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EXM &eE

ICC-IR

RO RART

YPGB P DI ERACE I by, VEPUIRE =03 b, F S, 330022)

AT 2HURM Tk, ABFSE AR S MR AEOC R I & 1CC H8b%, JFHR LT RS 51 ICC FEPRIEIETT Q FHFEAN T,
Monte Carlo ST S SSUEMFE AL (1) SETRATEI 1CC HEPmEATT Q M EARAFARCE, HIEIEAHi D | SRS Hokk
%, A HCRSLF . (2) MR PR E——D SE R 5Tk, ICC-IR JRCREL, JF HR—FelES Bk, T spb,
(3) SEEEHRIHIFRN, 1CC-IR BEAbTHY Q FEMFEREILARE LT D* Gt ik,

A2 Q 4EFE  ICC #5457  DINA A%

INANZ BT R 7. “QH MR " Al
“i2Wrsr2E"  (Tatsuoka, 2009 ) . Q HH[GFFIA T 1
HY5EMEZERER, SN2 Hmy SR ( Leighton,
Gierl & Hunka,2004 ) . 7ELAFERFSE Y, FRATE 2
fBOR FT A2 DN 5 Q FEFE = IEA Y, - H XS Bl
PHATSWI 25, SR Q MiFEIM e IS S o 1ESK
Friz Hrf, SlE SR SR 20 L FE H
JEVEDE ThR e R e SR 1) Q M, ML R
SCHY Q M FEA M, EATIIFE &L Q M 4L IR
SRS THRAZ LRI BER R (R4
W, FEHL, WM, 2012; Rupp & Templi,2008;
de la Torre, 2009 ) . A It Q %H [ 5L % ) R ME — %
FEEE L BRI T A2 W e SE B % W - ( DeCarlo,
2011) o LAk, g8 b 220 VR BT Q
FEMEAE BB IE, 7E Q MMM [, TEC LA
(VESC, THEEL, 2010; TESC, TH R, liFhed
2011) KW FFn-EdE (BRF, £, 2011) 4355
B B PR AT 7Y . M (2015)
P R ARLAR L D? GE i ok PR AT Q A BE A 1T
EQEFEEIE I, M EHRH T 8 7% (dela
Torre,2008 ) , vy ¥ (IRAHE, 2012 ), RSS (residual
sum of squares ) ¥ (Chiu,2013) %5 5%, EAK Q
FEFEATHFEIE 5, BR RSS ¥ LIAL, P 2iit
I8, BTSN, SRSk

* AR E R HRFIEF IS (31660278, 31760288, 31300876, 31100756)

B ks R, AESRm R, R Q AERE
TR A RTS8, RISk e D? Gei e
JEHEAECH 4 DB 5 AN, TE 8 N EREERI AT,
ST IERRAE 50% A7 PRI & —Fhi oA
B SCREAFIY Q FEREAT T XA RIS W A ] B
A A B X,

AWFFEAZ HCLHEbRI IS &, FE& T ICC H8h5 (1
WSCESS 2385 ), PRI T HEAEWEZ R ICC F8trR
T Q MR, i1t Monte Carlo FLIUMF 5T
FSEMEIEA ST, A2 T Q AEFEALTHI Y
ROR, S ARSI Q H MR Ak R AT R vk
BE S

2 ICC (ICC-IR

2.1 HCI #5bx

HCI ( hierarchy consistency index ) 4§ Fr /&
Cui,Leighton,Gierl 1 Hunka (2006 ) ¥4 EPEZE%
— R bR, HTEERIOCRGIEN T E. &

AT
g 2 > Y Xx,(1-X)

JjeScorrectiges;

HCI =1— x .

12, Scorrect, 248 fi7 AL 1 IEMVEA T H
MG X B9l 1 7E55 7 B E MRSy, S =8
M2 H j W E R H4E, X, 245
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PET HAE S, i H B, N, &R 2%
BE B I R Ml 1 7RSS 7 AR 1 Ay,
M7 g M (g e S;) FA% 045, WIS UE0n 11k,
IR B HCT F8hR B P38 ] LS Je 1
|2 S iR p il
22 ICC#8hrIt R
% HCLAB PR A &, A SCHR I I H — Bt 4a i
(item consistency criterion, ICC) , F T % %8 H
Q MEMEHE, fEizdsts b, FILAE LT JLAPI
H Q B H KN WRpkAest j &l L&, 1ifE
W& w5 R H A wolES ) b
A, AR M SE j AR H EEXT; B
WSS 7 DA /4, eI v 5 50 ]
AAHFE A H 224 / XF . 1CC Fabrit AN
22 gZ:)(,(l-)(g)afg‘{)(,(1-)(j)+/’EZ\;[X,(l-X,])Jf)(,,(1—)(,)]

IcC,, =1

o (2)
X, 1CC,,, &5 AR ES m A R
f6b5, m JERTA AT AR A —F, X 2t
TS 7 LAy, S, FonillE @ s j i+
LIMBEES, X, HPORAEN R Ry 7 )58
H R S, FoRWH j ETHES, X0
Pk AE j R AR H LAY, S, AR
i H j AR I HE A X, AT S A A
[ ARG ERRSIT, N,y 8 SRR LRI AL
H AT UL ICC fatn o R AR i b . AR A
(2) , MO 5 i e, ik

AT AT REIN A= O A B I E AR R,
AT prE” (RIRE O A s H )
A A e AL ICC $84R, 1E8E ICC FEhRIL
AR HE A, T Q
HFEfT .
2.3 HETFJRHE 0 ICC fa a5 3t FHARS 0 1)
ICC f8#5

TET AN AR 1ICC $8hnmst, ] LA
PIRN i, 43R5 TR 615 40 1Y ICC 4548 (1CC
based on observed response, ICC-OR ) #1 & T Hf 48
15431y ICC 45 45 (1CC based on ideal response, ICC-
IR) . BTSSR ICC #8458, JEAETTHE ICC 18
Fris B0 0675 3 8580 s 1 ICC-IR DUt F 3R
RSB . ST BRARAS 5019 ICC F8hm Y R A
Kot RRUE

fEINIZW T, AFEm B E AR, MUz
S AR AT H B A% Z B A OC R 52,

WAZEEM (g) AR (s) AU, Bl Xt
THUH j TRE R R T A I
W] B AR AR I B E v, (EAEX T
[FIAE A A T Al R el 2 E R i
R LR, A T RE R AR T
JEIE, (HAIREHET . EHARN T, nphk e
P Z B AR R, Q AR A& IE A,
D A A A A A ICC FAR R %R 1. {H R
M FAEAEAE AR 3%, i A ) L e A
[ 1CC FEARTEA/NT 1, I HAA £ H BRI Aff 0 e A
UM 1CC Fahm/ N TR AR 20 1CC F5hs, M
ARSI LGS (GO e w1 = brie & wruT SR N-=n - B
PR L S ] T B 28 R B v o A R 355 e
(0 55 T LA 5 ICC H8 PR kiRt . B AR
I, ICC-IR [ ICC-OR B HA#,

B4, AESZPRH ICC-IR 325 (1) BEAE A543 40 4] 35
HWer HARRRE Ny B O 4E L Q KR
B EAS TR R R AL, SRS KA [R] 2 R AR X
MR TE B PR DL AT g sk
MR IR B AR H j AR (15 140) 1
NBZ T4 (15047) AL WA 21 i AR
G A BR AR H A TR R
. MR, SR R e H -
X (A1) MABUD TA (1504) A
B, NN RIZ A AR A R 7E S H %
JE TR I s Ao PR e R ATT T LA e 3 e v 1
5 (Chiu & Douglas, 2013 ) 7 Al 119k 128 % 2 42 A =
(R TIP3 B ol P B s i e i 2
A, g I BRI TS W oy 2, TR e
B BRAE S A, SRR TR A4S 4 e
Sﬁéﬁﬁgmﬁﬁ%ﬁ%ﬁ%oﬁﬁﬁﬁﬁ:
d,(y.17)=Y |y, —n,|) - PRI R

Jj=1

PARIEIZE FAEE B AREE iz a7z iy
AR5 o
2.4 FEFHIAEMSH ICC F5hr1E (ICC-IR ) #17T Q
TR A 3R

AR T kAN EE, R R Z A 2
JoFR, W—Ify 2 g ket A 21 il
Hi R, E T Q MiFF A ERT, CRIAHS
H QHEFE, iCM Quuer ARFIN Q HEFERE HFR A “Hr
B, BAGPERIT

o MR Quue & XA B 1
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(1) AR Quues BEFHIEE S B340 1A
SRR,

(2) A BRI SR, FIRE T A B
FEFTATIL OSSR AR (IR )

(3) 4 Quuer FHAETE (2) 493t BEAE 12
SYHEME L (0T IR 10C 4545 (A
21 AN ICC #8h5R )

(4) 45 10C $5 7B IR BER f A 70 1Y
IR

(5) AR DIAE] Quue tr, FEHTF—HiE
PSR

BB (1) - (4) , HLAEFTAE H R
PERHRAREQ.

BB A Q REMEIATIREMEIE.

SRS EI Q FEMERQ,, BAO,TREE A
LR

(1) IO Pkt —NEH j, LA
Hy Q FEMEAERILA, AT A B AR

(2) M4 O S R, FaeT
5B LA L SRS

(3)X T, F4RICC HEBREA I
FHE T N H IO, AR,
4 1CC FhR RO MBI TR /.

BT (1) - (3) , MFTA T HEBRE,
BEIQ, MBS RUHGAF] 20 Yok
PRI Q AEMEAIRT, TUFE I ORER,

B

iDL E AP IRIEAT Q MEREF e R, aniRss—2
) Qpase il H AR LU DB Qpoee LR — R R,
Al B B S A A SRR T AT A .
LSRRI EBAAR R A E , T FEOZ A AR
TeiETH ICC $8 bR, BERPREZAN I &R ICC 45
bR 0o MRIBMH A LRI T Q HilER A .

3 ICC

3.1 ICC #EhritA
R TET R, X LA —A Rl EIR ICC 48
FREGTHE DT, AT 3 AN H pyim =t (Hp
Quee) WI'F,
100

Qbase = 1 10
111
1 Q
AR IX 3 RAC IS Q SRR TR 4 8
S —Fh AR ) 1CC $8 65, X BRI 5 9k
RAEE, BdrgCung 1, o EsS Py s EH
AR, AR
2w s ANeEERT 3 AN H B R
BEC LA R Bk, BT IGETHER 4 Uk 5
1 AP AU e VR EL, JF R LS IR
$. PRIES 4 IR 5S | AN A ICC Fabroh 1-[2*
(140+3+1+1) /151=0.2, HAM FAEL 1CC F84rTT

1 N 4
. *18 #28 o3 4
Bk

(100) (110) (11D ?)
1 1 0 0 0
2 1 0 0 1
3 1 1 1 0
4 0 1 0 1
5 0 1 1 1
N 1 1 1 1
2 4 1
- 051 52 o530 55408 ,
Mk SR IREL
(100) (110) (111 (100) ?
1 1 0 0 0 1

2 1 0 0 1 0
3 1 1 1 0 3
4 0 1 0 1 1
5 0 1 1 1 1
N 1 1 1 1 0
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AR
3.2 ICC-IR HLPRARFS S e

2 AR A SR B R ICC AR, TR
SRR B AT R, SRS B
RAMERE, A ICC H8hR. X BB 2R 3E
L HAG T T B R, SRR Bl
PR AR A R . X LR B 1 AR

BB (BB 5 ) 7ERT 5 M8 H LAY HAR
WA T, HAR SRR B AS7
FEFEEAL, SR

et MR IR B Bl B H_EARA Y
B, BT A R R A 2R L AR
BN AR 18 0~1 iyl dn R gidqe
W j 2R BN TR KL, HAREON 1,

3 1 5
1 52 8 H3 54 355
B 1 (000) 0 0 0 1 0
Bk 2 (000) 0 1 0 0 1
¥k 3 (000) 0 0 0 0 0
¥k 4 (000) 0 0 1 1 0
Bk 5 (000) 0 0 0 0 0
Sum 0 1 1 2 1
4 1 5
1M 552 8 3 548 o5 5
R 1 (000) 0 0 0 0 0
Bk 2 (000) 0 0 0 0 0
Bk 3 (000) 0 0 0 0 0
Bk 4 (000) 0 0 0 0 0
Bk 5 (000) 0 0 0 0 0
K 0, HFIARFSMINE 4, 4.1.2 HHSEAPHSEAL
2% Lin % A\ (2012) FIg s 45 A (2015)
4 1 ICC-IR Q

PR SCER R, ASUVEE SIS B
[ ICC-IR . SHEWNAMAIIG, LR E T
4.1 Mgt
411 QUEME

SR A Liu, Xu 1 Ying (2012) ) Q JH 4,
JEPEANEATMN R 3. 4. 54, BIEEGRE A 20, Q
MNP 2 FioR.

1 0 0 1.0 o o 1 0 0 0 O
o1 o o1 0 o 0O 1 0 0 0O
o o0 1 0 o 1 0 0O 0 1 0 O
1 0 0 0 0 o 1 0O 0 0 1 O
o1 o 1 o0 o o 0o 0 0 0 1
o 0 1 0O 1 0 O 1 0 0 0 O
1 0 o0 o o 1 0 O 1 0 0 O
o1 0 0 0 0 1 0O 01 0 O
o 0 1 1 1 0 o 0O 0 0 1 O
R PO P L
1 0 1 o 1 1 0 1 01 0 O
o 1 1 0 1 0 1 1 00 1 0
1 01 o o 1 1 1 0 0 0 1
o 1 1 1 1 1 0 o1 1 0 o
1 1 0 1 1 0 1 o1 0 1 0
o 1 1 1 0 1 1 0O 1 0 0 1
1 0 1 o 1 1 1 0O 0 1 1 0
o 11 11 1 1 0O 0 1 0 1
11 1 11 1 1 o 0 0 1 1
2 Q Liu 2012

FIRFFE, [EIEE S TR R AT HetE (AF5E 2) , R
S XPAEFE AR A2 WAL (B DINA 5
R BORSHORREARSE e Smbeseds (2015)
FHIE, RS H S8 51 ez, H S 8s
1l g BYEBUE X ] [0.05,0.25], HOdEIRE 4R IR
SRR, IR AR 400, 500, 800, 1000 A
413 HATEE L

MR Hf 455 0L ) 3 2 BRI B H S 8053 B R
RIEMH ) EEXEAR P, DL P, AERAE D
%% J7 434 ( Bernoulli distribution ) 1 77 A= ¥ it 7 78
B j W 0~1 VB2 2 W45 43 response(i, j). R
response(i, j)=Bernoulli(P;), -
414 FERHEANEL

MR E BRI RO 6. 8. 100 124~ M
FLSE Q MR REALE BOERI, SRS DA Ry kit
it BRI sc e ik
415 PEMEERR

K IR (N e ) VE RN FEHR
RPBEALA: 5L 100 #EEHE, (1A BRIk 4 e fh
T+ Q MR B E AP AR bR, THARRRAG T Q
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SR v i A A P AR 5 LS Q AR R RE I
P2 Y — BOPEAE A H LU MESR (pattern match
ratio, PMR ) , Ff 11755 100 WK SE 56 ) 4 {E. R4
TR SEIAGTT Y Q SR ATy R, T
ST A B 1P B AN E A (pattern match ratio,
PMR) .

10

(=]

N successful — (nr_correct) ( 3 )

r=1

'Mk‘

K (3) W, 1, e FNER r IREHRAN Y Q 41
M5 ESE Q MiRE R a—E, e —8Hh 1,
HWH 0, K (4) o, THREEHNE 1) e P
TR 7 8 Q MM 5 5 B Q M AR j A —2,
SEA—FN 1, TR 0, R(5)d, N APHA AL,
1} omeer PN TR 7 19 EIRARUR A 510K 7 1
YRR —E, R 1, w0k o,

42 WIFLER

5 BT ICC-IR IEAEA LI 550F T e

FTREL, 3 6 J2& ICC-IR ILAEARISLE A4 T -

- i (1) BBEBSUMER, % 7 AR ICC-R A0 Q
tem J FERE AR HIE R
ZN:” F S TLIE I, FEFTA SER 44 R ICC-IR 3
- M () MORIIHHUCHIAE , A5 S IR 8 4L
subject N ERF, TCC-IR H7E=AS Q 4R T A Ak s
5 ICC-IR Q 100
LA

L Q M NE 6 8 10 12

400 100 100 100 100

ol 500 100 100 100 100

800 100 100 100 100

1000 99 100 100 100

Mean 99.75 100 100 100

400 89 100 97 99

@ 500 90 99 100 99

800 99 99 100 100

1000 97 99 100 100

Mean 93.75 99.25 99.25 99.5

400 98 100 100 100

3 500 92 100 100 100

800 96 100 100 100

1000 100 100 99 100

Mean 96.5 100 99.75 100

FET 100, FEREETR 6 M0, 7F Q1 444 F, ICC-IR
el dzE 100 Wk, MibEE B IENEUE £, ICC-IR &%
PIERfSTHRECE TREEHE, (HEEEIREEAE 90 R
Fo FEEAS QM IR EOT A R
BB B I .

HIAERA Q M FoRE, ICCIRIETEQL T
4T 6 P FERT 1000 A B H B T — KR ISR,
HoAt 5250 25 FHRRE 100% it ERf . 7E Q2 1 Q3 4%
R ICC-IR 32 B-E- 3445 T 1IE A R 78 90% LA L,
FE LA B B 8 B LI BSR4k T IF i 2 A ik 3
99% LA I ICC-IR IE7E Q3 T HIRUCRIAL T Q2, 1M

Ql FIRCRWALT Q2. #iH, JRMAEuZ X}
Q MR T, X Q3 R M T Q2,
HRCRENFT Q2. 4 Hr Q MiFERIE A L B,
ICC-IR £ Z T ATE 3 4> Q M RIS T 2 T
34 QMRS ILATR, T4 & B ICC FoARAEi i
@t eEE (RIEANEEEE T IaEEE) S5t
SR> BRI R 2 22 FAR/N, W
(1111) F1 (1110) o 32 PR R 53030k 7 > I s A5
Y ICC F8FRI BT F R FHEEH | ACEHHE . Wl
SR ] 9 8 H Y AR, BrRL ICC 48 4MEAR
P, 25 MR AI R B, AR Q1 il 2 4



Q ICC-IR 471
JEHR 3 AR E HEZ, 0 QL JEM A Ed b, 1M Q3 WA Mgt ZrMH, Frll ICC-IR ¥
M Q2 Hill& 3 M@t 4 MEEMEHK Z, B 78 Q3 LRI ILES . X SMmBEESE A (2015)
HABIRZ . I ICC-IR ¥5AE Q2 FEEAL L5, IR 45 e AR R

6 ICC-IR Q (PMR )
HEAitl AN £
YL Q HikE N3 6 8 10 12
400 1 1 1 1
500 1 1 1 1
Ql
800 1 1 1 1
1000 994 1 1 1
Mean 999 1 1 1
400 968 1 .999 1
500 952 999 1 1
Q2
800 997 .996 1 1
1000 986 1 1 1
Mean 976 999 1 1
400 992 1 1 1
500 964 1 1 1
Q3
800 983 1 1 1
1000 1 1 998 1
Mean 985 1 999 1

6 R SAHXIN, 76 Q1 F ICC-IR LMY S0 QHiME, BECHNEREZME . £ QL T, #ix
B HB IR G T 1, 78 Q2 &F K, ICC-  FMERIMEE 9 LI b 76 Q2 &1 F, R Hix
IR L3 G R RREAR &, AESEREy Bl 8. MibEEEME N EoN 2, BCHERA T T
6 T, M EHBAHNERMAE 97% LU Lo £ Q31E  FE, akxtuBuh RO IR A
BT, ICC-IR iR H BN WBEE T 1,

2
57 BRI IR, ST O 2 ICCIR - D
BEHIIE, PR G Q HTHE, WS T W T HE ICCIR B FIEAT Hrurefliih Q 4 |
7 ICC-IR Q (PMR sypjecr)
FER AN
JLAT Q HHFE NEL 6 8 10 12
400 922 92 922 92
a1 500 921 921 922 922
800 922 922 924 92
1000 914 922 922 921
Mean 919 921 922 920
400 774 805 .803 802
@ 500 763 801 804 798
800 .803 .795 8 801
1000 .790 .803 .804 802
Mean 782 801 802 .800
400 742 754 751 757
3 500 729 748 749 755
800 739 759 758 75
1000 752 751 751 751

Mean 740 753 752 753
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PIRCR, FF ICC-IR 72 5 mlbeldesE A (2015) $2H0
D Gt Rkt . D Goita ok E AR
) S AR Ul A B L 0 SEPRB 3T L] 5 3 2R %%
PR Rl ER2E, YO SR H I AR AR,

FREd/Ne BT DIl a2 0 2ok h 8 H Al
AR, D Geit T 2 el st R AR
I EHSHL, SRIGARET R D Gt M A T

2 n 1-p.
D, = ZZ{[;’I long_sz'/’gW+ (™, -, )logm,(l—:;’)wﬂ (6)
SCHIRE S 1AL, BT D G A
R, AT EEA, el m i ok, it
AT o PRUHASOT 3 A 4 SR PEE LA 75550

WFTEEERANT -

8 BINT 2 PO AEAIRI SR T I Atk
B, 39 BT AR N E AT
R, RELEREIR, B L ICCIR PAUR T D' 48
THERCR . YR EG/ >, D Gei T s R 2%
1M REE FERERAN SN, D et iy Al
FAE LT, A7 Q2 4 T, RIMHILAfEH4nE] 12
A, D GBIk R e HAEIRE] 60% A4
It D Ged b A PRI TR SR A Es D AN R
FRAE, FRAE A B LI, T ICC-IR ¥ ESERE
AN D RE A EOE Z H FA5 iR et

8 2 Q 100
SEREA B
HQEN M ¢ _° 0 =
D ICC-IR D ICC-IR D ICC-IR D ICC-IR
400 23 100 53 100 80 100 98 100
Q1 500 30 100 48 100 75 100 94 100
800 21 100 54 100 81 100 95 100
1000 21 99 57 100 89 100 98 100
Mean 23.75 99.75 53 100 81.25 100 96.25 100
400 4 89 12 100 29 97 55 99
@ 500 6 90 17 99 39 100 56 99
800 5 99 12 99 31 100 60 100
1000 4 97 9 99 48 100 70 100
Mean 4.75 93.75 12.5 99.25 36.75 99.25 60.25 99.5
9 2 Q (PMRern)
SEREA B
H QN A S _° 0 —
D ICC-IR D ICC-IR D ICC-IR D ICC-IR
400 424 1 .662 1 .865 1 990 1
Q1 500 461 1 627 1 842 1 964 1
800 414 1 677 1 .884 1 975 1
1000 397 994 707 1 931 1 992 1
Mean 424 999 .668 1 .880 1 980 1
400 270 968 .376 1 565 .999 719 1
@ 500 280 952 398 999 .602 1 734 1
800 263 997 .379 .996 .539 1 738 1
1000 284 986 336 1 627 1 816 1
Mean 274 976 372 999 583 1 752 1
6 3 ICC-IR D? 1515 AU H I 536 MARTER . JEHE T 5 Y@k

A5 ICC-IR $EM1 D G-I e sl
B ARCR, AWFFER ] Tatsuoka Y53 B0 £
HEATSEE, 22 Tatsuoka (1984 ) WHERY, 13

IBORER Q JEREEM. (delaTorre, 2008 )
PRI E SRR AR A R R, FRATTEEH

s FN g “FHE I N B ERERE, R s g 71N

UL H BRI JE 2 R WA @ s, WnT L)



Q

ICC-IR 473

YN H B EARUR BRI . RIEC AT (dela
Torre, 2008 ) fhi T HSEL, F s Fl g FHEHEMN N
FIRHATHEY . AT 6. 7. 8. 9. 104~ H

LRI, AR AR B HAE I Al RORL H . &5
Wr, S O FE TR A BT R
ALER], AGIHEICERN 15 x 575 1>

10 ICC-IR D’ Q Q
SEREAN 5L
Q HMEAl vl Jr ik 6 7 8 9 10
D’ 32 (.426) 31 (413) 35 (.466) 42 (.56) 40 (.533)
ICC-IR 54 (72) 58 (.773) 60 (.8) 64 (.853) 69 (.92)

ME 10 TTLUEH, FESCEdE T, D geiti
T RCRAR X T ICC-IR K, ICC-IR YA
TIRCR B SR A B B LT, 4 EEmtEik
)10 A, AT Q MM S ESE Q M [ —FUR

AEISE] 92%. 1M D Geit i At TR BEFE RIS EL
AIREIMAR AN B

F T AR AR TG Q AERERIIE S, FRAT]
T TR Q JiFE F Bl A48 R (11 2 f5HXT
BAISR . AIC F1BIC 545 ) o S55HUNF .

11 D? ICC-IR Q
Q AR BB G Q) AT
6 7 8 9 10
-2*log(L) 7240.00 7118.09 7065.39 7270.38 7342.77
D’ AIC 7362.00 7240.09 7187.39 7392.38 7464,77
BIC 7623.33 7501.42 7448.72 7653.71 7726.10
-2*log(L) 6889.93 6895.39 6928.53 6969.54 6911.51
ICC-IR AIC 7011.93 7017.39 7050.53 7091.54 7033.51
BIC 7273.26 7278.73 7311.86 7352.87 7294.85

M 1 ALE L, D Gttty Q M ER
T FHAINICC-IR o DR SEUERICHE Ay 2 2R
AL, ICCIR MBI T D Gtk

7

7.1 45ie
(1) ICC-IR HRETE Q FEFFAT T I HAATRIF 3L
W, IR HY Q A M H I Y B A B S
RSN EEZE, TR AT
(2) M T D’ it i i, TICCIR 445051
HhF, I HREFEHESE T, TR,
(3) SEUEEIEHT R, ICCIR A5 Q 4
MEERSAAIA T F T D ol ik,
72 Ve
(1) ICC-IR L3RR RR
ICC-IR AT EHATSEAG T, MXT TS5
(7R 5 BRI B, FEB AT R At A g, an
FENECH 1000 A, JEHENECH 34>, 20 B 6
AFERBORAHRIAE H, D’ Giil- 100 LR
PRSI T EL 1857 #2, i ICC-IR iEANE T 30 Fb,
EEEA 2R D G5 160, (HJEi% k525
Kol Q R AL B T B 5 1) H D A= ) 5

Wi, 75X A 2@ H SR E Oy k-1 4
M 5 2B e HEEH T 0-1 THr i, X
L8 A Y QAR H T WA T B — R R
AR ICC-IR it Q A A SR I 127 B 22 L5
BlErh i TR

(2) RFEAEAA FUE H rgab B

ICC F5bpite 2 LA M e &R, PRI
JERUESERE T Q FEFF I FE M Bl (R Ah ) £
BEECPE LR Q MR A AHSE (4. AL, TR
AAAF ) PUREH . AnSRAE SR RERG LA T
AN NI Q ARG T A 2. AR Q 4
Ak T LA AT B30 E A Y Q JEIE &
PR BRI TG TR B Q FEREIEA T HEL,
WA UL A H R SRR T & e B S R X
SRR H . XRERRIEE T LR AT bk
TERZF TN, Wbk TR R

BT, 2E7 . 2011). NS T EEDLIL B 35 RO h e Ledn e ik &
DFEEAR , 43(6), T10-724.

WA, B | B | (2012). K2 DINA BRI Q SEFHE IETT: . OF
IR, 44(4), 558-568.

TESCSC, TR Weleee . (2011). SHEAHLAL FE R W6 v S b R s
PERRAE . DFEEIR . 43(8), 964-976.
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WIVEEE , IR mAE  RIER £, EEE . 2015). ISR LL D2
GETHE A E e SO OFEFIR L 47(3), 417-426.

Chiu, C. Y. (2013). Statistical refinement of the q—matrix in cognitive diagnosis.
Applied Psychological Measurement, 37(8), 598-618.

Chiu, C. Y., & Douglas, J. A. (2013). A nonparametric approach to cognitive
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A New Q-matrix Estimation Method:
ICC based on Ideal Response

Wang Daxun, Gao Xuliang, Cai Yan, Tu Dongbo
(Research Center of Psychological Health Education, School of Psychology, Jiangxi Normal University, Nanchang, 330022)

Abstract Nowadays, we are not satisfied with a total score from measurement, but hope to get an informative report. As the core of the new
generation test theory, Cognitive Diagnosis (CD) attracts more and more people's attention. Since it can reveal the result and form a microscopic
perspective, such as individuals’ knowledge structures, processing skills and cognitive procedure etc, it would help us to take individualized teaching
and promote students' development. Cognitive diagnosis assessments infer the attribute mastery pattern of respondents by item responses based on
Q-matrix. The Q-matrix plays the role of a bridge between items and respondents. Many studies have shown that misspecification of the Q-matrix can
affect the accuracy of model parameters and result in the misclassification of respondents. In practice, Q-matrix is established by experts. However,
different experts may provide different Q-matrices. To avoid the subjectivity from experts in Q-matrix specification and ensure the correct of
Q-matrix, researchers are trying to look for objective methods. Nevertheless, existing methods need information from parameter and a large amount of
computation.

To simplify the method of Q-matrix estimation, this article introduces a new Q-matrix estimation method based on ICC (Item Consistency
Criterion). The logic of the method is as follows: if the measurement pattern of the item A is a subset of the item B. The logic of the ICC method is
that it is impossible for a person to get “0” score on item A, but to get “1” on item B. Of course, if item A and item B have the same measurement
pattern, it is impossible that a person gets “1” score on item A, but get “0” on item B (or, the other way around). From this logic we come up with Item
Consistency Criterion. In order to improve the effect of ICC method, we come up with ICC-IR (ICC based on ideal response) method.

In order to explore the effect of this method, we considered different numbers of participants, different numbers of base items and different
Q-matrixes whose attribute numbers are different. The item parameters and attribute mastery pattern of respondents are obeyed a uniform distribution.
In addition, we compared with the Likelihood D2 Statistic.

The Monte Carlo simulation study and real data study showed that: generally, the ICC-IR method could recover the real Q-matrix with a high
rate of success. Compared with the Likelihood D2 Statistic, the ICC-IR method was better. Furthermore, the ICC-IR method was easier to understand
and needed less computation. The real data study also showed that the ICC-IR method could estimate the Q-matrix with a high success rate. Besides,
without the needs of parameters estimation, the method was not affected by the deviation caused by the misfit between model and data. In a word, the

method is simple and effective in Q-matrix Estimation, which is meaningful to the simplification of cognitive diagnosis.

Key words cognitive diagnosis, Q-matrix, Item Consistency Criterion, DINA model



