ET KAWL RITTIAFRIZET Q Bf%E
f2IE: MXIUEHITENH*

ER JmEE? BRI R

(YT PGIRTE RO AR, FE, 330022)  CHMIMTE RSO, HFH, 550000)

W E 290t KA I ARSI R R B EEEA, EX T 2 gt
BRI Q HMEE IEIE A R T . AW 78 2230 2 Gt /- RZ W Q JEFFIB IEJET T, JF
AT R 2 WO (B R T 50 H 2R 507KF ) Q AEFEEIE . ROAHXHI G Geit- B R T2 4t 2>
IWHIEWT Q JEFFEIE, JF5 4 Jiik stepwise 7% (Ma & de la Torre, 2019) #EATEL#L.
FEFRW]: BIC J7VENS 2 it 7N RS W Y ) Q HE FRAZ T B A 5 vy A ) v 2 R Jag 44 4
R, HXT Q MFE MK SR T stepwise J7ik, BIC JiAAE 1E 5 1M Q KR4 -5 %ot 5 il
H EE AR, XA iR BIC e AIC FI-2LL RIUHELF, fEsckrd, & T Lk
$ BIC EHHTINEG Q HFHEIE: Q HFHBIEMCR Z R AN E sz, 39 i A\ ZmT Ll
ferm Q B IERIEME. B, KUITNZ RISl Q MR IER At 1 H 21 T7
S

KR IAEIZWT; Q FEFE; seq-GDINA; BIC

1 515

e G0 B 5 0 NS08 o oF 5 A (I RE I HEAT VA A HE T, SRDR A 252 A 1) 2 5] s i ok
ATIRY, TR 805 5 000 BN T R A SN e B4 AL VRS B o BEE PP R AR IR
J&, NATIA S e SR AL ST VR AN S TS ., AT HEA T %o 1 A Rl R B 2. A 02
W71 g DA O B2 ML RN B 2 (R 25, T DASREIONE AR A 00 BRI 3 B AMA SN 4 RE 112
T, AT SRl ot e b kNSRRI 0 51 A4 e 5042 (84K 315 (Chang, 2015; Chen, 2017; k%48, E
XX, 2016). Ak, WHFENDFR T2 BANREHIDIRERITHERA (Cognitive Diagnosis

Models, CDMs) , & WL DINA (Haertel, 1984;) . NIDA (Maris, 1999;) . DINO (Templin

Weks HIW: 2018-12-14
* R EREERES (31660278,31760288,31960186) « VLIHAEE T A AGIH IE4E (YC2018-B025) i
TG Y6 R 2t 70 AR B8 AT 22 T3 E IR B B
BN AL RS — 1R .
BIE#E: R4, Email: tudongbo@aliyun.com
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& Henson, 2006) « R-RUM (Hartz & Roussos, 2008) « A-CDM £l G-DINA (de la Torre, 2011)
55, XL RIIE T 0-1 THA B S B . O T IE N 2 GO IS S, B AL A TR IT
R T REH T 290t BN FS W B AL, W2 2%t 41 () GDM (von Davier, 2008), P- DINA
REAY (IR, 8536, W R, TR, 2010) « £2¢/ LCDM (Hansen, 2013) . seq-GDINA
(Ma & de la Torre, 2016) %5, 5IHARK 2 HKit A ATE, seq-GDINA HEAUAT DL H 7K
SRR 2T 505 X Q HEFE, Ma Fll de la Torre (2016) K510 H /K P Q B2 XL
NAELIHRAL T Q P (Unrestricted Q) 1M % T2 7K1 ) Q B 5E SUNLIHAL T Q Ff (Restricted

Q). Xt FH AR A45/3—6 RS A=A 38 B step 1 15 45/3=15, step 2 15 15-6=9,
step 3 A9 =3 . EABWAMELE T =B ALGRE). A20805) AR ZZH). T
EK?%Q%H%&%W%QH%X%%zﬁHLWﬁﬁW%TEAEﬁ;W%?%%%

T Q KRN T B i ) P IR (B — MGG BT Q JEFEARE, Kz T

100
FONARTH) Q MiFEE X N g, =| 010 |, R step 1 5 1 A1, step2 f&E 1 A2, step 3 Jll&
001

T A3, MBS, T30 2800 Q HEFE T LASE IR AN SR 2 AR AR DS AR, AT
B PR m AR K AOMERTE (Ma & de la Torre, 2016) « 5 T3 H /K Q 4EFERIZE KT Q 4H
BERITELNA AT LLZ2% Ma Fl de la Torre (2016)f)SCHR. AR, FEF152K51 Q MR
RE S A b SN H B IR RN P IR TR B S M. T AE SERBR RS20 R0 K Q FE R bR € LL I H
K Q HEFE AR E AR, AFALEAIRE Q MBI T & K0 TAE . 7E Q HFE
IEIE I, X350 F0010 Q MM S IEW LI H /KF Q MFHE IEMAE K, x5 402K
A Q FE M B IE 75 2 5T A R H AN 2800010 Q HERE, TRIIRH 7K (¥ Q FEFEI X 75 % 8 4
AT H BRI B TR JE 1, R AH AR S

TEXT Q HFERMEIE |, BN AME AR FE SR B F 2 Mok, Hd—3 0k REH T E
FHAFIZ IR (41 DINA AT DINO B8 , ey (R, %4, Bilgig, 2012) |
WEIBE RS I VR CERR, milss, SERES, WA, 2018) | ICC-IR v& GEKH, mfis,
A, IRADE, 2018) | 87k (delaTorre, 2008) . RSS % (Chiu, 2013) . FRiLZ4h, #f
FOHE LT — il H TAEAA R R 1) Q A FEZ 17745, 4 GDI #%(de la Torre & Chiu,
2016). FEFURIK 7 (Xu & Shang, 2018) FIFEFHEZ 1K) 77 (Chen, 2017). A ELE T
T AR E VS E R, BEE A T AR ES W A 3E T R AR DA 2 AR

2



R, T =R AT DO B TR b, GDI 7R AR A, B R — ST
(PVAF=0.95) . Jf Hild Wit si KB, SINEZFEAR B MER, £/MEARE (N=500)
HZ T IR R UL AR o T R Tk 22 1 7 v BLAR T DATE 56 2 TH1 =5 5 0 56 1 15 2 AR sl
ey ARZTT T JZTH & 1 2 R A EUK (Chen, 2017). T Xu 1 Shang (2018) f77iE
K TLP (truncated L1 penalty function) ] IE WA 5503%, R IR 35T H 2 H0R it A B i A B
HE g 8, IFaaE 840 (BIC) RitT Q MR THEUEIE, MATRIBT AT 72
WIEH], Monte Carlo S50t B H 7k R A BEF IR . 64k, Chen, de la Torre #l1 Zhang
(2013) #4-2LL. AIC F BIC s H T XS AR Q EREHI 45 W0 K BLAE DINA A8,
2LL PR RN MAEMI AR b, 2LL {8 [m) Tk £ 7E IR A Q S PR LAl B3 e 1t i) Q
FERE, T BIC $EAR RIS B (. BLEJT I RAE 0-1 BERY Yy Q JEFEAEIE VL, T
SofF 22 ity i AL R ) Q HE RS IE AUAE 9T, Ma Al de 1a Torre (2019)42 H1 T GDI 1 wald #6556
HHZE 4 ) stepwise 7775 HEAT seq-GDINA AL Q FEFFIEIE . H TG E PR B M ¢ 1) e
BA &K GDUEN g MR, FH wald £ 502 75 2 2 K YUE /2 15 5 I0 Sl B s 14,
Jriid TH5E wald £558 BLJS g A1 5K GDIME R E /& 280k . VAR E RN R ¢
B, TEHATZ RN wald K58, HotERAER, TR ER. A, s N e
FIAA R SR O R EUUAR, TR T Q FEFEAZ IE Ja 8 i B AU &5 IR 5 1&

DRI G AR AP 70 25 A PR AR (R M 40 & G T X 22 i h o A S Wi Y Q i R A T8 I,
IR AT HAS W E 156 100 H 280K (1 Q AERRBIE 5. BARSKRYE, AT SRR B4
A giit & -2LL . AIC( Akaike's Information Criterion) 1 BIC(Bayesian Information Criteria)
b T 2 2t 7N R B Q FEFFZIE . ASCR A5 5 Xu M Shang (2018)77 %
AR AL, #2 T B A S HOIEAT Al i, RS SR bR R 3T Q 2EFEZIE. I HAE
EIE Q FEFF I #S R E AR H Q AEFERFFAZR MBI T, B (B X g [m &= BT
SE o PRI X B AE T, Xu A1 Shang (2018) [¥) 75953k ] TLP (truncated L1 penalty
function) Y IEWALEE S, H AL TH IR0 H 22800 B MR RSN H 1 ¢ )&, JES5 515 B 4815
(BIC) KRBT Q FEFFIBIE, PHUILIEATE X FTA FIREN g I @b TG T A SCUTE BT A
AIRER g [a) B ras i 15 GE it Pkt R ALY ¢ )&, 4k Xu AT Shang  (2018) HIT77% /2
T 22t 01 Q FEFEAS THEMB IE, A ST X 2 it 4 Q B IE AT R 7T il
Monte Carlo BFNH 7T F S UEERE 73 A R BIE A L 7775 9F 5 Ma Hil de la Torre (2019)42 1)
stepwise J7VEREAT HLAEE, AT SR TAE#AE 2 Zeit sl iz Wirh Q HERFIIAZ IE S5 hr 2 42 i
TIESCHE



2 seq-GDINA FE#Y A2

AR K, fEMZ L%t CDMs H1, seq-GDINA A W1F43 2K 00458 E Q AEFE, M
T E RN BRI 2 o A, AR ) G-DINA BEAUE RN 00 F 1)
ks, EARMMRE %M T, seq-GDINA 5B 0] LA A A A 11 2 g it r i 80 (n
seq-DINA 1 seq-RRUM) , R iZ A N R % . KA} 58K H Ma #1 de la Torre (2016)

TR 1] seq-GDINA AT AT 7 o STIZAE Y IR U T

X IR BN @, (08R, SAETUH j F b 2S00 EREEAEEN S, (a,) .
4,
S (h Lo =0 (1
iM0I=V0, it n=m 41

b H i@ | j RIS, Wz et E 4G b o BN

p(Xj:kac):[l—Sj(h+l occ) (2)

ac)]QSj(x

s g — P AR, HAETUH j BRSO BIBER Z A 1.

iP(Xj = ha,)=1 Ve (3

h=0
P EEH j LA MR Z R E j AN EEEN . IE—ANE

PO K seeh, BE K ONEE j IR RS K, AT 25 A TR R

PEAMK L=2"" HETE TR MR, o), FoRE TR RER . 3T R RN o),
HAETUH j F b BB B SR

K K K1 K
.
S; (h‘aljh ): ¢jh0 + z¢jhkalk + Z z ¢jhkk'alkalk' teeet ¢jh12~-~K’;h Halk 4
P K=kt k=1 k=1

Hoer @, REIESH, @y RIBYE oy MERL, Py BB oy B e (28 AR,

P iis..i SEFTERIEIISE LA . 5 GDINA BURARL (de la Torre, 2011) , {EAR[RI 25 %

J
T seq-GDINA FERIA] DL#L 34 seq-DINA. seq-RRUM Z5 157,
3 ZRatoriNFiZ K Q FEFEE IE
TEINEZ W e SGBLH I g mER, EHASH Q HEEARRIEN T, fEFTA nRER
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g A5 P e AR AU AR G B A 1 g I SO RE H j 1 g TR T A S T AR R
FEXT LG 4R PR AL FE-2LL . AIC Al BIC. fEZISRAEA (1 DINA) W, #lH g M EREH RS
FEGE H AN SHA KRS HIE, N AR AUAME, R fE L R B 2L L 4R b5
AT DAHIE G 241 g & . TMAERRGEAY, I (Chenetal, 2013; Chen, 2017)
R, FAEJEA Q MEFEILAE IR YE (overspecified) 23 77/EH K MBI (i THEA
SHABMZ) o FIUEE AR, 2LL fba@ % Sk &N 1 10 g mE(q =[1111])
TERNRBEH j ¥ g a5, HULTE R B o B H 1 g 1A S HEAT A3 52 I 75 BB [ 2 4
B ATAETT, M0 AIC A1 BIC FaAR & 7E-2LL fSERH_EXHSERY (2 504 $odk 47 74651

3.1 -2LL 753k

FE 0-1 T Q FERFABIE S, in R — MR A& T J N8 H, K AN, O, (reduced

Q-matrix) KX A GeH B RIS, YR MEAERRAN O BEE 728 — 1M
JEVERL . A -2LL 5 ikIEEAT Q FEFERR E R, K/ N-2LL Frxd B & P A E i B
J B, Bk Q. B g E N H j iR (R J-1 ANEH 1 Q HkE
KA, 53LA 1 AV R, LI, 2L BRI R
AAENEE j B, AXEKRN:

g, =arg min —2n(Z(X] 5,01 (s)

A

Ho L(X ac,ﬂ,,q,»jﬁ(ac), L(X,-,-

lg’Q.fTI) - HHZa[erL(Xy

t J

ac,ﬂj,q,-]%i—wﬁz
W REA S . W, B IOBAR, m(e,) RAEMAN o, MEREE, O, RFH

e S, Q) &1 H j HJE PRI 5 AR MR, BB Q 4E .
5 0-1 i B0 TAE, E2Hit g, & EARUOS RS H BRS¢ 17 Rt

IR SAEIE . [RIRE AT BORE e /N-2LL Fioiet B A Ja PEAR UAE MR 56 b SR R AR 2

70 O, BB YRR AR N j 58 h F R IERE GELH A H AR A A -1 >

HIAT A I Q AR IRFFAZD) , HH A H 3T 281t JFit5H-2LL. f/h-2LL
FITnt R R PERE AR H j 28 h S & PR K, Ko

AN

g, =arg min —2In(L(X|}.0],)) (6)

Jorp Ol R MR H j 45 b KRR RN S LR R R ) B, BEANIIBRY Q HERE.
5



flF-2LL 7RI IE Q SERERS, 7520 A &8 H 1 T A R AR AR IRAIE, B AT #E1T Q
HEPEAE IE .
32AIC 5%

AIC (Akaike's Information Criterion) 52 i1 Akaike (1974) JFRHIME B fats, £
T B AU F R B AR S AR AR, AT T B A AR AR . 5201 J7 AR,
TEAFF AIC $RbrXHE H j 58 h 500 g (BT R, ¥ O, B ETE JB MR R R
BH ;& h BB, SRR E — RIS, FR RSN AIC fRbr,
AIC fabrf /N B MR AE R B j 55 h KRI B M. AIC #8FRATHE A X T

AIC=-2LL+2d D

Hor L ONERLRA AR, TS 7vE S 2LL BEMAE, d AT EMS TS AN
FXST-2LL J7i%, AIC #8h3 5B T ZHA BN W, SHABE MR ER U 2 2 211 .
3.3 BIC 753%

BIC (Bayesian Information Criteria) #8#5/&HH Schwarz (1978) JF KIS Bi8ts, &
5 AIC $8hr— il TR LLE . 5 AIC 4BF3HHLL, BIC $EARIEH M T FEAS B0 BRIl &
TN . BIC 4RARITHR AR

5

L
&
BIC =-2 LL+ dxIn(N) (8)
Hrh N RBOREAE, LA d 50 a8 B bRk A2 40 4. 8 A BIC 4845 K45
EMH b FEME R TES AIC FBAsMHF], & ek BA &/ BIC fabr it & 1t
BB HE j 25 h FnE R,
3.4 35RE % (exhaustive search algorithm) FJFHE % (sequential search algorithm)
1 g™ Dot n A g s, KO g IR ¢ < g g it T )

(de la Torre, 2011 « H S, % q MIERGES .

93RS A O o R BRI AR/ 30 KBRS AR
%ﬁﬁ%ﬁﬁ%mmﬁﬁﬁﬁ,W%ag:@W@Wegj¢ﬁé%ﬁmqm§¢%@aj
5 h I g B, BORER T TR EURORERT B K=5 I, XTI ¢ R E,

5 REVEFREM 2 -1=311K.

v

P EEASE: (1) MhnjEMEEYE (forward search algorithm) &5 B &M ¢ [ &

6



ok oM oA BT Mog OB, iEoA¢Y, WoH R %S
S, =10"lg" €0,.q" < g KW = KUV s 1}ty g s g e . s A
AP g MRS IR T g, WH% g mEsEg e . BEbmEs s, hikt g
AT ¢V st gV w7 Fia RN (10 gY) = 1) . (2) IR 1 535 (backward search
algorithm ) & M 4 A 1 [ ¢ 1 B M Kk, B ¢Y=1. R EF KB E L
@=bwwmeggws¢%KW=Kﬂtﬂ¢%qﬁ%%qw%Méam%%@¢Mé%
BF0 g FIRE B RIRET ¢V, WA g EEH Y . BEISBERS, HEH ¢ 1
EWART ¢ kg R T B BKY =1) o (3) SetinE e e
1% (forward-then-backward search algorithm) &4 45 Q FEFEH & KRG E N q MEIEN q(y ),
TE LT ST B B, SRR AT B R . (4) eI R S 18 e
% (backward-then-forward search algorithm) 144 J54f Q HiffF L KL E K g MEAEN q(y ),
TE SR E SR AT IR SR S, SRS AT S8 0 R e

T > B9 R 386 i Jg PR 9% (forward search algorithm) FIER J& P4 57% (backward search
algorithm) FFHCA R B4 54 2 10 Q IS ., 115 MR SLE IR A5 K4 5% ¢ MR
SERE TR R IR, I, S5 PRI S R AR AN R BB T I O SRR K
g R fOARTRRE AL, MR 95 R0, U B3 T A R b T B K
3.5 Q JEFEIEIE TR

BB IEI R Q FEkEE Sy OO, A Q MEMFIBH L F e, BE—A %

BEJANMEE, BANEEGS H ARG CBAREE B EATREA D e 3t

J
H =Y H, %5, ¥FraFmmsEsE s ={l,...H} . BAL®nT.
Jj=1
BB MK (SO TGRS —AEE j, KL 1 ARG ¢ R TRIE.
Softh T — 1AM BB 36 2 Q SR AR AN,
B 2. AT EERE-2LL F645 (A8 IE 47 AIC 5K BIC ik, WIS HIiH 5

AIC F1 BIC fa¥5) #hikth@ H j 5 1 N M-2LL f8br (8 AIC. BIC 845 XM ¢

7



JEly
Gl

BB 3 EELR 1P 2, B AR EL ¢ &, FIESEEE 1A
R TTIEAE I o

BB 4. WGP 10T 3, WSRO EH j A R q mEmifE. EEPHR1-
HIR 3, WFREH A AR g M EFATHE . BE00E S IA R R g .

SB|S: ERFTEAT, HORESURHX AR (2LL. AIC. BIC) KEIRRN ¢

FRATIEE, IEZEAM SO PR, MRIEMENESEFA ST, BEURN Q4
sz QU
$B6: 1ir 0V 500 2EHE. wE 0 =00, MoV EHK 0, O Bk

NSY, EEEEIBES. H5O =g 0P =0V, MEEEL.

N TR AFIHEAE Z Zt N FIZ lrh Q JERFE IEMRCR . BT EH & 1T RS
EEARFEREA R . Q M AR DL R FI 2 G0t /- W RS W R R I RCR, RS
Ma #ll de la Torre (2019) [] stepwise J7 VA AT LU . HARNy: BHFE—: AFIJTEERZ
it RS WY (seq-DINA 1 seq-RRUM) FIRCHE K HLECHT 58 BT —: ARk
TEMANZ ot NS Wi AL (seq-GDINA)D [P RUR K L ELEATF 72
4 WFF—: AEJTIEA seq-DINA I seq-RRUM #5551 LB 9T
4.1 AR —LHRIT
4.1.1 Q%Bp%

AR Q filE (Ma & de la Torre, 2016) 40N, A& T 21 MEH, 5 MEH,

Q MEFERE 1.
# 1 Q fEkF

BH Bl Al A2 A3 A4 A5 H 25 Al A2 A3 A4 A5
1 1 1 0 0 0 0 11 1 1 1 0 0 0
1 2 0 1 0 0 0 11 2 0 0 0 0 1
2 1 0 0 1 0 0 12 1 1 1 1 0 0
2 2 0 0 0 1 0 12 2 0 0 0 1 1
3 1 0 0 0 0 1 13 1 1 1 0 0 0
3 2 1 0 0 0 0 13 2 0 0 1 1 1
4 1 0 0 0 0 1 14 1 1 0 1 0 0
4 2 0 0 0 1 0 14 2 0 0 0 1 0
5 1 0 0 1 0 0 14 3 0 0 0 0 1



6 1 1 0 0 0 0 15 2 0 0 1 1 0
6 2 0 1 1 0 0 15 3 0 1 0 0 0
7 1 0 0 1 0 0 16 1 1 0 0 0 0
7 2 0 0 0 1 1 16 2 0 1 0 0 0
8 1 0 0 0 0 1 16 3 0 0 1 1 0
8 2 1 1 0 0 0 17 1 1 0 0 0 0
9 1 0 0 0 1 1 18 1 0 1 0 0 0
9 2 0 0 1 0 0 19 1 0 0 1 0 0
10 1 0 1 0 1 0 20 1 0 0 0 1 0
10 2 1 0 0 0 0 21 1 0 0 0 0 1

4.1.2 INEISHTRRY, HOXSHAR B SRR

WF 58— 8 1 4 B 0y seq-DINA Al seq-RRUM #7183 48 455 2 22 o0 1IE & 20 A
(multidimensional normal distribution) 7/, 3 7%k, 2% AT T (chen, 2017; Liu, Xin,
Andersson, & Tian, 2019) J&PEAIAH I E N 0.5. FEASR 237509 500, 1000 1 2000 A, 1%
RANFEAR . EEREARRREAR . B H ZHUU I A EAR TUH j 5 h 20 iR P BA
A AL 75~ 1ok BBLP= A 0 S, (Rlacs, = 1)= UL0.75,1], ASRITH 55 b A4 b1

PEROBERA b 4RO M [0-25] T BB, 1 S (Rlat;, = 0)= UT0,0.25] . % F seq-RRUM

BB, S SR 0 4R[S (e, =0), 8, (flar, =1)]maaie s FLmn

FRRVE LR, B R JE A B e H j A5 oy AR KT 4R B A BUb 1k,
e, >a), S, (Ha,)>S,(Ha)).
4.1.3 Q FEPEEEIRIRHL

Z# B H W (Chen etal., 2013; Liu, Tian, & Xin, 2016; Chen, 2017; Liu etal., 2019),
PSR Q AERER A B TLAR . B BIEBESR SUOUR SR, 2l E TUT 6
P Q FEPEAE IR Q1 NBENLBEIE 5 NI T —ANEPEMS, BENLR A I h— AN
“O”fJBPESCN 1. Q2 ANBENLBRIE 5 NIE T 2 ANEIHELL BRI, BENLAG A S —
AR B HEECN0”. Q3 NBENLBRIE 5 AN IS T 2 NMEMELL EISG, BENLISEEAS 25
H— A0 JE MO, B — A B SO0 Q4 WA E T R =4 Q &
T R . Q5 A1 Q6 M2 BB T 10%F1 20% I BEHLES R, (HARIERED K HIME T R %

3N E R 1A R,
®2 QIEMEIRAR

9



Q Q FE R H AL AU Lk iRES]] WA A PR B &UE

K, =1
Ql q;=0—>q, =1 I 5 JEpE T A
M5
K >2
Q2 q;=1-q; =0 Jh 5 Jab b G
25
K, >2 J P B T 4% Sk
Q3 qj'k:0_>ij:1:ij’:1_>ij’:0 s 10 ”
HIZE5
4 =0—q; =1
73 HA Q1.
=1 =0 " Ql. Q2 A1 Q3 1Y
Q4 qp=1—->q; = Q2 A1Q3 fiy% 20 e
Ell
q i :O_)qj'k :l’qj"k :1_>qj'k =0
WE G
Q5 10% BEHLIEHE B 20 .
1<K} <3
WE G
Q6 20% BEHLIAEE BEAL 40 .
1<K, <3

4.1. 4 HIRAEZHEN
AR A DL ik 2 MO H 2 80 A Sl A E BT 2 A5 o iR

= [P (X;=0 i ], LA Py J9MEZEAE 2 7)) 73 At ( Categorical distribution)

) P(X, =H,

e R R E R R R s, BX = Cat(F) .

4.1.5 VFi$ErR
TR RRREIE G 1 Q REFE 5 LSk Q FERE ARSI B M A XA — M A B s e
(pattern match ratio, PMR) o THEARIIEIEIR M Q KM 5 S Q FEFEJE LM —HEAE A
J&& P F#E % Cattribute match ratio, AMR) . EA % FPR (False Positive Rate) fil TPR (True Positive
Rate) 43 HIARFHE 157 5 1) J& M AW AS S50 LL R IE B b 1) S8 M R A s L ol o P i

Y EE 200 K, ARJEHEITE 200 RELH°F¥ PMR. AMR. FPR DL A TPR.

X

i .

PMR=21"2=

Jjh_correct

ﬁM

D
H;

1M

10



K
Z n Jhk _correct

AMR = 2= = (10)

KA 10, JNEEANE, H; ONE j BRI, nn comea NEIEJR RIS j &

55 h A g M EDR A SIS Q MERETREE j AR h KR8, EA—EN 1, B 0,
AR 0, K ABYENEL mink_correa RANBIEJG ISR j RREE h FAINEE k DMEYE CH O
B 1D BB S5HEE QMR j R h FHE k ANEME—F WR—BOU N 1, BN 0.

AT HWEABIERE Q BRI S, 435t Q M FHIE IEHT G 104t #1145 45 b5 RMSEA
(Liu etal,, 2016) , Ffit5 200 Yl i-F 218 .

TEE B (seq-RRUM Fl seq-GDINA) w1, =M RIARSNT LA GiiH &6 T A s2 50 2614
& BIC $8bRI Q MMERE i, H-2LL Al AIC 848 1E 5 Q MiF4% 1) RMSEA f& bz
BAI BIC A IEJG 4R . MAERIEIEAY (seq-DINA) H, AIC. BIC fii#5 5-2LL 4§
PRSI o RIS, ORI 7 e 1 o a8 2 5 A B J ek ¥ 590 (forward-then-backward
search algorithm) 55 5 MH B J& 1% J5 386 i J& 14 ¥ 5% (backward-then-forward search algorithm)
IRB L —8, Mg hnjE &% (forward search algorithm) 1 5 J8 PE 535 (backward
search algorithm) £ —S8SRLG S5 A N IR T RO PIAP SR . AR T 55 R, Jetfnjg it s
B J P P B i AN 2 BRI Q JEBEAS IE I IR, 55 RIS S J 1k J I e s ok 1) B
V5 )@ T AN 1% TR T 4R It v, AR SR SR S e 2
JEPEREN BIC J795 M1 stepwise 7772 Q FEFEAZ IE 5 1145 5 & RMSEA 547 .

4.2 R—FWER

3R 4 735 I T BIC J7 %M1 stepwise 1ETE seq-DINA 18 DL Jz seq-RRUM #4#!
v B SR 4 SR FRAE 2R 3 HOSE AT AN, 7F seq-DINA B R, ffi fl BIC 773 #ET Q 4EFE& 1E
HARIFIIBR . ERTE R KT, BIC Jrik& IE Q KoM P x5 2 vk 22 40 a8 vk i
YN 83.0%A1 96.9%; stepwise 17723 T 1o 2 v 2 0 g L R UE 2 )y 78.1%F1 95.7%.
SR E, BIC J5 i HsE e v 26 A0 g PR U ME 2R 0% 3 T stepwise 7%, KEZHRM T E &N
AR Z AR 1%.

AN Q AEFEAS R |, BIC 55 Q1-Q5 MIVKE A2, J&MEHIUERLE 95%-98%
Z 18] T T Q6 HIME IE 45 SmE 22 T-H1 5 /> Q #iFE, JBIEAIMEZRAE 93%-95% A, Stepwise
TEAEAN A Q HiFE FRINAARLT, JE& PR HEZRIYLE 92% L F . IILAE seq-DINA AT,
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AN Q HEFEIHT IR AN BIC J7iLHI stepwise 7715 [BEARAS IE RS2 A K .

XFF FPR Al TPR 4845, BIC J57% /) TPR RARAEFTA LI 6 FIREIA R 95% /4, &
B BIC 7S 5 B SUEfiAR 2 8 M. 10 BIC 77941 FPR fab5, 7E Q2 KM T HAth Q
HERE, IXBVEAE BT DINA BRI R, B F5 5 4R B &1 A 8 M Rt
IRl BIC J7 v [a) T4 R 2k i B PEAS 0 K. 1T stepwise 572 TPR Fa k55 BIC JrikAH %
AR, T FPR F8A57E Q2-Q4 T L HAMRAE IR Q 4EFFEE &, Ui W] stepwise J7 20 J& HEBR K AE
Uk .

FEREABEXT Q FEFFHEIERCR MM b, FEAR RO, MR 20 Q BRI R e .
2 N=500 i}, BIC J7i%M stepwise J7 %3 JBPEFIAERR 95.6%A1 94.6%; 4 N=2000 I,
BIC 7792 stepwise 7712 1)~ S J@PEFITER DY 97.9%M1 96.7%. PRI ke A & ] LLIR &
FhT R Q RERE A E IERCR .«

EAEIERT G Q HFEMIE FRE, WMINABIEER Q %M RMSEA EXK T2 1E
A Q MERE, VEWMEIES (M Q Rk 580 il . 1EFTAH LI AF T, BIERTIY Q HEFE
73 RMSEA {54 0.048, BIC J5 7% Hl stepwise 771245 1E LLJE Q 4B 45 ff1°T7- ¥ RMSEA {H 4 0.007
A10.017. BIC J7¥EBIE G 1 Q 4EFELL stepwise J7¥EBIE A (1 Q 4EFEIL A H 4T, THZE R A
0.01. B4, FEARBBOK, BIC JiAMEIEE R Q FEFEH) RMSEA H /N, WifE Q1-Q5 H H.
N=2000 i}, BIC J7i&21EJE ) RMSEA {E7E 0.003~0.004 /45 .

IR 4 L5, 1 seq-RRUM HAI R,  ffk b BIC J7ikRBULT stepwise J7ik. 1
FI A S8R 56 AR, stepwise J7 M BIC J7iA R HIAEZR 7 9 78.1%H01 87.5%, JE&VEFIHER
I35 96%F1 98%.

ST REARIOREM, PR XT Q i R A8 TE R ASE =H v 56 R 1 40 2 B o 4 i A K
(B I T 38 0 24 N=500 I, stepwise J7 81 BIC J7¥2: 10 °F- 2 J&@ 1 R N 94.8%F1 97.4%:;
4 N=2000 i}, stepwise Ji%F1 BIC J7 3% 135 J& 14 1 26 96.9% 1 98.6%

FEAF] Q JEFEA IR |, stepwise J7iA1 BIC J7idiht Q HHFE M B A 5 %% Q fiff
HEARER R K. WI7E Q1-Q5 1, stepwise J5 121 BIC J7 35 1) J& 1 Ik R I 7E 96% A1
98% /AT KB . TIAE Q6 HY, WA IV I JE MEFIE R A T REAIC,  H 2 FEE A K.

Xf T FPR FIl TPR #8b5, TEFTA Q FFFASUREALN, PMT7ILH) TPR $8brAHiL, $H7E
95%LA F, TP A T FPR F8FR7E Q2-Q6 W& & T Q1 Hr, T Wy A 75 i) J& M TU A 58
DU . X (R 0 WY Q B I v A, 25 Ja M 2 ) I A D7 vk R R i B K

STEIERTE Q MM XI A, 55 seq-DINA B g A A, HIFE Q1 &1FF, ™
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FhOTIEAE IE G 10 Q SRR S 15 IERTIY Q 4EFF M) RMSEA #Rb7)LT—3. XZ&H T Q1 AEMK
JUAR, TERRBA Y, BIHIIRIFAS SEMAEE. MrE Q2-Q6 1, ZIERMH Q ik
[)°F- 1 RMSEA 43 )24 0.037, stepwise J5 i1 BIC /7218 1E J5 1) Q %5 F4°F- 15 RMSEA 43
49°0.007 F1°0.005, Ui B AT IEMZIE G B Q FEFE S EE A& . 1 BIC JIiA MBI/ Q
FERET- I3 A AR T stepwise FTIEMBIEfG I Q 4EFF. [FIFE, BEEFEARIIGIN, stepwise
J7VEH BIC JTAE IEJE I Q SEFERAA H i LG8, 414 N=2000 I, stepwise 777241 BIC
THEMBIE G ) Q FEFE -T2 RMSEA 24 0.006 A1 0.003.

13



2 3 BIC /535H stepwise 7335 7E seq-DINA &8I e 200 X SLIERY LR
PMR AMR FPR TPR RMSEA
Q-matrix N

Stepwise BIC Stepwise BIC Stepwise BIC Stepwise BIC Qw Qstepwise Qsic

500 0.795 0.788 0.957 0.963 0.118 0.157 0.958 0.965 0.017 0.015 0.007

Ql 1000 0.879 0.863 0.975 0.977 0.065 0.074 0.975 0.978 0.018 0.009 0.005
2000 0918 0911 0.984 0.986 0.048 0.049 0.985 0.986 0.019 0.005 0.003

500 0.763 0.790 0.953 0.962 0.367 0.021 0.958 0.962 0.017 0.016 0.007

Q2 1000 0.826 0.856 0.967 0.975 0.257 0.004 0.971 0.975 0.016 0.011 0.005
2000 0.865 0.903 0.976 0.984 0.219 0.002 0.980 0.984 0.017 0.008 0.003

500 0.758 0.786 0.952 0.962 0.339 0.126 0.963 0.966 0.033 0.016 0.006

Q3 1000 0.815 0.861 0.964 0.976 0.251 0.089 0.972 0.979 0.034 0.010 0.005
2000 0.856 0.910 0.974 0.985 0.180 0.065 0.980 0.987 0.035 0.009 0.004

500 0.680 0.776 0.938 0.961 0.363 0.110 0.962 0.966 0.041 0.020 0.007

Q4 1000 0.721 0.853 0.950 0.975 0.288 0.064 0.968 0.978 0.041 0.015 0.005
2000 0.745 0.905 0.956 0.984 0.251 0.040 0.972 0.986 0.042 0.013 0.003

500 0.760 0.777 0.951 0.959 0.112 0.068 0.956 0.961 0.075 0.020 0.008

Q5 1000 0.835 0.851 0.968 0.975 0.082 0.041 0.972 0.976 0.073 0.011 0.004
2000 0.874 0.903 0.975 0.984 0.065 0.022 0.978 0.984 0.076 0.013 0.004

500 0.629 0.687 0.924 0.933 0.184 0.105 0.943 0.940 0.100 0.035 0.015

Q6 1000 0.656 0.744 0.931 0.942 0.173 0.097 0.949 0.949 0.102 0.038 0.017
2000 0.687 0.793 0.935 0.953 0.163 0.081 0.951 0.959 0.102 0.037 0.010

7E: Qw (Q wrong) NEIERIM Q %EFE, TFIH.
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4 BIC 35 stepwise J5357E seq-RRUM #&AUrh 200 R SRR F AR

PMR AMR FPR TPR RMSEA
Q-matrix N

Stepwise BIC Stepwise BIC Stepwise BIC Stepwise BIC Qw Qstepwise Qsic

500 0.750 0.841 0.952 0.975 0.083 0.022 0.952 0.975 0.006 0.007 0.006

Ql 1000 0.823 0.884 0.968 0.982 0.037 0.041 0.968 0.983 0.005 0.005 0.005
2000 0.864 0.915 0.976 0.987 0.029 0.020 0.977 0.987 0.004 0.005 0.004

500 0.746 0.839 0.953 0.975 0.332 0.199 0.958 0.978 0.027 0.008 0.007

Q2 1000 0.819 0.890 0.968 0.983 0.264 0.153 0.972 0.986 0.026 0.006 0.005
2000 0.843 0.919 0.974 0.988 0.252 0.117 0.978 0.990 0.026 0.005 0.003

500 0.734 0.847 0.949 0.976 0.300 0.121 0.959 0.980 0.022 0.008 0.006

Q3 1000 0.794 0.877 0.963 0.981 0.241 0.086 0.971 0.983 0.023 0.006 0.005
2000 0.843 0914 0.973 0.987 0.171 0.057 0.979 0.989 0.023 0.005 0.003

500 0.714 0.832 0.946 0.974 0.275 0.123 0.963 0.981 0.030 0.008 0.007

Q4 1000 0.770 0.881 0.959 0.982 0.215 0.085 0.973 0.987 0.031 0.006 0.005
2000 0.796 0.917 0.966 0.987 0.195 0.058 0.978 0.991 0.032 0.005 0.003

500 0.751 0.841 0.952 0.975 0.098 0.047 0.956 0.976 0.039 0.008 0.006

Q5 1000 0.807 0.880 0.965 0.982 0.073 0.038 0.968 0.983 0.035 0.005 0.005
2000 0.849 0914 0.974 0.987 0.053 0.021 0.976 0.987 0.039 0.005 0.004

500 0.686 0.817 0.941 0.968 0.134 0.063 0.953 0.973 0.063 0.014 0.008

Q6 1000 0.726 0.848 0.948 0.973 0.127 0.058 0.960 0.978 0.070 0.012 0.007
2000 0.748 0.896 0.953 0.982 0.120 0.032 0.966 0.984 0.063 0.009 0.004
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5 W5 —: ANFEIJTVELE seq-GDINA 52 A (1) LA 7T

BT — 2 Gt o A S WAL AE R AN S B BB I R — B AR, T LAl
seq-GDINA #E R AL 3>k . 1M seq-GDINA MRS, R EAE G, #FR—
Y 2 55 AN ) 5 ¥4 seq-GDINA AR A i B4R BEAT 36 11E S P
5.1 HERISWIRIT

B E R SEEG B vh SR T — I SR B B TR, ANTE) (R A 7L A IR 2 seq-GDINA #5
B HARSEI AT E W —
5.2 AR -SLWER

F 5 2P T BIC J7: A1 stepwise J714E seq-GDINA BEAIF [ sea6 45 . WE 5 iTLLE
H, SRFFE— 145 RARRL, Bk I BIC JVEIE AT stepwise J77%, BIC J7 iRl stepwise 512
FR-F BRI AE 2R 70500 08 90.5% 1 84.5%, & It HIHE R 7351l 98.6%MM 97.1%. PAFH 512 K]
Q FEPEIR T 2R I A6 1 R N B I T SRR I, 4024 N=500 B, BIC J7 i f) T st ) e
TN L@ HIAE TR 2 1N 86%A1 97.9%, stepwise 7125 I T 175 28 41 i 5 s 118 340 v 6 4
TN T8%AN 95.9%; 2 N=2000 I, BIC J5 % i~ A5 2 ) vhie 5 011 33 Jg 1 40 1 2 0 il O
94.8%7K1 99.3%, stepwise 7772 [~V 35152 2 v Z A0 8 14 HE 2 53 7 H 90.8% 11 98.5% 0 AN
Q FEFFHE R AL R AT 1% Q FEPE IR E 22 R A K FEMBIENT S Q R 2%t 1)
# b, 75 Q1SR WA TIAEIES Q EFER) RMSEA 815 JL-F 52 IERT Q FikE—2.
X5 seq-RRUM FERL P45 o —FF, X thF QI ARFEF @MU A S . 1MifE Q2-Q6 H,
& IE BT Q %5 5 i1-F 1 RMSEA A4 0.036, stepwise /7 1: M1 BIC 7 ¥:1& 1EJ5 Q 4B K5 H1-F 1
RMSEA 73574 0.007 A1 0.006, #iMIME1E)5 1 Q FEFE 5 EdE il & . BEE AR,
PIRHITVEIEIE JE I Q A FE A B AF I 5 1A

16



5 BIC F53EM stepwise J33E7E seq-GDINA # &I ch 200 X SLIN AN I9LER

PMR AMR FPR TPR RMSEA
Q-matrix N

Stepwise BIC Stepwise BIC Stepwise BIC Stepwise BIC Qw Qstepwise Qsic

500 0.795 0.861 0.961 0.979 0.075 0.006 0.962 0.979 0.007 0.007 0.007

Ql 1000 0.875 0.913 0.978 0.987 0.032 0.004 0.978 0.987 0.005 0.006 0.005
2000 0.919 0.950 0.986 0.993 0.020 0.001 0.986 0.993 0.004 0.005 0.004

500 0.799 0.864 0.964 0.980 0.209 0.211 0.967 0.983 0.029 0.008 0.009

Q2 1000 0.877 0.916 0.979 0.988 0.108 0.110 0.980 0.990 0.030 0.006 0.006
2000 0.915 0.948 0.986 0.993 0.093 0.067 0.987 0.994 0.030 0.004 0.004

500 0.794 0.867 0.961 0.980 0.236 0.125 0.969 0.984 0.022 0.007 0.008

Q3 1000 0.854 0.910 0.974 0.987 0.170 0.069 0.979 0.989 0.025 0.006 0.006
2000 0.904 0.949 0.984 0.993 0.106 0.038 0.988 0.994 0.025 0.005 0.003

500 0.775 0.863 0.958 0.979 0.193 0.106 0.970 0.985 0.033 0.009 0.008

Q4 1000 0.840 0.912 0.972 0.987 0.136 0.062 0.981 0.991 0.033 0.007 0.006
2000 0.884 0.945 0.981 0.992 0.112 0.040 0.989 0.994 0.034 0.005 0.004

500 0.786 0.866 0.959 0.980 0.086 0.040 0.962 0.981 0.034 0.009 0.009

Q5 1000 0.859 0911 0.975 0.987 0.053 0.023 0.977 0.988 0.036 0.006 0.006
2000 0.912 0.949 0.985 0.993 0.031 0.011 0.987 0.993 0.041 0.005 0.004

500 0.731 0.838 0.948 0.973 0.122 0.059 0.960 0.978 0.061 0.015 0.009

Q6 1000 0.784 0.885 0.959 0.980 0.104 0.039 0.970 0.983 0.066 0.010 0.007
2000 0.913 0.948 0.985 0.992 0.037 0.015 0.987 0.993 0.041 0.004 0.004
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6 W =: SOEHHEI T

AR AP TIMSS (Trends in International Mathematics and Science Study) ##s,
73529 2011 4F 8 4E A 2007 4F 4 4 B0 MK B B4 - TIMSS 2011 4 A H Park, Lee
Johnson (2017) FrE T Q 4E[E, Ma Al de la Torre(2019)KF iZ s H T 2 2 it 4> Q 4B & IE
(K534 o AZBARILAHE 23 M H . 7 AN EME, St 748 LA IES . AP 11 BAZ R

SHEH, HABHANO-1 B H, QMM ILE 6.
3= 6 TIMSS 2011 (8 £FE4R) #i¥E Q sEFERIBIEHAR

Item Code 25 Al A2 A3 A4 A5 A6 A7
1 M042041 1 0 1 0 0 0 0 0
2 M042024 1 0 1 0 0 0 0 0
3 M042016 1 1 0 0 0 0 0 ¥
4 M042002 1 1 0 0 0 0 0 0

5 MO042198A 1 0 0 1 0 0 0 0*#
6 M042198B 1 0 0 1 0 0 0 0
7 M042198C 1 0 0 1 0 0* 0 0
8 M042077 1 1 0 0 1 0 0 0
9 M042235 1 0 0 0 1 0% 0 0
10 M042150 1 0 0 0 0 1 0 0
11 M042300Z 1 0 0 0 0 0 1 1
11 M042300Z 2 0 0 0 0 1 0 0
12 MO042169A 1 0* 0 0 0 0 0 1
13 M042169B 1 0 0 0 0 0 0 1
14 M042169C 1 0* 0 0 0 0 0 1
15 M032352 1 1 0 1## 0 0 0 1*
16 M032725 1 0 1* 0 0 0 0** 0
17 MO032738 1 0 0 0 1 0 0 0
18 M032295 1 0 0 0 1 0 0 0
19 M032331 1 0 0 0 0 1 1 0
20 M032679 1 0 0 0 0 1 1* 0
21 M032047 1 1 0 0 1## 0 0 0
22 M032398 1 0* 0 0 0 1 0 0
23 M032424 1 0 0% 0 1 0 0 0

T ALBERIE RS A2, 086 MO A3, #E; A4, Rk, TRERREG A5, k2% MIEERURR; A6, fE
Mg A7, BARMALR . RIEMMPEEL. N BIC L RBEIENE: “#°A stepwise T LA M &

MR SE RG2S 5 AR 2 KA fEbR (2. AIC. BIC) , &iRERFAD
TR DL R LA AN ], DRI 7 3 e B A PR A IR, X LA ] seq-GDINA AR AR AL 5
Kol TREF 0-1 72 08 H WS T H GDINA B AR AHdE . WRh 7726t it Q 4 RF

MRS R LR 6, iy [ J& 8 BIC Jrikd BOR B R JE Ik, i <#” 18Iy stepwise
18



JEEVCAE R EYE . BIC 3L A% T 12 NEH 14 NEE, stepwise A% T 6 4
BH 6 M@, I H stepwise J7 iR B 6 ANEMEA A S T BIC Jrikm B @ik, m
StFE8 11, PR3 AR B B A2 g AT R
®7TEIT AR QMM MM —5K, BIC LA stepwise J7 %45 1FJ5 i) Q Kk 5 Ji
B Q FFEZ 8] i) —F% 537109 0.92 H10.96, 1 BIC J7V A stepwise J7VAME IEJE ) Q FlEZ
A1) — 80209 0.95, Q Filf A A A Hm i) — B

< 7 TIMSS 2011 (8 F4k) HIBEAR 5% Q FBIEIEE—H X

Qoriginal Qsic Qstepwise
Qoriginal 1
Qsic 0.92 1
Qstepwise 0.96 0.95 1

AT R R E I I Q MRS A K Q 25K, 4 TH BB IERT IS Q FEFAE(KIAR RS
A TENS (2*LL. AIC. BIC) FIZEXH A 18P (M, 5% (Liu et al., 2016). RMSEA(Liu et al.,
2016)M1 SRMSR) , Z5R U5 8. MWK 8 W LLE H, PR TIREIEE 1) Q 5 FEAEAHX L& 44
b LB T EA Q Mk, fE4ex & b, BIERTH Q FEFE Mo K36y p<0.01, MEILE)EH) Q
FEFFRL I 45 R 00 p=0.2 A1 0.3, PULAZIEJA 1 Q FERE S ¥dl SNl & - /£ RMSEA Al SRMSR
fabr b, PIRMOREE IR Q FFEMAL TR Q REFE. MMAN A BIEE Q 2RI & 15
PRAHIE s Qutepwise (¥ M2 K38 RMSEA 1 T-5 Quic, 1M Quic FIAHK A4 4547 A1 SRMSR £ T

Qstepwise o
F 8 TIMSS 2011 (8 k) HIRIRHE Q (EEMAMITAIEIER Q EMEHIINEIE R
FXHL AR AR USRI R
Q M, K5
-2*LL AIC BIC RMSEA SRMSR
M, df P

Qoriginal 18888.23 19274.23 20165.39 123.51 83 0.003 0.026 0.059

Qsic 18624.73 19014.73 19915.13 89.02 81 0.254 0.012 0.044
Qstepwise 18757.88 19139.88 20021.88 89.90 85 0.337 0.009 0.050

AL, AT TIMSS 2007 4F FIE S8 #E4T 19047 - %% i Lee, Park 1 Taylan(2011)
PRE T QFEFE, Ma M de la Torre(2016)45 1% 84 H T 2 it /0 B I 40 #r o i 80l S0 48
1IANEHE. 8 M@, It 823 L5 AEMMES, HAE 3. 7. 9B AZ M H, HRM

HoN0-1th R H . 1280548 Q FEFF R 9 .
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3R 9 TIMSS 2007 (4 £F4£5%) #iE Q FEfERIEIELER

Item Code %5 Al A2 A3 A4 A5 A6 A7 A8
1 M041052 1 1 1 0 0 0 0 0 0
2 M041281 1 0 1 1* 0 1* 0 0 0
3 MO041275 1 1 0 0 0 0 1 0 1*
3 MO041275 2 1* 0 0 0 0 1 0 1*
4 MO031303 1 0 1 1 0 0 0 0 0
5 MO031309 1 0 1 1 0 0 0 0 0
6 M031245 1 0 1 0 1 0 0 0 0
7 MO031242A 1 0 1 1 0 1 0 0 0
7 M031242B 2 0 0 0 0 0 0 1 0
8 M031242C 1 0 1* 1* 0 1 0 1* 0
9 MO031247 1 0 1* 1 1 0 0 0 0
9 MO031247 2 0 1 1 1 0 0 0 0
10 MO031173 1 0* 1* 1 0 0 0 0 0
11 MO031172 1 1* 1* 0 0 0 1* 0 1

E: Al FoR. BB B LR R A BN A2, WA, SRS R BB, A3, RRAE, B
PSSR R Cn B R 5 A4, EHROREDE, SO EE RO TAREHATIRIEMEL, A5, s
PREK R, Iy A A ERT, JEOR% R SEEON IR R R A6, MFRME, SUEE, % BADEE b s
A7, RGBT AR P E R, A8, TRARMEIE, MR, SOERRGEERHASEIE. <8 BIC TIiLRENE
2

M4 RN stepwise J7 1A BIC J7vE 0 IREE T 17 ANEHER 14 AN @M, T stepwise
JNERBESGIRIE S (AS) WA BT B, Fx BTG R R &5V 0 B kg R
BIC /%5 1 Q #ERE ISR 9. FFETHE BIC 1B IR 1 Q JEFE 55 4A Q FEFE X4
FARKHOL A FbR, T i% Q AEFEIE IE AT Mo A5G 1K B oh B A, R o LA REIEAT Mo A6
. JRA Q FEFEAM BIC J7 & 1E 5 1 SRMER 484575 714 0.0312 H1 0.0246. ZEAHX L& 45
Fr b, BIC HEBIERER Q % (AIC=11222.25; BIC=12677.42) b5 A Q %%

(AIC=11513.79; BIC=13195.01) 40l-& 5 4F. PRIy SEE B 204 1 25 534 2R BIC J7 1%
EIEJA I Q HiFE 58RI & 4T
7 w5 ittie
7.1 &g

AW TR T He T FAKT 2 Gt NS Wiilee Q 4R IE, R Monte Carlo
AR ST R SR T B0 UE R L AL T stepwise J7 1A AL 48 b5 FI T Q JE FRAS IE HO ORI K
Fetk, ASEEh 290t NG Q FEFFS ISR T IUNESCRE . WHFCRI: (1) BIC Jriisd
Z Rt NS WA 1 Q KB M8 1E BAT B A s R A R e, X Q JERE IR
WE A T stepwise J7i%, BIC JFEMEIEJS I Q MR SEUEE Nl E.  (2) 7EE IR BAY
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Hr, A EfEER BIC t AIC M1-2LL RIUELF, fESLErh, (A1 7T LAk BIC V& HEAT I
B QFEFFBIE. (3) Q AEMHEIERZ 2IHAANBEE I, 3 bl A\ BT LAR & Q JEF%E
EIERIIE

7.2 g

(1) Z2ZtrNRZ I Q JEREZ 7%

Z YA I8 H R SE BRI b WAL, JF H 2 4 H EL 0-1 T 40 H et
2SR T2 Gt o3 A A2 WA R f) R 6 K2 T 1 R S B S AR i o ASHIE FeH A
MGG R T 2P0 NS Q FEFFBIE T, JFoiul Q FEFHMBIESRE, TR
WL BIC J7:1E 2 Gt 43 R v ) Q A RS IE A IREF I ROR . I HiZ5 i 2 B HR AN B
B, FEAR Q MM RRM N A BAF B IERCR . N T IREIEHEAE, K0l
FA T I S, RCADMIE 9 R AR S e A B S 5 95 R v 2 TR ) R e e 22 e AN
i 1%, AR SC P I S5 S I A 5 B SR P (R Sk, 3R S g a8 1 P 43 T
JERME A L — 3o 3 R A SRR N B SR P P SRV 22, X AT e T R A SR VA R
BB RAEEN q RS E . AMEBRIAHE BB, 7T LME AR (seq-GDINA)
KHEAT Q FERHZIE, MU FC R AT AT AL AT Q HEFRIB IE I AN PR AR Q FEFFZ IEN)
R
(2) 2t Rz T 285K 50T H K Q HFFZIE

KT Q FE M 7R EEAE RN B A HAR 8 Q FERE, [RIL AR SE HERA bR A 4
R i, Hor BEmvE R m . (BRI KR E Q MR HEE H 4 n Q AR
b B A B T KSF 1 Q AR R (KA 2 AR KT T B0, HL7= A 1 46 SR M T AN D BRI
SH, I 2r e A T %% (Ma & de la Torre, 2016). 7E Q FFFEZIE F, %2EHIKF Q
FERE M AE IE M A . AR FEAE 2 0T 0 R R X 2K 1 Q JEFEMS IEREATR7E, JF AR
I BIC JiVEBABIFIRCR, NEH 5 BT KT Q R Hbr & S IE4R AL T 7 ik
SR
(3) Q FHEFHBIEL RN 5L 5 2 WARL: &

MAEE B B Q RERFASIE 7 125 vl LBk 5 5 5ibn 8 Q AEFEM AN, v LLykd2
LR G ARFENTEbRE N Q HFEANRE HEAE AR Q Mk, M5 LRMENL
MGG MBI AT 1 Q FERRAR E 1 LME RS F bR € Q FEFEMIZH AR, (i
ANBE B FAE MG BT AT Q HEFEARE TH BB EAE M o A BIC J7iA 2 1E)E B Q k%
S8R A MO AREAE SRR Y, TR T KRS RE R A Q FEFEHEAT 2K
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MEWITER N Q M 5L KB WAFR, "TLAHZ AR ZIHERE, B KA S
7 H MR -
(4) RAHTTETT 17

AR AR 2 it R T 1 Q FEFF B IRk, IF KB BIC Jrik vl T2 4t
ISP WAL Q FEFFAZIE . (HR AW FUILAAAE — Lo/ Bk — PRI Ty, AN [A]
HZHs X Q JEFRZ LRI I H A Q JERE N AR LM R I Ul . J@ LR 4T /22
KA Q FEFFMMBIEMCRSE . BLAN T 2 it /AR Q FEFA A hn g I AT B 25 1 [l 7 22
BEATWETT, 0 Q FERE 78 AR AN TR APE S UE BT . 4 PR BRI an e 5 3R 5 L&
E2MHSHARI TS B2, MZH AT 1 Q B 1T IE /& Zilt — LI IL
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Abstract

Cognitive diagnostic assessments (CDAs) can provide fine-grained diagnostic information
about students' knowledge states, so as to help to teach in accordance with the students’ aptitude.
The development of cognitive diagnosis model for polytomous response data expands the
application scope of cognitive diagnostic assessment. As the basis of CDAs, Q-matrix has aroused
more and more attention for the subjective tendency in Q-matrix construction that is typically
performed by domain experts. Due to the subjective process of Q-matrix construction, there
inevitably have some misspecifications in the Q-matrix, if left unchecked, can result in a serious
negative impact on CDAs. To avoid the subjective tendency from experts and to improve the
correctness of the Q-matrix, several objective Q-matrix validation methods have been proposed.
Many Q-matrix validation methods have been proposed in dichotomous CDMs, however, the
research of the Q-matrix validation method under polytomous CDMs is stalling lacking. To
address this concern, several relative fit statistics (i.e., -2LL, AIC, BIC) were applied to the
Q-matrix validation for polytomous cognitive diagnosis model in this research. The process of

Q-matrix validation is as follows:
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First, the reduced Q-matrix is represented by () , which represents a set of potential

g-vectors and contains 25 1 possible q-vectors when attributes are independent. When

validating the g-vector of the first category of item j, all possible g-vectors in (), can be used as

the g-vector of the first category of item j, and the Q-matrix of remaining items remains intact.
From this, the item parameters and the attribute patterns of students can be estimated, and the
-2LL, AIC, and BIC can be calculated accordingly. The g-vector with the largest likelihood (or
smallest AIC/BIC) is regarded as the g-vector of the first category of item j. The g-vector of the
next category of the item j can also be obtained in the same way. The algorithm stops when the
validated Q-matrix is same as the previous Q-matrix, or every item has been reached. In order to
improve the efficiency of the method, a sequential search algorithm was proposed.

Several simulation studies were conducted to evaluate the effectiveness and practicality of
these methods, and the performance of the methods in this paper was compared with the stepwise
method (Ma & de la Torre, 2019). Three experimental factors were considered in simulation
studies, including sample size, Q-matrix error types and CDMs. The results show that (1) BIC
method can be used for Q-matrix validation under polytomous response CDMs, and the
performance of the BIC method is better than the stepwise method. (2) In general, the
performance of the three methods from good to bad is the BIC method, AIC method, and -2LL
method. (3) The performance of Q-matrix validation methods is affected by the sample size, and
increasing the number of sample size can improve the accuracy of the Q-matrix validation.

In this study, Q-matrix validation methods for polytomous response CDMs were studied. It
was found that the BIC method can be used for the Q-matrix validation under polytomous
response CDMs. The method proposed in this paper can not only improve the accuracy of
Q-matrix specification but also increase the model-data fit level. Besides, the data-based Q-matrix
validation method can also reduce the workload of experts in Q-matrix construction and improve

the classification accuracy of cognitive diagnosis.

Key words cognitive diagnostic assessment; Q-matrix; seq-GDINA; BIC
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