real cognitive diagnostic assessment.

In this study, AVERSS validation method which is s confirmatory
approach method was developed, and A VERSS was defined for the
validation index which represents the validity of whole Q-matrix. This
method confirm the produced Q-matrix by comparing RSS of Q-matrix,
which could be computed from the assessment data, to the cut-off
value. A 95-percentile from the distribution of A4VERSS based on
simulation data was used for the cut-off value of this method. The
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result of applying AVERSS validation method to misspecified
Q-matrices shows that this method notices the misspecification of
Q-matrices with a probability more than 93% if the misspecified
Q-matrices differs from the true Q-matrix more than 3%. It means
AVERSS validation method determines the validity of Q-matrix
effectively.

This study developed a new confirmatory approach Q-matrix
validation method which is applicable to real cognitive diagnostic
assessment, and compliments the problems of existing Q-matrix
validation method which has exploratory perspective. In addition, this
study shows potential of AVERSS which is usable not only for
Q-matrix validation but also for improvement of mathematical cognitive

diagnostic assessment.
Keywords : Cognitive diagnostic assessment, Q-matrix validation,

Confirmatory
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