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— MR R A Q FEREEIEH %

= BE £%H% F %

(D)1 ISE R = BERF 5B, A 610066)

 E QIEMFMIEW MR H SEUSTH A 2 M EE R R . 40 Q MFHMEIEME, HoeiRh T
— PR AT S BT )72 (ORDP), SRJE, AU F8iE i R B LIRS (40 A . REARZS R (N) . G REE (L) . Q4
AR AR (M) 300 H R (1) FUR PR E 20454, Heie T ORDP 5 E A 77 (R .RMSEA HI HD) I F 3 BFFE 21 « (1) 24
HIPUIRAS MM 5) 53 A i, ORDP J5 i TE T J2 A5 T Il MANIUIRAS IR M Z T8 IEAS 43 Fii i), RMSEA il ORDP
FOBA 225, BRI Z5H95h, RMSEA kT ORDP Jiik; (2) & I ELICIES A N IBIERURA
KB A B IESS R (3) NLL. M Iq FE T2 as %t 407 ik (IR B W R0, (4) 3£ T Tatsuoka (1984)
BB EAR I IESE 2 W], K] ORDP J7 A& 1F 1 Q 4H M 5 B4 & el

KR N2, Q HiFFEEIE, ORDP Jrik, DINA 7
SHEE B84l
1 5%

2020 4F 6 H, Ao [ 55 B & A i SRR
B CEE AN o SR ik ) P BB B - i
AV, QU PR AR 3G 55 i RV PR R 1Y R
Hbro Al UL, ZE PR BRI B PR . A
12 Wr B8 (cognitive diagnostic theory, CDT)iz H
AL BN BT 2% AR W A L T 4e RE
ARG, 456 BRI 22 F IR T2 W o A,
Refg PR AL AR B | 2 YRR TR S5 IR, 18 kAR
PR 2R, B E ST 5 SR E

Q MEMFRAE T H SRR, & CDT 1y
Femt, AR T CDT 551 H & b #ie (item response
theory, |RT)FN4: 81 & 12 (classical test theory,
CTT)MIAIR . L b, Q HiFfFM i 9l & K br e
BOE A SEAG TS . BTE AU S 2 B U R
AISZIR, 3 I RIG N T 0 35 F & i A & 58 TAE
i Ja B AURIEEE B, SR/ & 6 I H
TER o34, AEAEARPTS bR TE . A UFsE R, R
i Q MFER TR A E R B S K SE AT

Wk B 4 2021-06-30
* HRTTHE Bl = 0 BRI RS 4 (2020-GX-401) Ay % Bl
WEVEE: BFAE, E-mail: maomao_wanli @163.com

996

R 22 I B2 W IE 4 % (Rupp & Templin, 2008;
delaTorre, 2009; 4<% 45, 2012), Q JE M4 FriE Y
T R A2 2% R i 3 DA TS T PR 7E SR P Y
;A % & (DeCarlo, 2011)., T2, K3 Q 4 FEM)
EHRPE, IR B E B R

BEXT QR FEAL T B I ), W5 & T TMAS ]
MASEH T 2O, B, EFRmE X5
WA T 5 (delaTorre, 2008) . y B:(i& 40k 45,
2012)F1 ¢ #:(de la Torre & Chiu, 2016)% . {11y
ot AR BE B HLA S Lt B X 43 B sk 1 X 4y
JER R PRI NI q )t 3% 205V A 5 1
AW R, Hop, 6 ik A% R TI H X 5
P g R AL e 1, ASRE R e R g 5 2
$207 ik U e A R AR I (5 B, (R A B B
SRESE (R R 45, 2019); y ikt T eI L
BIE S, 255 et S80A EA R E .
o, FF S BN AR T R AL AR A
(maximum likelihood estimation, MLE) . i1 Fr#lk KBl
SR Al 31 (marginal maximum likelihood estimation,
MMLE) (Wang, Song, et al., 2018)7#1 Il i fiti i1
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(Chung, 2019; Chen et al., 2018; DeCarlo, 2012)J7
Beo EATEGR T S8 rik . Hid, MLE F1
MMLE R EM Bkt QTR EZ B IE, BIE
RAG E A FLRRE R, T L T DU Y Oy vk AR A A
H 532 Je 80 A sg i . FEan,  MUBERY 55 550405 1) 44
SHUA AR T SEEitHE (Liv et al., 2012) 5k 2=
(Chen, 2017)% ZFh k. H, SGitEJrikRIk
TIERAEZ I H 5100 H X 5 HE R 5 A A
WES 0 A0 A RR CC R B, 17 8% 25 07 YR 55 300 X i L
B2 S IO T S g R T A B B b i k2, R
BT R E

Zib, FRTIREAMBE S AR, Rk, K
T A A AR DL G T T AR AL R S5 I (1 36 43 A Al
T B2 7 (k) 43 A R WS A0 ST Y 0 AT, 3E O A
J W 35— Bt s 2 SRR bR B IE Q R A
AIF 5% 5 1 XL E IS 07 RN S50 52 oy K AR 285 S 43R 44>
JE0, R T — P R BR R Ak LS R AR A N i
LRI Q HiFFIE IE 7% SR J5, JF)# Monte Carlo
BOUSCES, 78 2RS4 T HBsH ik SR
#3177 H3 (root mean square error of approximation,
RMSEA) (Kang et al., 2019). %% 223545 (residual-
based statistic, R) (Yu & Cheng, 2020)F17 B i 25
(hamming distance, HD) /7 : (7F Kith 4%, 2018)7E Q
MBI RI . 5, L Tatsuoka (1984)1 4>
BT ], 5 54 T L bR A8 1 Q A
R TE 155 10 RIS E S5 A5 BB ) 00 6 1 O o

RAFSCHAE, FICLLi L § Rz R
U H A H AT REAAS A, N KL Lo M A Ig 439l
FORBOIA B MBS H L0 JE R WK . Q
FE PR R H il (1 =2,2,-,2%) Fll g (c =
1,2,-+-,2% =1) 43 51 2 % AT B B 0 PR 45 (knowl edge
states, KS)HIBTEE LAy 5 my 200 R ik
i FEE RS S N R ER AR SN o 18 S R
IAE T HHE . R, RMSEA Fil HD 7%, 45 =
55 WO 4343 ) S A AL RS R S I AR i 0 B AR T
S8R0, R RS AHE

2 QIEFFEIETTIL

Q FEFE S BB IR A A H DI AR . B &,
TEH B9 q ) R R BRI LA e e o T 4 0
L 6 B EORH X EL5 8 s T L) DB A 2 55 04 1Y
WA, Hr, daX a8 i ImE oA T
ey 3 S R L5 5 R T 2V ) 22 S P — Bk
FEAR o AT FTAG 5 WL B AT S A A 25 S i

HMorh 425N, JFARAE 22 00 T A K L ) 4
AT HE ) — PP T RORVE R LS AR Q HFFEIE
Tk BN 4 A7 4l (optimization of response
distribution purity, ORDP) J7 1% .
2.1 ORDP #i%

2 ML R B T AR A DN, AN BB A i
& Sl 5 A L = N 1 (el e LA N e e S DK =R 7
M 35 JE 22 B0k 28 Mgk SRS b i DL RR IR 1Y e 45
b, 7 DN ESCHE S v Bt B LAt %) R S R AS i 21 1)
AN—FERER, Sl 73R A A B . JL(E B,
AR SR . flan, R B o BEALAS 5T
A Al BEMBUE N h(h=12,---,H), X HERIC N

H H
Ry, MIERRHCH: Gini=Y RA-R)=1-Y R,
h=1 h=1

Ry HAAETH | BB, T4 KS K g
(1=22,-,2%) B BB o THEN T H | IS
I3 Ny Al ng o AR 4 A 12 R L (cognitive
diagnosis model, CDM), T[54 KS A a; B8 i i0
IEFEETTE | BRI P(y; =1 ) « IRA, TET;
AN 1 WHAK T BINA r; - P(y; =1 ) %
B TE R VA - (- P(y; =1 @) 4 B4 1
2 BTN L] 4350 R f|j(1'1) =~ P(y]' =1]a)/
N, fag =hi-@A=P(y; =1la)) /N, o [a) B, 7E
Ny =1 #4 WG 0 B T B AT (N — ;) -
P(yj =1la) 2 BARIEHEZL AN (N, — 1) - (1= P(y; =
1la))) 2O RVER . AT AER L6 53 5
flj(O,l) =(N, _rlj)' P(Yj =1|e)/N, Al flj(0,0) =(N, —r|]-)~
A-P(y; =1la)) /N, o T2, &5 o EHPIXTEDH
jb U R L R IR R R, R LR RN 3 R
(OLE1) . (OLEQ) . (OO0,E1) Hi(00,EOQ) P45,
H BB 3 A n 3k 1 Feos . #l4n, (OL El) £R «
KWALAEH | SR SN AT 2 i 3 Sy 1Bk
IR o AEAF R AR, TR A [ 1 AR
SN o R TEACHE CDM 480 i 45 Y 4l 7T
JNER LT O BRI REME o S5 3 18 AE TC R R TS I Y
T, MpERE T IERES I BRI E T
BF, DUHCHRAR S R R 1, 7500k O, AR ILER SR Al
TR L, HF—2 KS B gl s #lank 1 R
() 4 Ffr 520 2 5]

F1 oEWRETRj L AFR LD ARG

S 25 (O1,E1) (O1,E0) (00,E1) (OO0, EO)
/ﬂ}qfﬁf\ﬁ[ﬁlﬁ@] fu(m) f|j(1,o) flj(D‘l) flj(0,0)

HRAEHE S R B0 E S, PRI LSS 5 0 S
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L

37 B89 N8 LU 1) 20 A1 B R JE ZR K, BRI Gy, = 44 (1
fiian) + fiwo) = fijwo) + fion @ Fin) + fi0 @ fioo) ©
Gini, fR% o B 4 TSN R SERE . LR
/N, FIHEEHLIHBU P KS 8 o B80T E AR TR
S RER S A A8 . FETE IR TERE I 1Y 254 T
YK o BYIAE SN Ry 18 0, 47 HI a Y BRAE ST
1 H qla st EaE, WSRO R 1 B i I
BRI 1 NK B ki, RO ), 0 80K,
fio) ~ fiony M fijo) BN, 4 b SR 28 J5 Fr) 2 2
PR o BBRALR N O H o [l & IER I, ]
WL K2R O BB v F S5 17 S O F N8 L 3] L
i, HIEL 00 BER fjay « fion M1 figo B
AN, AFR O S R SRR . BRI, TR g 1) i
XL A3 B R B I N  lER 1 B fjay
fiwo) ~ fion ™ fioo HWRTHET 0, HEDH—A
KT 0, BIGini, ffEIERT 0.

Fbr E, ﬁiﬁt‘f‘ﬁiﬂéﬁgﬁlﬂ KS, 154 —Fh
KS 1Y Gini,, i/, LA T 2ZORPrA KS Eﬁﬁfé%

BRI/ TR, ﬂiﬁﬁﬁﬁtﬂﬁhﬁzam

/N g EAE I E R E R IR, ROl
ORDP J5i%

WOTEE N T A CDM ., DLokesE e A L s
55 "]#5 54 (deterministic input, noisy and gate model,

2K
DINA) (de la Torre, 2009) %1, %} »_Gini, it5E
1=1

RS TIEANE

B, TELRRIRTEMEN T KS 45 AW
25 BN A 1) KSZK a,(uU=12--,U) FIELLE
SN 0/ KS K ay (v=12,-V) . s, Hg, X
FIH jBUES o Fp ol B8 SR A =X 1) 2SR A I 2

B W, XFHAERMN Y 1 ORE a, (1
K
[ el =1). # Py, =1l@,) =1-s, ; i F 8
k=1

JZREA O HIBEAK a (E'n]‘[az"ch 0), M P(y; =

1|alv) = gqv o

HWR, BBHPUIRES A o, M#RE N, 4, H
HOMLEE IR 1A O B9 AEC A nyy F1 N =1y o
TR, K 4 A SO 2 B B L5153 A dn gk
2 IR o

A2, AN R 1A BT B2 i B L A7)
G3AT A BB L A

U

> Gini, =

u=1

U1 14282 —2 12r””22r”“ 1
2,025, ~25,)|1+2 = | 20~ (D)

u=1 lu
[FAE, X T RRARE R a L, 774 N, F
Ny 2P AR BB XTI H | AR T, %
FWL 4 A B B9 NELLE ) 53 A a3 3 BT R
MR 2, BRARCI Ny O 4 i A3 WS A N B8 L 151
Ir A AL JE RECH
V
> Gini, =
v=1
V

2
> - (+292, -29, ){1+ 2(3-”) - ZR:—VJ )
Iv

v=1 Iv

HJ5, DINA ANl SATESH | FiY A
U \
LB 43 A 4y ORDP = " Gini,, + Y Gini,
u=1 v=1

FLLSEBRE A ) 156 W BT S . oy
A, Bk K = 2, Wy KS 7 4 F, 252
al =LY . a,=(10) . a3=(01) fla,=(0,0) . B

—7Fh KS 4 100 A, HAE s A 1 # %L
éj\%’ljﬁ n=80. r,=60. r;=40 i r,=20. fi%k q;. A 3
i, 23R g =LY . g,=L0) Fgz=(0D . ik
BT A qc B9 H 25048 s=0.1 F1 g =0.2,

F2 Wik a,E®WMEj L 4FRMEFH AL H

S 2 5] (01, E1) (01, E0) (00, E1) (00, EO0)
002K fiu 77 %) (;l_ %) % N =) 075,) r“',““)l -s,.) N =) 5, 7'\?:) S
x3 Wik o, BB j £ 4R EFEABLLGI5
S 25 (01, E1) (01, E0) (00, E1) (00, EO)
Ny % % W %I(l—g)
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Vo=@ fla, =10) K8 HH . XYq =
LY B, @ = @1 Fpil B N 1, ARG 2
A {4 (OLEL . (OLEQ) . (OO,EL) #il(00,EQ) % 4 2
SR N e A vkl 80%(1-0.1))/100=0.72, (80x
0.1)/100=0.08, ((100-80)x(1-0.1))/100=0.18 F/I((100—
80)x0.1)/100=0.02., F /& a; = (1L,1) K # LR JE R
Bk Gi ni,, =0.72%(1-0.72)+0.08x(1-0.08)+0.18x (1~
0.18)+0.02x(1-0.02)1=0.444 ., 4 ¢, = (L) if, a, =
(L0) KPR A HAE SN R 0, ARHEE 3 AT 4 2%
S B NBCEE 49143 5] R (60%0.2)/100=0.12, (60x(1—
0.2))/100=0.48, ((100-60)x0.2)/100=0.08 F/I((100-60)x
(1-0.2))/100=0.32, FJ& a, = (1,0) F Pl I e R
¥k Gini,, =0.12x(1-0.12)+0.48x(1-0.48)+0.08x (1~
0.08)+0.32x(1-0.32)=0.648.,

Db, nIiEa Gini, F1 Gini, BOE,
Gini,, 31| Gini,,, i) (EATERFEI S g, = (LD I, #i
PRI B JE R $0Ck ORDPR, =0.285. [Al LT 1 ¢, =
(LO) fil g3 =(0,1) B H ik MARZET H | b A FHil
N AT AT AR EE, BARINER 4 Fs .

M 4 7[%1, ORDP, fyfif/y, TRIIH j#
IEAf g s N (0,1) o & 5545 N (2020) % K e &
BOHFRH br CD-CAT #Bisems . HARmE, ]
FR A 24 A B AR 25 0930 B RN R il 0 — A3 B Y i
WSz W ARAF A KS Y S5 30 40 A, 8 T i) K S
Je 565 4 AT ) 0 v B2 43 AR 1) L JE R B0k /Ny
POk B T — P H . AR E R ETH j
() 4 A BN 2N ST T B 53 A 1) 56 e R B
T SR P A A B SRR HEAT g I B IE, 2 A
PR FIATATIY o

22 ETERBHIENENESR Q EEEIERZE

TSR R, Bk E ORDP 5
R. RMSEA il HD J7 ik 47T LLH . IR : 55—,
EATHERE TR 4 #5458 hR . H, ORDP. R,
RMSEA . S 4t i i Al ik 2= 75 2 3 AR Ei 0l &
AR B 4 XA 3565, HD 722 T4l 1
ES BRI FE S . FERlHL, R, RMSEA Fl HD
JrETH R LR B, 55, IR AN S
HTi, 12 Yu #l Cheng (2020)1t#: T R 1 S&iit
J5 o AT ZE R R J7iA7E DINA FERLIR ()&
IERCRIET SGitw ik, THX R, RMSEA Fl
HD J7 MR AT R B A 41

4%, Yu Fl Cheng (2020)4E T Wi 5% iz o7 5 FAE
SO BYER2E Yy —my B2 A R 22 e i 4 bR R,
3,

N 2
N Yij =
N _glog{P(Yij |“i):| ®)

Hordr, P(yy ) FmBik o FEIH | FAIEREZ
HE
HK, Kang %5 A (2019) % it Bl i 2% ¥ )7 AR
RMSEA 115 8 i B A 2 VR 22 2 0 A7 5 10
SR HER A 225, |
2
j (4)

1 2¢
RMSEA, =\/ZZW(a,)('P(yJ— =z|la)-
z=0 |=1
Hodr, ny, %8 N CRAETUE A 2 58 i AKG
W(ey ) Ros BT o BYE LS, R KS myses
I3 A0 F ey RSN B AR TH RN AS o AR SCIR
KS Ml N3 23 53

N,
N

®4 WKASEETR ) AREIE ¢ METHERRH

fEEBE q M KS (01, E1) (01, E0) (00, E1) (00, E0) Gini ORDP
a:=(1,1) 0.202 0.074 0.148 0.020 0.444
a,=(1,0) 0.106 0.250 0.074 0.218 0.648

¢:=(1,1) 2.285
a3=(0,1) 0.074 0.218 0.106 0.259 0.657
a4=(0,0) 0.038 0.134 0.134 0.230 0.536
a:=(1,1) 0.202 0.074 0.148 0.020 0.444
a,=(1,0) 0.248 0.056 0.230 0.038 0.572

42=(1,0) 2.209
a3=(0,1) 0.074 0.218 0.106 0.259 0.657
a4=(0,0) 0.038 0.134 0.134 0.230 0.536
a:=(1,1) 0.202 0.074 0.148 0.020 0.444
a,=(1,0) 0.106 0.250 0.074 0.218 0.648

4:=(0,1) 2.196
a3=(0,1) 0.230 0.038 0.248 0.056 0.572
a4=(0,0) 0.038 0.134 0.134 0.230 0.536
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L

954 %

e, WU E R —MAESEOT IR (R R 4%,
2018). ‘et i e/ ME A BALAE T H ] B S

N
i RERAE SV 1 BB B |y — e | RARHE Q
i=1

FEFE, AT TEIE Q HikE
23 QXEEBRENTR

SR Q MiFE Q%L Q MEIFEIE iy BAR S
mr:

H—, MTHEENSH |, (0% QHBiH |
R q 1) 0 8 46 JE R T R A JE MR g, 19
QY.

57, T QY AR, (] EM 5ik(de
laTorre, 2009)fii 11 g, T %I (19351 H 241 S~ 9
et KS;

=L WHRIH jfEfRiE g PR ORDP. R,
RMSEA &% HD H{H;

S, EESE—-FHE S HETH T
A ik q & R i) ORDP, R, RMSEA 1 HD f1{H;

S, MIH j Y C R AT RE M JE HeAE 2 b e 4
filil ORDP, R, RMSEA & HD /M) g EHTIH |
i) q [ i

SN, A LA, HEMBIEEIA L A
H, Bk,

3 BifWFsY . ORDP. R. RMSEA
FHD :7E Q JEFF B IE 1Y 3R

31 MERHE®
RAE S AN 5 A5 N RIE R # ORDP, R,

RMESA Fl HD J5 &7 Q HiFFE IE R RI, A5
FET 6N E, AR MR KS /(34
A1 A M ZICIER 0 AR) . PIF R A (N = 300,
1000) . WIFFINEG K (L = 20, 30). Pifh Q HHF44AE
BRE(M = 20%, 40%) . MR H B (s 1g S
BOHU(E 1 Bl 4351 24 [0.05, 0.25]41[0.05, 0.4])F1 4 Fh
JEYE 2 EE R (S R, LR, ISR RN 4y S
Ja& M E R LA 1,

9ic

® O Q@
©

& 9‘9 @ @

ONENO

® © 0 0O0OO®O

(@) HEE Ob) B () 43R (d) 237 %Y
K1 AR PER 4 FhZ a5 1K

3.2 HIEENFE
321 QM EMEMERK

SR R HA 55 N (2013) i 7 i AR LS Q A I,
RIZER M4 Q FikfF &= & —A 14~ RBF, T4
H 1 q 1) 7 BT A ] 68 1 IR M 5 48 B X (K g v 2
LA RE P AN ) A [ ) AL AR

TEES Q JHFERYFERE b 2300 H 4% R B LA
SEARR HLBI AT H o SRS, EFXHEEANIH T AT
AE Y Ja 125 S X (A B BR A1) Hh B AL e B — A
ZIH BEER g e, DA R AR AR R Q M. XA
J5 Ry A AR g ) A HE TR TTAY . BRSO
BHAHAWED, 256 LPrEN . Fo b, E QH
PEEE TR A E K 40%, — M BCE bR E Q FEFE 1M
TERLSERG o, R E A TR R QM RE L 25 )y
IR RRE
3.22 #ik KSFIMBE S ER

Tt KS RMIIE) o33 52 2 JCIE RS0 A, #
I M AT R KS 895040 BEDL™ 26 o AR B2,
A KSHY LA R 43 A B AN R AN [R) BRI &, Y
KS i M543 45 (uniform distribution)isf, #iat &
R AR HERY KS A9 EL )41 [R] (Wang, Song, et al.,
2018); 4 KS R M\ £ It IEZ437[ (multidimensional
normal distribution)i, B ESH O A MRS
P[] A5 A 0.5 (Chen, 2017; Kang et al., 2019;
Wang et al., 2020), #AJ5 M4 Liu %6 A (2021) W58,
I A AR AL AT R A AN [ )2 A A8 T Bl il B A a5 2
KS 1y L.

DINA AR R s RGN g S5 IR F45)
GyAi . Hodr, m I H A s Al g S EU X [A] (.05,
0.25) " BENL ™A=, IR H 1Y s Fl g SO M X
[](0.05, 0.4) 1 BEHL™ 4 .

323 EERMBIERM

FEFE QM. #ik KS A HS%, KH
DINA AR T IEREA T H § % R,
IS RENLEL S e, R B KT S, MR 7eui
Hj Lkl 1, #0450,

3.3 iFMiEtR

R AR TTEX Q S IER I H S H0R
FLARM KS A isgm, SRV 5 FiEmdats
(1) q [ 2Bk 58 4 0 HE 0 E ], T RS 2 o R
(pattern match ratio, PMR); (2) 1F )@ 5 84
k45 (true positive rate, TPR); (3) #ii% /& Mk &k
1Eff i) FL 3] (fal se positive rate, FPR); (4) & T&IE
Q MMM BUEHHE s g BT RIR 25405 HR 1 )



55 8 1 2 fE SRR AR Q B IE B T Tk 1001
{HGCHN MEg); (5) HEIE Q AEMFARIMBIL KS  HoREME, EBUN, SHAGTHEEF, IMP 2R3k

AR AE R (GE N IMP) PS5 RIBS 2, B
Gt EALCAS AT BRI 5, AL R ER
100 K, AR B BEVE N A48 . PMR
I MEg AT -
100 L
ZZI (q]t qtjiue
PMR =112 (5)
Lx100
hAEgg =
100 L L
Z Z(éjt _Sjt)Z/L + Z(gjt _gjt)zll—
t=1 j=1 (6)

j=1

B, MR REL (0 = o

100x 2
HEIEETH j Y q R85 HS qReEe—

)=1,

Ij”“(QJt_

qjt

true) _

0. PMR. TPR fl FPR MAS[A]J5 1l Sz Bt Q % 445
R, (HE, BIESCRELF, MEG/UERIHZ

KSR, B, Bolis W BEsifEm .

34 #HR

% 5~8 41| L B TN [R] KS 2 i FIASTR) Q A

FEURRIT 4 BT IR A A S 4
1 FPR {8, 2 0 A i8 B0 2 A [R] 52 56 4%

“EF B PMR. TPR
T B

EEF . HTHEINEB IR H SR KS 1)
BREARZERAK, HE PMR, TPR il FPR 1431
L5 —E, NATSCRETE, X R 2B MEG I IMP
MIEEH . A2, TRRIES .
341 KSERMHMEASHERMER

55—, 3 53 6 1%, ORDP ikfE4i k£
% PMR 1 TPR {H, 76 K#B
AN B i FPR (H, 4% FRIKIKCN HD.

Bgsm 2 P AR

RMSEA fll R Jrik. 4 Ry de prfg L 24 T 1Y

PMR. TPR #1 FPR ¥J{E M = MK IK N . ORDP
(0.916; 0.990; 0.949). HD (0.914; 0.988; 0.950).

x5 KSHRMNASDHE M=20%R&FEEARIZEEZETH PMR, TPR #1 FPR

P R

i N
fabr &

=n
=]

Iq

1% 1q

L=20

L=30

L=20

L=30

ORDP R RMSEA HD

ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD

300
1000

0.933
0.937

0.830
0.897

0.893
0.918

0.930
0.935

0.976
0.991

0.908
0.968

0.969
0.981

0.971 0.735 0.590
0.983 0.822 0.636

0.732
0.818

0.733 0.864
0.821 0.946

0.738
0.833

0.861
0.936

0.862
0.941

300
1000

0.980
0.988

0.859
0.877

0.970
0.986

0.974
0.988

0.996
0.999

0.886
0.900

0.994
0.998

0.994 0.949 0.805
0.999 0.967 0.817

0.944
0.967

0.946 0.972
0.966 0.994

0.821
0.849

0.971
0.993

0.972
0.994

PMR

300
sk
1000

0.982
0.990

0.876
0.894

0.975
0.983

0.977
0.990

0.996
0.998

0.897
0.920

0.995
0.996

0.995 0.938 0.769
0.997 0.961 0.813

0.936
0.963

0.937 0.975
0.961 0.985

0.813
0.840

0.980
0.987

0.973
0.984

300
533
1000

0.973
0.990

0.883
0.912

0.966
0.984

0.969
0.985

0.993
0.997

0.911
0.952

0.987
0.996

0.991 0.916 0.756
0.997 0.950 0.806

0.907
0.949

0.911 0.955
0.950 0.987

0.799
0.851

0.958
0.981

0.955
0.984

300
1000

0.991
0.994

0.964
0.979

0.986
0.992

0.988
0.992

0.997
0.999

0.981
0.993

0.998
0.999

0.994 0.943 0.905
0.999 0.968 0.918

0.933
0.961

0.940 0.972
0.961 0.993

0.940
0.966

0.970
0.992

0.971
0.991

300
HZk

1000

TPR

0.998
0.999

0.974
0.980

0.990
0.999

0.995
0.999

0.999
1

0.979
0.983

0.998
1

0.998 0.996 0.960
1 0.999 0.966

0.989
0.996

0.992 0.996
0.997 1

0.962
0.969

0.995
1

0.995
0.999

300
sk
1000

0.998
0.999

0.977
0.982

0.996
0.998

0.996
0.999

0.999
1

0.981
0.985

1
1

0.999 0.993 0.956
1 0.999 0.964

0.989
0.998

0.991 0.996
0.999 0.999

0.963
0.968

0.997
0.999

0.996
0.999

300
G
1000

0.996
0.998

0.978
0.981

0.996
0.999

0.996
0.998

0.999

0.981
0.991

0.998

0.997 0.988 0.948
1 0.996 0.963

0.984
0.995

0.985 0.992
0.996 0.999

0.960
0.970

0.994
0.998

0.991
0.999

300
1000

0.946
0.954

0.955
0.978

0.916
0.946

0.936
0.951

0.981
0.993

0.981
0.993

0.974
0.981

0.979 0.787 0.847
0.992 0.819 0.893

0.803
0.876

0.790 0.826
0.818 0.897

0.910
0.950

0.908
0.955

0.825
0.891

300
B2k

1000

FPR

0.989
0.995

0.956
0.959

0.974
0.988

0.979
0.993

0.997
0.999

0.966
0.970

0.994
0.999

0.996 0.955 0.932
0.998 0.964 0.937

0.952
0.964

0.950 0.976
0.962 0.994

0.948
0.957

0.978
0.995

0.976
0.993

300
ek
1000

0.988
0.994

0.966
0.968

0.984
0.987

0.983
0.990

0.997
0.999

0.972
0.981

0.996
0.996

0.995 0.946 0.930
0.996 0.958 0.948

0.946
0.960

0.946 0.983
0.958 0.988

0.945
0.959

0.986
0.988

0.979
0.988

300
1000

0.984
0.995

0.967
0.985

0.970
0.986

0.973
0.988

0.997
0.998

0.986
0.989

0.989
0.998

0.994 0.936 0.930
0.995 0.953 0.947

0.932
0.954

0.933 0.971
0.952 0.993

0.952
0.970

0.971
0.991

0.970
0.992
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X6 KSIRMANHMASHEE M=40%HEZEHFEEARZIZEEEFTH PMR, TPR #1 FPR

AT R
64 ik

=n
15

Iq

1% 1q

L=

20

L

30

L

20

L

30

ORDP R RMSEA HD

ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD

sz

300
1000

0.751
0.764

0.669
0.708

0.668
0.702

0.748
0.760

0.887
0.952

0.874
0.922

0.859
0.930

0.883
0.945

0.574
0.599

0.429
0.452

0.537
0.588

0.572 0.685
0.593 0.788

0.605
0.706

0.675
0.773

0.682
0.784

HE
PMR

300
1000

0.928
0.949

0.787
0.823

0.910
0.921

0.924
0.939

0.972
0.984

0.836
0.847

0.969
0.983

0.970
0.980

0.839
0.878

0.733
0.751

0.833
0.856

0.838 0.919
0.871 0.966

0.761
0.792

0.912
0.959

0.914
0.961

sk

300
1000

0.923
0.940

0.805
0.827

0.884
0.900

0.914
0.936

0.968
0.983

0.851
0.880

0.961
0.967

0.965
0.977

0.830
0.862

0.718
0.739

0.809
0.820

0.827 0.902
0.859 0.940

0.764
0.805

0.885
0.930

0.898
0.939

300
1000

0.897
0.927

0.806
0.844

0.874
0.887

0.892
0.925

0.968
0.986

0.885
0.924

0.968
0.972

0.964
0.986

0.799
0.826

0.673
0.718

0.781
0.818

0.794 0.895
0.826 0.945

0.765
0.809

0.893
0.944

0.895
0.944

300
1000

0.970
0.973

0.931
0.939

0.955
0.968

0.963
0.970

0.991
0.996

0.976
0.985

0.990
0.995

0.991
0.995

0.909
0.927

0.856
0.867

0.904
0.930

0.905 0.948
0.919 0.972

0.914
0.937

0.945
0.971

0.946
0.971

B
TPR

300
1000

0.995
0.997

0.967
0.973

0.984
0.990

0.994
0.995

0.998
0.999

0.973
0.976

0.993
0.999

0.996
0.999

0.990
0.993

0.956
0.958

0.979
0.985

0.985 0.993
0.991 0.998

0.954
0.962

0.990
0.998

0.991
0.998

sk

300
1000

0.993
0.994

0.969
0.974

0.982
0.991

0.984
0.992

0.997
0.999

0.976
0.982

0.995
0.999

0.994
0.999

0.985
0.991

0.952
0.957

0.969
0.980

0.980 0.991
0.988 0.998

0.958
0.968

0.985
0.995

0.990
0.995

a3

300
1000

0.993
0.994

0.967
0.972

0.987
0.992

0.993
0.993

0.997
0.999

0.979
0.987

0.999
0.999

0.993
0.995

0.980
0.989

0.936
0.948

0.977
0.983

0.980 0.991
0.985 0.997

0.956
0.966

0.991
0.996

0.990
0.996

300
1000

0.854
0.862

0.880
0.901

0.820
0.838

0.850
0.861

0.939
0.971

0.962
0.977

0.923
0.960

0.934
0.965

0.728
0.754

0.766
0.782

0.731
0.761

0.723 0.810
0.753 0.882

0.850
0.906

0.818
0.874

0.812
0.876

HZ%
FPR

300
1000

0.970
0.978

0.933
0.950

0.948
0.957

0.962
0.973

0.988
0.994

0.956
0.960

0.985
0.991

0.983
0.994

0.910
0.933

0.911
0.919

0.899
0.912

0.908 0.957
0.929 0.983

0.929
0.940

0.950
0.977

0.955
0.979

s

300
1000

0.960
0.973

0.942
0.947

0.946
0.948

0.952
0.971

0.987
0.993

0.961
0.965

0.982
0.983

0.982
0.990

0.905
0.931

0.904
0.922

0.895
0.906

0.896 0.949
0.922 0.966

0.930
0.943

0.942
0.962

0.949
0.965

o3

300
1000

0.947
0.964

0.940
0.956

0.932
0.938

0.940
0.960

0.987
0.993

0.971
0.987

0.982
0.985

0.982
0.989

0.885
0.903

0.898
0.917

0.875
0.892

0.885 0.944
0.896 0.969

0.935
0.950

0.943
0.969

0.942
0.968

R7 KSIRIANESTESHSHHEM=20%HEHFEEARLESZHETH PMR, TPR #1 FPR

AT R
i gH

=n
15

Iq

1% 1q

L

20

L

30

L

20

L

30

ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA

HD

sz

300
1000

0.909
0.951

0.643
0.763

0.874
0.910

0.894
0.948

0.961
0.987

0.703
0.815

0.941
0.966

0.956
0.980

0.724
0.819

0.491
0.552

0.713
0.811

0.716 0.843
0.814 0.937

0.615
0.737

0.795
0.930

0.836
0.931

HE
PMR

300
1000

0.918
0.973

0.613
0.643

0.923
0.978

0.913
0.965

0.978
0.983

0.635
0.649

0.985
0.991

0.974
0.980

0.860
0.902

0.570
0.644

0.869
0.908

0.858 0.917
0.901 0.959

0.616
0.636

0.925
0.968

0.915
0.956

sk

300
1000

0.918
0.926

0.608
0.638

0.927
0.931

0.919
0.924

0.955
0.973

0.639
0.681

0.965
0.982

0.953
0.974

0.863
0.885

0.590
0.633

0.870
0.891

0.860 0.898
0.882 0.948

0.626
0.665

0.905
0.953

0.896
0.942

300
1000

0.930
0.948

0.791
0.824

0.939
0.952

0.927
0.944

0.969
0.980

0.816
0.867

0.976
0.989

0.968
0.978

0.854
0.900

0.689
0.767

0.860
0.906

0.848 0.869
0.901 0.928

0.715
0.799

0.875
0.935

0.866
0.920

300
1000

0.992
0.996

0.928
0.954

0.985
0.995

0.984
0.995

0.998
1

0.941
0.965

0.994
0.999

0.994
0.997

0.952
0.983

0.872
0.900

0.940
0.971

0.948 0.965
0.979 0.992

0.915
0.943

0.955
0.984

0.960
0.988

TPR Fk

300
1000

0.990
0.998

0.898
0.922

0.980
0.999

0.984
0.995

0.996
0.998

0.904
0.916

0.999
1

0.996
0.998

0.977
0.992

0.862
0.888

0.980
0.996

0.973 0.984
0.990 0.991

0.875
0.896

0.990
0.998

0.982
0.993

sk

300
1000

0.986
0.991

0.904
0.927

0.987
0.988

0.985
0.988

0.991
0.997

0.912
0.928

0.995

0.990
0.998

0.975
0.984

0.890
0.910

0.982
0.991

0.974 0.979
0.982 0.989

0.902
0.917

0.988
0.997

0.976
0.985




%8 ZE R SR MR AN Q M B IE R T IA 1003
P R o f1g
e N L=20 L 20 30
ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD
300 0.990 0.960 0.994 0.990 0.965 0.991 0.977 0.959 0.976 0.980 0.968
= 1000 0.994 0.968 0.996 0.992 0.976 0.998 0.991 0.987 0.989 0.994 0.982
. 300 0.932 0.872 0.912 0.925 0.912 0.968 0.748 0.756 0.878 0.870 0.876
e 1000 0.954 0.925 0.922 0.946 0.948 0.988 0.818 0.833 0.965 0.946 0.960
% 300 0.945 0.855 0.950 0.942 0.874 0.986 0.888 0.871 0.935 0.941 0.932
1000 0.977 0.871 0.981 0.976 0.880 0.987 0.909 0.900 0.965 0.974 0.964
FPR s 300 0.951 0.878 0.955 0.947 0.897 0.967 0.883 0.874 0.930 0.936 0.925
1000 0.953 0.880 0.961 0.955 0.908 0.976 0.906 0.895 0.949 0.956 0.936
i 300 0.935 0.937 0.941 0.933 0.947 0.978 0.896 0.883 0.925 0.939 0.917
1000 0.966 0.950 0.972 0.958 0.961 0.980 0.927 0.915 0.947 0.953 0.937
®8 KSIRMAESLTESHHE M=40%REFEEARRRLEEETH PMR, TPR # FPR
W R4 fila I g
sk LM N L=20 L=30 L=20 L=30
ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD ORDP R RMSEA HD
. 300 0.718 0.527 0.670 0.713 0.641 0.870 0.525 0.556 0.691 0.501 0.668 0.689
e 1000 0.766 0.586 0.733 0.754 0.729 0.915 0.587 0.607 0.785 0.765 0.778
s 300 0.829 0.568 0.834 0.828 0.603 0.931 0.718 0.700 0.848 0.853 0.840
1000 0.864 0.587 0.873 0.860 0.625 0.954 0.783 0.774 0.866 0.873 0.859
FMR s 300 0.844 0.543 0.853 0.839 0.583 0.911 0.717 0.709 0.840 0.845 0.837
1000 0.859 0.586 0.863 0.859 0.613 0.950 0.772 0.755 0.855 0.860 0.851
e 300 0.811 0.706 0.816 0.807 0.809 0.930 0.709 0.693 0.776 0.783 0.775
1000 0.840 0.754 0.848 0.839 0.825 0.948 0.746 0.735 0.840 0.848 0.838
L 300 0.974 0.898 0.960 0.970 0.929 0.981 0.927 0.930 0.971 0.958 0.966
oo 1000 0.981 0.917 0.978 0.981 0.946 0.994 0.932 0.937 0.989 0.980 0.983
) 300 0.984 0.892 0.974 0.980 0.898 0.985 0.975 0.962 0.979 0.988 0.973
A 1000 0.987 0.911 0.989 0.985 0.917 0.995 0.983 0.980 0.989 0.994 0.984
TPR Wit 300 0.984 0.904 0.989 0.984 0.989 0.905 0.986 0.967 0.954 0.980 0.985 0.974
1000 0.991 0.917 0.990 0.986 0.920 0.990 0.989 0.979 0.985 0.991 0.985
e 300 0.983 0.950 0.989 0.982 0.968 0.988 0.971 0.964 0.969 0.976 0.965
1000 0.989 0.959 0.991 0.985 0.970 0.991 0.980 0.967 0.980 0.989 0.975
. 300 0.834 0.816 0.808 0.829 0.893 0.941 0.692 0.710 0.804 0.784 0.801 0.800
o 1000 0.878 0.843 0.842 0.870 0.918 0.962 0.720 0.731 0.871 0.857 0.865
300 0.920 0.841 0.922 0.913 0.855 0.965 0.858 0.849 0.918 0.927 0.911
H&% 1000 0.925 0.844 0.938 0.922 0.875 0.971 0.864 0.860 0.935 0.941 0.933
FPR st 300 0.925 0.843 0.930 0.920 0.870 0.947 0.857 0.853 0.911 0.917 0.910
1000 0.932 0.862 0.935 0.925 0.887 0.966 0.866 0.861 0.915 0.920 0.914
e 300 0.900 0.888 0.906 0.894 0.967 0.948 0.960 0.825 0.820 0.889 0.893 0.881
1000 0.917 0.894 0.919 0.915 0.955 0.969 0.863 0.849 0.913 0.922 0.913

RMSEA (0.904; 0.986; 0.942)#1 R (0.803; 0.962;
0.939). Hi L I %1, ORDP J5 ik 7E Q iR EIEH i
P B F RMSEA M R 7k, BEHAET HD Jrik.
J3h, AT TPR & T FPR, H 4 F 5kt T

IER R PR A PR B AR A 95% LA | #F 2z, BT
TE R P75 T B PR B RO R i R 1 B IE R
735, ORDP J7 5% T 1 & 1 18 1E AE 1 7 fIR ot

R H ) 2 E R AR Y

=
5



1004 1N H
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L

5, ML N, L, ME IgRfafE. (1) N
A, LK. MERKEL 1g &, PMR. TPR,
FPR 1 IMP F{EARHR, MEg FIME AR/, Q FEF: 2
TER BT (2) [E5%E N = 300 (1000)H}, ORDP J5
AR A 5256 4 F PMR 2{& 5 0.905 (0.930).
IEEF, PMREA{E A 41k 0.025, [F] #H, [ N = 300
(1000)if, R, RMSEA F1 HD J5 b 16 FiT f7 S 451
T PMR B{E 94855351 2 0.038, 0.029 #1 0.029,
ZEAy, ALEE L. M Bk g i, 45605 7 i S5
1N PMR ¥{ERAFE 5351128 ORDP (0.065;
0.081; 0.073). R (0.075; 0.075; 0.122) . RMSEA
(0.078; 0.098; 0.064) . HD (0.065; 0.083; 0.071). it
& I, RFI RMSEA J5 152 4% IR R 2 i 1 I 8l i K,
ORDP J5 % 3 sl /)N, HD 75 1k B % 89 BBl o

8=, JRPE RS MR A DT B IE SR A
FERRST . ELZk . WSO LSS HIR, 4 Fhorikim
PMR #1843 %)% . ORDP (0.825, 0.955, 0.948,
0.938) . RMSEA (0.803, 0.948, 0.936, 0.929) . R
(0.735, 0.821, 0.826, 0.831) . HD (0.821, 0.952, 0.9486,
0.936), "L, ORDP, RMSEA #1 HD Jik7E4 2
REHT R L MR Ry BL . WSt 53 SRl
S R OSBRI ST B ZE R R SR e gh, e
SRVEHEE T SR B 2R
342 KSHBRMERTESHHRIER

H—, R 7 ME 8 WM, Bk RMSEA 7
B PMR, TPR Fll FPR {H 55, # FRMKIK A
ORDP. HD Fll R 7k 4 P e T LB 4540
) PMR . TPR Hl FPR 1B M\ & B K K : RM SEA
(0.874; 0.985; 0.919) . ORDP (0.864; 0.983; 0.915)
HD (0.856; 0.980; 0.911)F R (0.639; 0.918; 0.865).,
LRI, 4 KS IR ZITIEE S i B, RMSEA 7
BRI R IREAAR L T ORDP J5 ik, 4 PMR 2205
£ 0.01 LAN . IbAh, Frf ik fE 2 oiE&sr i B Y
PMR H¥MR T EMITES S50 FZER, x50
£ WF5% (Chiu, 2013; Wang et al., 2020; Wang, Song,
et al., 2018) 145 S —F .

B, 7EARRFE N, L. M B Ig &7FF: () Fr
HITER PMR, TPR Al FPR #4565 N, L A58,
M FIFEARER [ A3 S mids K (2) W% N. L. M 8
lq B, &7 EAET A L8 40~ PMR YA 4 HE
43 %13C 5 ORDP (0.040; 0.083; 0.104; 0.096). R
(0.050; 0.064; 0.076; 0.073) . RMSEA (0.042; 0.084;
0.106; 0.093). HD (0.044; 0.086; 0.093; 0.106), &
& I, HD J5¥53Z L 1q B4k, il ORDP I

RMSEA J5 ik W ) 52 M /5200

55 = AR IRAE ST | AR L RBIOR oy SR 2
)RR PMR #{H4%]% . ORDP (0.816; 0.892;
0.881; 0.873) . RMSEA (0.788; 0.899; 0.889; 0.880) .
R (0.603; 0.602; 0.602; 0.749). HD (0.810; 0.879;
0.870; 0.866). Al UL, 4 KS AR M ZICIEZE S i,
M7 JE PEZE R h ORDP (R B 2 L T RMSEA J5
B, HE gt RMSEA J5 kR MM T
ORDP J5#, R JFEANTERT A4 T R 2.
41, ORDP, RMSEA #il HD J5 i:1E 45 2450 F 3
M LAR I EL . WSk, 43S, X5
K'S ik N 2435 3 A1 IR A 45 2R — 2,

4 DU IEAE S RO 2t Q FEFY
& 1E A R ]

LT Tatsuoka (1984)/rBUmiiE B, o —iz
FH 4B D5 L 5 bR E 1Y Q FEFFHEAT B IE . 1% 56
fF5 15N H, Z4 50 @ik, —3A 536 H ek
MIVEZ N, . WIth Q F RN 9 iy 0. 1 s,
BEAh, R As QR R RN 45 7 B IE IS Q R MR AH
XA FE bR AN XD G 5 bR LA [A] Q B A
RUBCHE B0 5 o Forp, A X LA 38 bR A 46 O 22
(-2LogLikelihood, -2LL) . v {5 B i ] (Akaike
information criterion, AIC)A1 U1 -5 S /EN] (Bayesian
information criterion, BIC), #iXHEl& T8 RELE M, |
RMSEA Filkg 44 5 #R 5% 2 (standardized root mean
square residual, SRMSR)%: i+ .

& 9~10 Fr AR A A T o L G AE 1 Q AR
48 TE A DL A RUER IR S 45 2 . 3R 9 AT
ORDP. R, RMSEA #il HD J5 k0 % T 24, 32,
5 14 @M. ORDP HikARMHES 1. 3. 5. 8,
9l 11 i, W 10 °[%1, HA ORDP ik IE)G
1 Q K FE AR X UL 845 U0 T I e Q HE R .
JT A D7 iEAE IR G I 4 X A Fe b K F IR i Q 4
FEZ5 S, H ORDP /719 M, Fl RMSEA {1,
XFRWIRH] ORDP Jr B IESG /Y Q FilE 5HEALY
UG AL, (AR, kRN IEr
FWAE N FAEIE QA MERT I, TF5T & ANRETE
SARAEE AT, 02 H R R AT

5 45 5iiE

51 4ig
Q JE M NS W i) B4 Ay o Bl R
SR L R TR, B —E B0, Hik, L
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Item Al A2 A3 A4 A5 Item Al A2 A3 A4 A5
1 1 o 0* "~ 0~ 0 9 1 0 1* 0 0
2 1#* 1#* 1#* 1 0 10 1#* 0 1#* 1# 1*
3 1* 0* or 0 0 11 1* 0 1 0 0
4 1#* 1#* 1#* 1#* 1 12 1#* 0 1#* 0
5 or 0 1 0 0 13 1# 1#* 1#* 1 0
6 1# 1 1#* 1 0 14 1#* 1 1#* 14 1
7 14 1* 1#* 1 0 15 1#* 1* 1#* 1 0
8 1 1* o 0 0

T AL~AB JpIFRIR . IBBEEA . AR (IR M EOh o B o B AL B B, L

ORDP. R. RMSEA I HD J5 ¥ 8% iy @ 1 .

e R

x10 ETA4MAEMBIER Q EEMUGIER

FAXFUE $R IR Zi UG FE bR
Q Hi M,
-2LL AIC BIC RMSEA SRMSR
M, df p
Q_origina 6911.549 7033.550 7294.880 235.320 59 0.001 0.075 0.113
Q_ORDP 6844.310 6966.310 7227.640 178.526 59 0.001 0.062 0.094
QR 6974.382 7096.380 7357.710 179.088 59 0.001 0.062 0.093
Q_RMSEA 6932.032 7054.030 7315.360 214.976 59 0.001 0.070 0.093
Q_HD 6904.563 7026.560 7287.890 196.354 59 0.001 0.066 0.090

AT LR A Q A& IE 7 v A 2 W i) T 2L
FEVUE, B EE S EME . AN S5 e R AL
R S, Fa 3 T T0I N EK LA 53 A7 1) 3 T8 R BUR A,
Jf38 1 Monte Carlo #5451 52 46 I JE T° Tatsuoka (1984)
SO A, I UE R L T B kS R RMSEA
1 HD ke Q MBI R B, WFoR 2.

B—, XTI H Qs R MR | IEHE
(YO8 B RS RSB M B IE RIS, 24 KS IR
51404, ORDP Jyikig ik b feff, £ TRk 2
HD. RMSEA Fl R /7. 4 KSIRMZICIES /1R
i, ORDP JrikfEslisr R R A5 T et HE 2%
45K~ RMSEA Ji s8It T ORDP Jrk; o=, 4%
ITETE KS IR ZTCIER A0 T W& IERCRAR T ik
PSS B RN T S i | 37 WA N1 8 K3
Q FEMFAE IR | I H & A M 2 s /Xt 4 Fpor
2 QA ME IEMCR A B B, — i, AZH
A IR | Q R A R R R B 0T H R AR,
BE R . Hd, ORDP J7ikZ il A%k
ML/, TR M FAA B S B IE 3, 4R
U, ST ISR 45 R B, ORDP Jrikfg
IEJE Y Q M5 8 s i A5 B e o
52 itig

I TR EIR AL G 1 AR BE LU T 40 QR

FEABTE 54k, Hidr, HD Hil R J7 i o 1 W82 s g
O3 AT FNPRAR SN A A 22 57, RMSEA JrikdiiR T
ML= S 1 AR 23R 43 A7 R T 2 1o ARk 23R 43 A 1Y) 25 5
ORDP 77 12 ) Z2| 1] T 43 2k 1A i W 52 S 1o R A5 1)
o KL He o A i — it . B HD ik ANiE
CDM J& FAESBEI LG ik oh, Hog = Forik
#B ST CDM BB R LG k.

B 5T & B, ORDP fil RMSEA ik E Ay
P45 23 BRURIPURZS B AN [T AN R] o Y8 3450
A, BRFE o0 H a0 K Y A4,
ORDP J7 i R I AR T RMSEA ik, 14
Yk N ZICIERSr A iE, ORDP J5 ik HUA 1t 37 75
SER T BB IESE AT RMSEA 7k, B AN
T, AR QHEFFEIE 7k AR S S B PUR S 7
B S [F] M ek 2% (Kang et al., 2019; Wang et al.,
2020; Wang, Song, et al., 2018).

BT FE A M5 % Kang 45 A (2019) A4 7% R H
— B TER T, H Yu Fil Cheng (2020)F1A#f
e RITIEIEE SR, AR 264 T R G A& IE
M—KEEMEE A KRZER . FE L, BARTE
WMEIES R EE R E R e . mhadE, HEEIMEIE
e Bk, UL ORDP Jrik I, feJm Pk 2Lk
Ay R, BSR4 5) 534, L = 20, N = 300,
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M = 20%, Ig~U [0.05, 0.25]()%1FF, TEHEIET
B 147 s, M—WBIEATTRZ 12s, sk, THAHEIE
AIBEAFTERT R PIIBIERY Q JE MR ZAAH A BIAS
WSS L (FE R 48, 2019), — A& IF F AR AE R
UE 7 1 2Z TR L ) Bl AR [) HLAE SR Bl e, (HA )5
WA FHRA LB PIAMEIE 22 5

FAN, ABFFEANEET DINA HAT RS, 4
JaA BT I EINAZ BRI A% 58 ORDP J5ik
MR, — e, I H SR PUIRZS BG4S B
5 QMM IS A B OCHR . T2, ST anfal A if
I H SHCRAN VRS A TR Z X 8 & Q AR FEAS
B IE) R EA EEE L, AN, RiE I8 Um
VAN 72U Ak, B — I 55 2% AN i 3 oz
Yo P, AR IEA BT X Z U5 (B
F}, 2020; X644, 2020; Ma & de la Torre, 2020; 7F
Kith &, 2020). Zfif el o W B3R 1 22 90 55 52 =
RIS Q MG TH(IBIE) ik, BJE, IR
ks Q AL IH(IEIE) Jrikiz H THEkbn g v, L
KRG Q FEFEFI H 25 (FF, -4, 2011;
Chen et al., 2015; 1H %%, 2019), #AB2E4JEHF5E Y
HEy ],

SR L, Q FEFEAGTH(IEIE) Ty ik A s S A
AT Q MR, JE—MritbWrsR, BEALRZEFTTIAYY
SIS R . B RHE R —FMEARSY, 552 &
LR 52 . Rk, A5 —J7 0] LR & Fbr e
1 Q FEFFANTFUEIE) Ik MISS &, 59— 7 nl LhoE
1 Q MM (B E) ik, KA E AT
LRUHE, WD TAERIFE S Q MEFEMhit(E
IE) AR B
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A simple and effective new method of Q-matrix validation

LIl Jia, MAO Xiuzhen, WEI Jia
(Institute of Educational Sichuan Normal University, Chengdu 610066, China)

Abstract

Cognitive diagnostic theory (CDT) can provide fine-grained and multidimensional process assessment
results, which has important research and practical values. The Q-matrix that represents the relationship between
items and attributes, is the basis of CDT. The accuracy of the Q-matrix is an important factor that affects the
accuracy of items parameter estimation and participants’ diagnosis. Therefore, it is of great significance to check
the correctness of the Q-matrix or to validate it. A lot of studies have been carried out on the estimation or
validation of Q-matrix, and a variety of methods have been proposed from different perspectives, each having
their advantages and disadvantages. The methods based on model-data fit can provide rich test information
without the need of complex parameter estimation and time-consuming and tedious calculation. Following this
line of thinking, this study used Gini coefficient to express the purity of expected numbers proportion
distribution, and constructed a simple and efficient Q-matrix validation method, called the optimization of
response distribution purity (ORDP) method, which is suitable for both simplified model and saturated model.

Residual index (R), root mean square error approximate (RMSEA) and hamming distance (HD) were
compared to evaluate the performances with varied influencing factors, under the conditions of two different
distribution of knowledge states (KS) (uniform distribution, multidimensional normal distribution), two different
sample sizes (300, 1000), two different test lengths (20, 30), Q-matrix error rates (20%, 40%), item qualities
([0.05, 0.25], [0.05, 0.24]) and attribute hierarchical structures (independent structure, linear structure,
convergent structure, and branched structure). The specific algorithm of Q-matrix validation is as follows.
Firstly, the initial Q-matrix is represented by Q°. When validating the first item j, the initial g-vector of itemj in
QP is replaced with one of all possible g-vectors, leaving the rest of the items intact. Then, the EM algorithm is
used to estimate the item parameters and the knowledge states of the participants. Lastly, the g-vector that
minimizes ORDP, R, RMSEA, or HD for the g-vector of the item is selected.

Simulation results demonstrate that: (1) The distribution of KS affects the performance of each method.
Specifically, when the KS is uniformly distributed, ORDP method is superior to other methods, HD method is
the next, followed by RMSEA and R methods; When the KS follows multivariate normal distribution, thereis no
significant difference between RM SEA and ORDP. RMSEA method is slightly better than ORDP method except
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independent structure, followed by HD and R method; (2) The validation effect of these methods under
multivariate normal distribution is not as good as that under uniform distribution; (3) The validation rates of the
four methods all affected by sample sizes, test lengths, Q-matrix error rates, item qualities and attribute
hierarchical structures. If the smaller the number of respondents, the shorter the test length, the higher the
Q-matrix error rates, or the lower the item quality, the worse the performance of each method will be, and vice
versa; (4) The validation results based on the fractional subtraction data of Tatsuoka (1984) show that the
Q-matrix modified by ORDP method has the best model-data fit.

In this study, the ORDP index representing the purity of the expected numbers proportion distribution was
constructed based on the Gini coefficient. Simulation and empirical studies show that this method has a high
validation rate for Q-matrices under different conditions. On the whole, the new method proposed in this study
validates the Q-matrix through data analysis, which can reduce the workload of experts and thus improve the
correctness of the Q-matrix.

Key words cognitive diagnosis, Q-matrix validation methods, ORDP method, DINA model





