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FEF AR BEI R) JR B, ASCER T — Ak 53 B3 A A2 BB 8 (General Partial Credit Diagnostic

Model, GPCDM), 5E 5 I B A BT /33 0F i BB B 1 2 0734558 GDM (von Davier, 2008)F1 PC-DINA (de

la Torre, 2012)Ftt, GPCDM By Q JHRfE X EINRTE, W HSEARFME L,

Monte Carlo SZUGFF5T#0H,

GPCDM K BB 145 BE S HR RMSE £1[0.015, 0.043], MG B M AT, TIMSS (2007)323F 50 B IRESY
%MW, 5 GDM 1 PC-DINA ##IH b, GPCDM Sz il & B 4r, It B H GPCDM 2 HriZz s ii2 Wisk R

WEAL
KA

2ES B84l

315

HHET, 208 VPG RO B2 0 o & R ok
R PH B B 3T 4% (Formative Assessments), ‘& H]
DISRHETE 2 0 (5 Bk otk 2 > Bk mg . A2
WriF4h (Cognitively Diagnostic Assessments, CDA)
B 7D 4 B RS M R A g, AT 0
Az R SR AL RN 2 W5 S, DUMEXS IR B0 AT
AR BRI s o, DIAR AR 4 TR R (de la
Torre & Minchen, 2014; Leighton & Gierl, 2007), 4¥
b, SEE 2001 AFE A T O E— DB )
%4 (No Child Left Behind Act of 2001), 7:Z %k
M5 25 | GRS I U O B 2 Wi i
5, G BTG OC T2 A A A R ) I i 5 1) R it
TR FIA AL 3L BB 45 D7 THI ) = 4R A5 8, AT R 2
ARt B E R EF RS . REEUN 2015 40
UGl T EAN 4 I (Every Student Succeeds Act)
BE LR, ik ZARSsn )8 56 22 h 2 MR K
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* [ER HREEIES (31660278, 31760288, 31960186 )% B .
TE R Ry e [ 55—
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o B, AWML T M A E D | DIREREA SR I 2 GET AR R
IWHIZWE, Z90F A2 B R, GDM; PC-DINA

Pz WY L TR . FREITE 2010 AT
B CE R K BE RF MR R
(2010-2020 4F) Yo & Z e M a2, I 2 A
H, BOREZCAPN TR, @ PR R R TR
RFRE, IWEWAMYZEE BE AT UL, CDA 7E ARk
HOE VRS GUIB0R 23 A SRR .

ML, FREC ST R T RSN 9(0-1) P57
N2 Wi AU (Cognitive Diagnosis Model, CDM),
SR T AE SE R 2808 FLO BEPEAS I 56 A7 A K 2 9
VEAT B, i an, 0 BRI g6 v 288 FH 4% po e
(Likert-type)m R [nl 45, 76 B PR mEH, ff
eS8 AR T, AR, “AE”, <R e
SR EAE 5 AR R AN [ AR B A A R AT )
A EBUCERA RS AN, 590745
f R H A L, 29007 B AT DR LS 2 0915 5,
B R B /AR H B Re Ik B R 2 90 H (A
£ I &K FE (van der Ark, 2001),

R T 5 2R R, — A R T A R
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PSS A5 HET R ERVE AT BR Y 2 AT RIS W BT & 1387

LRV BAR A — Ry, SRS PR 0T
411 CDM K43 #7 (Templin & Henson, 2006), $X1M],
Gt i Z 5 AR ERUR B Z A M EME R, Ma
F de la Torre (2016)L4 S Tu, Zheng, Cai, Gao #l
Wang (2017)BF58 ¥ & B, 518 H 2 HIT /3B
AR, A =GP 43 Ay 2 0P 43 B S EAR
RARJE T RRAT0 55 (ARG 2

Mellenbergh (1995)4R 4f #5 UK 22 90 PF 43 55 4
Z AT RO IRT I 2 H0F B85 3 26 (1)
ZFHMEA (cumulative probability models)f&AY, mf &
W, 9% FRAE 45 9 I ¥ (graded-response models) 5 # |
ERET2FHEEF logit (global or cumulative
logit) Y — SR A (2)3% 2% b 2R (continuation ratio
models) B RS B & 9% FRAE T (sequential ) 155 7Y |
BRI T2 K logit (continuation ratio logit)f
— AL (3)AH4PZ 0 (adjacent category ) af
B WA FRAE 53 3R PFE 43 (partial-credit)fi A1 ¢ L3 F
Jry BB AH AR 25 5 logit (local or adjacent category
logit) iy — A, 3X 3 RBIALKG Z T/ E s — )
77 g S AR B, RBGE B2 3 4, E
Xt=1,2,3, EFMERIEA (cumulative probability
models) 4+ i P(x>t) Il P(x<t), Ifij i &% kb A
# (continuation ratio models) ] —. 43 & P(x>1t) I
P(x=t—1), FH4EZE%#i7% (adjacent category models)
TN P(x=t) FP(x=t-1), K, X 3 BRI
AR PR RN FRY, AR, RS A
M T B HEEASF R L (BRERE SO A SRS
ZENT (MUFEZEI) A SR Z MR R R, &
S R E T AT AR UL (B ARIZER)
SIZEH 0 T — N EERZ BB, MARLBZE
U SR R VTS R VB | el 5155 S P B
FFME R AR 2 PSR ) 5 TR ) ), X
A5E 7R T35 FH T 43 B AN 5 908 LA g R 2D 3R (1412 W
55, Flan, SAEKT-IGE . 173 2L b AR R FIAH 2B
SRR ER 2 FE T i A 20 R (steps) 2K 5 TR TR (1) 4
¥4, A 3% 22 b SRR A TR T i R A 28 o AR R i 2 0 R
(consecutive steps), R A5 D) b 5¢ B R 0 Fr
IR, ARe AT T —2, EiE G A g
BRZ 0] ELAT A% 7 OC 2 ARE H ;1 AH SRS ) AR A
ERT AR A B (local step) e #2445, BN g L7E
M IR R HORRT— 2 ¢, XRS5
3 M AR AR AL R 2 ] B A R RV H o Tutz
(1997) A Sk AH 21 25 il 45 Y 05 5 & 43 A OF o &
(rating scales)ZRAU KR H , 4L HORR AT IE 547

B 2t B & — RANE B BRIEH .

£ CDA @i, 5 EC &Ik TN EZ%H
PF43 CDMs (polytomous CDMs), {HJZE A L%
P4 CDMs £ % 2 J8 T R ] % (cumulative
probability) £ %l 1 1% 4% I % (continuation ratio) f&
A, Hansen (2013)fi# % Samejima (1969)%5 4% J2 v A5
%l(Graded Response Model, GRM)iY BAE, #2H T
ZIF ) LCDM B, R4 . Z5H . il
AT R R (2010) 26 F45 ¢ 5 5 78 (GRM) A A AL
B T 20401 DINA #55 (polytomous DINA,
P-DINA), %Hi . MZAMIRA U (2016)7F P-DINA
R R Y e Al o DLk, R H T #) R P-DINA
(Generalized P-DINA, GP-DINA)fE#I . Ma Fil de la
Torre (2016)7F G-DINA HERIFFEAE 4L H T ¥
finT. G-DINA #%I(sequential G-DINA), F4H01 T
G-DINA ##A 2H5E F 4 22 L %R (continuation ratio)fs
AU — A

SR, HArX; FAA4EZE 5] (adjacent category)al
B4R P41 (partial-credit) 2 19 2 2 E4r CDMs |9
WG IR AN 55 . © A W5 E8 P 290 CDMs 1517
YA von Davier (2008)#& i 1) — fi% 12 Wr #% AU
(General Diagnostic Model, GDM)HI de la Torre
(2012)4& H i 43 9F- 4> DINA (Partial Credit DINA,
PC-DINA)AY , {HIX PR EA DL Bl

(1) &5, XM Q Mk LAEM H
K-(item level), BIEATH—AN W 7E AR 15 2 ] — Al
H R [R5 200 5 28 SR R AR IRl Y, (R, X
AR SBER M2 WG B Rk Boh, ANIETE 5
B % 52 1) J& P AT RE AN RN, an Sk Q JE M
N AEZHK - (category level)n] LA AL £ 1912 K
R, A& 2 Wl 5 i Ak ARG B . Sl T O fE,
A H K- (item level) HIZE I 7K (category level)F)
Q HEFE A AT FR A Ttem-Q 1 Cat-Q o B LA —M 1]
K UL BH I RN Q E BE R IX (UL 1), fln,

8.5/0.5-8 JKXIHBMHBE T 3 @ik, Al FR
% A2 RORBRIE; A3 FKRTTFTr . Cat-Q % —20
FERT A2JEYE, B EET AL B, HEA%
27 A3 @ T Ttem-Q MR BS540 2501 % 42
) Ja AT T A H B R Jm A, BV — D 5%
T A1, A2 il A3 X 3 Mk,

(2) Hik, XFF GDMEMINF, EiEEZ
[EIANFEAEE AN, Be R & T JE Pk i 25500 .
M7 S B ) i vh, a1 2 0] 5 AR AE 28 BN,
R 122 0k H ) HE AN 52 3 8 1 3 A0 1Y 5
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®1 FAHAFEEN Q EMRA

Item-Q
I (L3l Al A3 Al A2 A3
UIRES i Wik Bk o5
\/85/05-8 1 1 1
£, 1: 8.5/05=17 1 0 0
P2 17-8=9 2 1 0
B3 Jo=3 3 0 1
W, 22 3 R M 2 I 58 AN B B () T (a0 )=§fﬂ- () Kyn leﬂ
PC-DINA BB, /23T DINA B i 42 H 59, PTG PR T o S mW(@
K.

DINA BERUR B @ B £, A BT A Je 1 1]

WS BRI, B s T HA A B (BB Y fay S,

I, BB — B S W B A 3

FETF I, ARG SO T I Y
RIS, JF & BT DI RE T R 5 R A 2 904N
HIZ WAL, DUFRAN Y i [ PR b0 FR P o AR A
BB Z 20075 CDMs (41 GDM il PC-DINA)#Y A
JE o BT R BRSSO 8 1 AR A 4 28 K
O P E SCEIE 40, 1 H & LL G-DINA #i#)
YER I ek, Pt B — Mt A 12 Wi AL Y
Yo

2 TP AR R R B 2 T
/4y CDM F %

TE XX RARTES | VR RN, my R
WY, WX e {0 m ), HE K FoRIE
R DB, o Ron Bl i B M R AR AL
o = (s Qs i ), IMRIBHERLRR o) 9 BEIK
R TH KB, W oy =1, RKER o =0,
TESLCP(X; = x|a) R BRI a MBHLIESS |
UG x T HIHER . g, FoRE | S 2800) x B 5L
HEPEmE, q, =(q,x1,...,quK), W2 q, (L7 T 5k
MENE, Wq, =1, HWq, =0,

I JR)B logit (local logit) PRI E X, & X
T UL — A 1 43 38 V7 43 1N F112 B 5 A (General
Partial Credit Diagnostic Model, GPCDM)#& A 3{:
P(X; = x| a))

P(X. = =log— " 7 -
[ POX, =1 P =x 1))

(1)
Bixo +B-}—xh (qjx7u| )

Hi g, () FanEdE s gk, R0 logit (local logit)

R, B FATIESE, Bln(a,.a ) Fom B IEY

G 1), AR PR AR L o 59— A Z ML 5

jx
(alualvqjx,qux,v)+ et ﬁjx,lz.A.KJx pa,k
=1

IR KRR | A2 x FE R A
B, Biu TR a, M EROL, RIESRJEE u X1 x
OrBITTRRAE, B TR oy Fl g, 19 B S ROV,
B[R] A % 32 8 Pk u A1 ov R4S x 4 B BT Bk {E
Bixio.x, AR oy g W) K BTN, B R

FEA @ XS x 4 B BTk

B R H i o2& 3 4, BRI 4 155325510,
1,2, 3), UL, AT LIAS 2G5 53 2 51 1 24 XA 3R,
W PR

PX; =1]ay)

X =1 =log——"——
a[PX; =1]a)] B, 0jan)
P(X; =2|o)

X =2|ey) |=log————
o[ PO =2/ ay) X 1)
P, =3]a)

X =3|q)|=log————~
o[ POX;=3la)] R, <)

POX; =0] ) +P(X; =1]0p)+P(X; =2| )+ P(X; =3|ay) =1
(3)
TRARAA T 3 M RRAL, T LU E I R AR

1
220 eXp Zgzo[ﬁjc +B}—ch(qjcval ):I
€xp Z:::OI:ﬁiC +B}—ch<qjc7al ):I

P(X; =0|¢))=

P(X =1|(l ): - ;
e T A b(aa]
P(Xj=2]0)= Z%pz;‘)r-ﬂj”ﬂch(qic’“l )J
Zr:JOeXpZC:O[ﬂjC +ﬁ-}-ch(qjc,(l| ):|
P(X; =3]a)) = expzzz()_ﬂjc +B1J'-Ch<qimal )J

Z:.n:joexp Zgzo[ﬂjc + ﬁ]'—ch<qjc’ul ):I
(4)
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AR 4, 0] LIRS GPCDM A Y &
MG AN — e A K

expzz:o[ﬂjc"'ﬁwj—ch(qjc’ul ):| (5)
e Yo, Bic+Blch (01|
/Za\it 5 %/@ Zg:o[ﬂjc +B-}—ch(qjmal ):| =0,

WK Q M XAEM H KN, Wi
Item-Q B, Jf HABRGS @A R0, AR ETE
[ 1) e v I 3 B8O, DU =X (1) mT AT A A -

P(X; =x|a) Kix

Ogm—ﬁjxo +ﬁjX:12~~-Kijalk (6)

M) LA i, AR, GPCDM %54 F
PC-DINA L 3 P 35 19 S 50T DLA B 5% H
Oix ::Bjxoﬂ 1_ij = ﬁjxo +ﬂjlz~--Kjx o

Zi I, B RIS CDMs K Q JE 4 2 X
FE8 H K-, 1 GPCDM 1 Q HiRfE N R i,
B PLE AR H KA 2R 5K % Q JE
P e SCTERS 4328t B Q JERE Y 2 SCHT MRS 4,
AT 22 ER . 7ESEBr A, 1
T DARYE B B 7ok RIGEBEAFZEAY Q
M. Y345, GDM Fil PC-DINA AR5 Fe ™
uy, FEN T EA BRI RS, 11 GPCDM W2y 5
ZAEE /D, A, B GPCDM £ SZFr i F ip o
R WG, R

3 U
GPCDM HIZ Bk EM B kA1, 1 X 3%

P(X; =x|0)) =

AR TR j EE R, Hrh, i=1,.., ([
j=1....3, m RRBH jREME, X #aagil
i IR T X = (Kjppeen, X)) o AR R 980 57 A
i, BT LAAS 202 BRx Bl oA pRi 4
12K
109 =log [ [ 2 L(X; |0)p(eyy) (7

i=1 1=1
XL LX) 22 Jm PR U7 B MR 2% 1) i X 1Y
IR E AL, pley) B BMER X o BERFE R,
L(X; [ay) AT LAsd I R0 A =05

S | (X;=%)
LXi lap) =] ] JPXjj =xlay) ™ ®)

j=1x=0
Xij = x Rl 7620 | BT, 10x = 02—
RS R . EM BUETE R REEA s - 2D 3R
1 B4 4 BF (Expectation Step, E-step) fll fix K 4k A B
(Maximization Step, M-step).E Z& 1 H B HARECH o
AIBEATESS | B R x AL, T Ry R#ER,

|
Rix = 2.1 (X = 0)P(ey | X)) 9)
i=1

X H Pa, | X)) Fn gl 78 2 AES M & X B8
PERUR T o BUE AR, ATLGE T A ATHA:
|2—K(Xi |oy)p(oy) (10)
Do LX) p(ey)
XFTEUH j, M-step (1 HB2AH HARREIR KA 5%
PFRRA T H 28, HirsR UL T HIA 11

P(o, | X)) =

2k m
f=>> ijlog[P(Xij :X|0‘|)} an

121 x=0

AT RSB FE R AR E, T8
R A optim pRECEL & T LR E AU AE AL AL 5E
%o optim PRELTE R HLYFERIAXIE optim (par, fn,
method), par fCRIHSHWIME, M 143R HIRREL,
method A ¥EEEAUILALIA L, Rk, 4 optim PR%K
TR AE R AT 2 A par (0 HZHWIH), ¥I{E
AT LA A b BEALAE B, o (H AR R E) A £E
AIDEA SRR BT,

EM FLRIEA—IK, #LEuER & ik B sk
P, GnR A B SRE, EARE IR, B0, &R
EAMM % )5, @it EM BkE28m H S50,
K FH B 5 56 (Expected a Posteriori, EAP) 7 53k A
T S EE R R ).

4 SZB5 1: Monte Carlo Z2E0F 5T

SIEY 1 STERES: (1)GPCDM A8 1 S04k 11
R B S HAERE; (2)22RH Cat-Q HEFG:A: sk i,
WA Ttem-Q 40 MR/ BT 8U4E 2 &5 S BRAINS HUAh
THEREBE, Ttem-Q W LAIM Cat-Q 152, fil4n, % 2
RS 1B 1R 2 B0 e 1) 4y )
(1,0,0,0,0)H1(0, 1, 0, 0, 0), T Ttem-Q FF3432k %]
1 fl 2 5 JEdEm AR 2 (1, 1, 0, 0, 0)o

HAR LS (DFEARZ (500, 1000, 2000 F
4000). 2)EEANELGS D7 ), 5 TEYER T BN
Cat-Q W32 FZE 3, ZYAFHn i H h a5 25
2 %55 2 AN @Mk, I H Cat-Q FhaEAN & M py i &
UER AR o S50, R T 82 Wil 55 i 250CR,
SIEMER 7 JR MR Cat-Q M E T S AN T A~
RAFArEH, HiX S 545 T —A> 588 Al ik
JEFER B Q)G K B, 5 J@ PERT 055 20 F1 40 /5,
7 JE YRR AL HE 25 F1 50 8L, 40 8RN 50 Y Cat-Q 5
20 EUF 25 i) Cat-Q ZEHE LR, N T IR
W22, AP T EAERLSIR 100 K.
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Fz2 SEMH Cat-Q 5E/E

A4

A5

A4

A3

A2

11
11

12
12
12
13
13
13

14
14
14
15
15
15
16
17
18
19
20

AS

A3

A2

Al

10
10

%=3 7EMH Cat-Q FEPE

M S (=} (=} S (=} (=} — (=} — — (=} (=] S S — — S (=] — — (=] S S (=] —
M (=] (==} (=} (==} (==} (=} (=] (==} (=} (=] (==} (==} — (==} (==} — (==} — — — (==} — (==} (==} (=]
M oSO O O - O O O - O O O o - o o o - o oo o o o o — <o
M (=] (=} (=} (=] (=} (=] (=] (=} (=] — (=} — (=] — (=] (=] (=} (=] (=} (=} (=] (=] (=} (=] (=}
M — (=} (==} (=] (=} (=} — (=} (==} (=] — (=} (=] (=} (=} (=] (=} (=} S (=} (=} (=} — (=} S
M —_ o - O O - O O O O O O O O o o o o o o —~- o o <o <o
M (=] — — (=] — (=} (=] (=} (=} (=] (=} (=] (=] (=} (=] (=] (=} (=] (=] — (=] (=] (=} (=} (=]
% — o — o — o o — o o — (o] on — (o] on — o o — o o — (o] o
~

Il >~ 0 0 68 &6 68 © © © — — — A N N 1 cr en & & < v 6 »n
WMM LT T T D e SR - N o Y o RN o\ BNNNY o\ I o I o IENNN o NN o NN o\ HENNY o\ BN o I o HENEN o N o NN o\ BN o\ NN o\ BN o\ |
M S (=} (=] S (=} (=} — (=} (=] S (=} (=} — (=} (=} (=] — (=} (=] (=} (=} (=] (=} (=} (=]
M (=] (=} (=} (=} (=} — (=] (=} (=} (=] (=} (=} (=] (=} (=} — (=} (=} — (=} (=} (=] (=} — —
M S O O O - O O O O o o - O —~ = O - O O O o o o <o <o
Mm (=] (=} (=] — (=} (=} S (=} (=] (=] — (=} — S (=} (=] S (=} (=} S — — S — (=}
M (=] (=} — (=] (=} (=} (=] (=} (=} — — (=} (=] (=} (=} (=] (=} (=} — (=} (=} (=] — (=} —
M S - O O O O O O - - O O O O o o o - o —~ = o O <o <o
M — (=} (=] (=] (=} (=} (=] — (=] (=] (=} — — (=} — S (=} (=] (=] (=} (=] S — (=] (=]
% — — — — — — — — (o] — [\l — (o] — o — o — o — o — o — o
S~

%1q43456q,889nimmnnmuunanHuumm
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5512 1 RSE A5 BT AR VTR AT B A 22 TS A RIS W R T 1391
4.1 SHEHER 4.2 THNERE

4.1.1 #WIXBSHAIEI

FEARZ AL 44 /KF, N =500, 1000, 2000 A
4000, MJEPEANEUE 5 AEE, Bra T RERY R R R
B 20 =32 Fh, WA B ERN 32 At
BEMLA L, [FIEE, 4520 @ T 7 A, B
IRAYEPERE N 27 = 128 Fh AT fE AR R B
4.12 FHHEHBSHER

BHZ BB RI:25% T Ma Fl de la Torre
(016)f5%, Togit{ gy [ P(X; =x|a, = 1) |} I 5153
5 U (0.75,1) HrBEALAE ), T logit{gX[P(Xj =X|q, =
)]} AT 535 U (0,0.25) FRBEHLA: B, 3% HL oy =1
TR E AR T | S 02K 5 x BENTH
JEYE, M e, =0 TPk R E IR 720 x 5
ERE—AE M ME R o RN EEN BN T
o =0 Ffla =1 2K, Hla ¢l =00=1}, A,
J& AR oy A X R A HERE L) o) = 0 F o) =1 BT XT
7 M 3 A T A 30 AL 1150 43 A v BEAIL A o

R T AR UEFE A 50 R 3 v, B4R 1
o P 22 25 e R SR R, 249 A S T PR AR
o R ERNYEH | ZRMBENHRE T a,
] oy XiF 17 4350 5 S AR KT a0
4.1.3 1EEHIBAENL

HRAEALPIAT 2 30 B 28k, v DIH R MR
H ooy FBIRTESS | BUAE T x 2 AR P(X, = x| a)),
AR 43 2805 B AR BV, gk S 4R ARy
o BB TESS | R A28 DO IBE 1) 432 4 A v di
B BB AE R — R TR 15 t 43 (1 € {0,1,2,3,4} )X
(A% 2 {0.03, 0.08, 0.12, 0.14, 0.63}, MBIk 7E
RIS At € {0,1,2,3,4) thl R — A8, i
243 WA BRI AL SR 43 51 2 0.03, 0.08, 0.12, 0.14 Al
0.63,

PR bR A S O S BORm I B 2800018 A,
BT R I 43 51 A ST 5K ) o %8 (Pattern Match
Rate, PMR)F144 5 4R % 2245 5 (Root Mean Square
Error, RMSE)2K Jz Bt(Ma & de la Torre, 2016), P>

AR TR AT
> 10, =)

M=o

1i

r

PMR= (12)
NxR

Ho 10 =) FR 58 r IR o A
PO 6 R sE AR, AN O (0 =d) =1,
1 (@ =6;)=0, NFIR=100 4> 53R ALH
R
2

r=11

2K

i[P“)(XJ— =x|oy)-P7(X; =x|a )T

RMSE = {12212

Ix2X xR
(13)

Horp PO (X = x| ey ) PO (X = x| ey ) 53513
TNES T RS AR T ) AN LS ) SR AR o) 72 R
3550 x A%, PMR {H#k K, RMSE {Hilli/N&R
flittiR 28U, RUISBAE TR A R
4.3 LWHER

AR 5 BB T 4RSI A5 T I I 56
PMR #5451 RMSE 3545 .

T E RIS, R TAIKF Q4R
MR (Cat-Q) E LY . BIIL, A T 3G S EUs TR L,
FEU Cat-Q MIZER . IR 4 IZER I, Jm Pk
AEEET 5 HAE A Cat-Q B, MEK FETE 20 IR,
ARIFEAZHE R ) PMR {HARFE 0.94 LU, 1 2450
IR BRI INE] 40 fER, ARFFEAZE T A PMR H
¥ITE 0.99 VL b Y JE A 5055 T 7 B Cat-Q B,
FEM GG B R 25 R, AFFEAZ & T B PMR {H
#BAE 0.86 LA L, MiZEMIAEE R 50 IRy, AN[EAE
AZEH TR PMR {HASTE 0.98 LU I

x4 BEMIREHTHASHEEN PMR &

AR Wk QUK AR A
500 1000 2000 4000
5 20 Ttem-Q 0.931 0.939 0.943 0.951
Cat-Q 0.942 0.948 0.949 0.954
40 Item-Q 0.991 0.993 0.995 0.996
Cat-Q 0.995 0.996 0.998 0.998
7 25 Item-Q 0.818 0.827 0.852 0.858
Cat-Q 0.864 0.866 0.868 0.872
50 Item-Q 0.977 0.979 0.981 0.986
Cat-Q 0.985 0.987 0.989 0.991
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B

7 551 4%

Y,
=

=5 MR R, M Cat-Q B, AN EME
AN A AR A A R A AR 4k, TERTR SR
FHIES RMSE {H¥7E 0.05 IR, B#HFEAR K
4N, RMSE B Z FEAI, #lan, Jete %055 T 5 f
M BE AT 20 B, FEREARZS T2 500 A9 5&14FT,
FF Item-Q A1 Cat-Q Iy RMSE {H43 35 0.103 1
0.043, [FIFERIZRMET, MHARS RGNS 4000 B,
T Item-Q Fil Cat-Q fJ RMSE {843 S F&AK 5] 0.053
F10.015,

R 6B TTEJBTENECN 5, FEAZ &N 1000,
56 BE Ay 20 LR, Cat-Q Fl Ttem-Q 51 F 4 —
) RMSE #6845, T HASE &0 T 45 LRI 6
AL, ik, BRI REE, Hfgdt T
— MR AE R

T 6 LR IR, MTJE 58U 907
THEH, R Cat-Q Al Item-Q JEEEMT Y, Hik
Cat-Q Al Item-Q 1Y) RMSE {B JEASKH Y, 1 7E 2 e iF
SYEURT 15 i, 3T Cat-Q 7551 RMSE {HIA%
BNTHT Item-Q AY RMSE {H, 3T Cat-Q A%
K RMSE & 0.036. 73 4b, rl IR BL, 90750
H# RMSE ZLT 2900 MEH, X 2N,

TS H R AN RCE > T 2 9T 4
H, XAEEH R, EM Bkl DR AU 5 1Y
SRAETHEE, M Item-Q M1, i Cat-Q A BI T
PRALTE Z A M (E B I2 W5 B, DT E2 & 12 W D 56
NG RE

M 4 F1k 5 BT Cat-Q LR AT LI H, Y
JEBHEANEET 5 8 7 i, 3T Cat-Q Y PMR 78/
D56 (20 AUR 25 FOEF, 43513550 T 0.9 F10.8 L) I,
T AE R 56 25 24T (40 A1 50 B0, &A1/ PMR {H
HBTE 0.95 UL, EA1# RMSE {HI7E 0.05 LIF .
X FE 40 U6 B A 5 41 M 0B 0 2 504 113309k T L
PptRafE . RS AOAETHS R

X HE I F AN R 1) Q A BRI &5 5 T LR 3R, 7
FRESEER 4T, 53T Cat-Q g5 R4, T
Item-Q SFEEALA PMR {f, 15 = RMSE {H.
X Q M2 0] i 25 S JUHAE S 55 (5 Ja M)
20 ik 7 JEERT 25 ) spk il A EE A (A 500
NED B A T, flan, M4ErE 5T 7,
B BE Ry 20, il NFECH 500 AR, M3 4 mTL
F i, ffi ] Cat-Q i PMR {8 K 202 0.86, 1M 41
FH Ttem-Q B () PMR {H K272 0.82, 1M 5 0 LA

x5 SMHIREHTHIRESHEE!M RMSE &
JE A% HUE 8 N33 Q Kl iy 2 Al PARE A B
500 1000 2000 4000
5 20 Item-Q 0.103 0.087 0.067 0.053
Cat-Q 0.043 0.028 0.022 0.015
40 Item-Q 0.101 0.086 0.065 0.052
Cat-Q 0.038 0.028 0.019 0.015
7 25 Item-Q 0.104 0.092 0.079 0.049
Cat-Q 0.042 0.032 0.020 0.014
50 Item-Q 0.108 0.089 0.070 0.047
Cat-Q 0.038 0.026 0.019 0.014
£6 % K=5HN=1000 K 20 54 RMSE &
wi Q HilE 2 Al B Q HilE iy 2 Al
Cat-Q Item-Q Cat-Q Item-Q
1 0.025 0.095 11 0.025 0.082
2 0.032 0.092 12 0.026 0.088
3 0.033 0.069 13 0.027 0.091
4 0.036 0.081 14 0.029 0.086
5 0.024 0.086 15 0.028 0.088
6 0.034 0.082 16 0.018 0.019
7 0.033 0.083 17 0.021 0.020
8 0.023 0.079 18 0.019 0.019
9 0.034 0.069 19 0.020 0.019
10 0.024 0.084 20 0.020 0.021
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R, TERFER T, [/ Cat-Q B RMSE A
KL 0.04, 1MfH ] Item-Q 5}, & RMSE B N kK
P2 0.1, X LEE5 AR QAR A Ttem-Q K407
Cat-Q J7 A B iff 55 23 BRI H S 8O S 4L
ARG B . XA R R, ERE £
RVE e B i, X Q MFEMARE, MR
PR T 25 0I5 Q HiFFE(HD Cat-Q), ffi[]
Cat-Q A I THRALHE Z 125 2, M s 2w
NS

5 SEEG 20 SEUEEEATST

51 =B’

N T PR A GPCDM 7 S UE A
RIRSCR, HE T AN T b oA R 8 % 1) 22 2
RIS WO, B SCBFIF 4 169 GPCDM BA K
[ Br F GDM Hl PC-DINA #i8I, 7 FH Bk 58k
#aFME ST (Trends in International Mathematics and
Science Study, TIMSS) 2007 PU4F 2% 527145 i 46 %
JErP R, TIMSS 2 i [E bR 20F St A h 2
(International Association for the Evaluation of
Educational Achievement) & & H)— 4~ Er KEIHEH
VAT H, 2550 H PP X G 08 28k 4 AR50 8 4F
P SR EE SO . TIMSS W 1995 4ETF 46
U, B 4 AF2 AT IR 1E 2015 4R TIMSS
PEA g, Sk AR 60 ZMEZESM T
XY

AICAHT T TIMSS (2007) %08 1 —4>F 4, H
TS 823 Ao ARt 11 AN H W I 8 NE R %L

P11 NEHT, A 3R, 8 I
BH, B QI T,
52 iHHRE

TEM AR HERFE LI 3 A7

(1) RBFN G BIRREARIUEE: @B A
GIRbR: =2 fEXHEURISR (-2 log-likelihood values,
—2LL), Akaike FJ1{5 & ¥ ] (Akaike’s information
criterion, AIC; Akaike, 1974), F1 D1 -3 {5 B vH N
(Bayesian Information Criterion, BIC; Schwarz, 1978)
SR A 3 MR LG B

Q) MEFHKHERXWIZEHE HBFREEE
(Marginal Probability): W2 47 5k 1 #1202 5 I 5
15 0 43 BB A 3 (BD 14 40 ik, — ekt
3 0 3 B B R A X T S S P A B AR,
A 53 1 25 A R e 548 T RT B8y @ ik, I
I, Be b, 130 SR AN TS 2 A0 JE PR PR
FRPZARMRGEIE T 0), W45 2 1 Al 1115 2
JR M BRERIOZAR S GEIE T 1) TR PR
A A KT :

2K
B = D _Pley | Xi)ay (14)
=

P(o, | X)) TR AT 2% 430(10),

(3) INFIIZE{EE 9 #7: Templin 1 Bradshaw
01 T—FITH CDM T J&E M5 (attribute
reliability) {4 77, %7 LA AL (D)E
Je, PR CDM b Bl 5 Jm 121 Ak
B (MRS — AT B JE M PR R, f

*®7 SIERER Q XEME

Item Cat Al A2 A3 A4 AS A6 A7 A8
1 1 1 1 0 0 0 0 0 0
2 1 0 1 1 0 1 0 0 0
3 1 1 0 0 0 0 1 0 1
3 2 1 0 0 0 0 1 0 1
4 1 0 1 1 0 0 0 0 0
5 1 0 1 1 0 0 0 0 0
6 1 0 1 0 1 0 0 0 0
7 1 0 1 1 0 1 0 0 0
7 2 0 0 0 0 0 0 1 0
8 1 0 1 1 0 1 0 1 0
9 1 0 1 1 1 0 0 0 0
9 2 0 1 1 1 0 0 0 0

10 1 0 1 1 0 0 0 0 0
11 1 1 1 0 0 0 1 0 1
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1Y
Play =1y =1)=Nz Pik Pik
i=1

1Y .
Play =1 ay =0) :NZ P (1= i)
E (15)

1S
Play =0,y :1):NZ(1_ Pic) P
=

1 Y . R
Play =0,a), =0) ZNZ(I— P 1= Pr)
i

XH fy Fon gl e E M K I PRAESR, wr L
A 4R R, GRS 2 PR FIEk
%, THREIUARAEOC R, K DUASAHOC RECYE A
JE I AE BE R A o
53 WRER
53.1 RBHEHER

8 WRT 3 MR AN LA bR, S5HR D
7, GDM Fl PC-DINA iX 2 MR I, 76 3
A UA R, GDM LA FAL X 3 45
RIA LT, GPCDM 7E 3 MU F5A8 R AR i
/MY, BIS GDM il PC-DINA #8147, GPCDM
SEAFRT AU A T4 A A A

*8 HIABEXUSIER

53.2  FRAAFHRE KA B BRI R

9 WRT 3 ARG T SRR IR B Y
P PRAES, X5 0 gl &, 3 MY ) S
& 4 300 B ME 6 MK 21 5 7 A Yk J& : GPCDM |
GDM il PC-DINA #&81, XF H 3 MRS (1 £ 145 51
A[LLE B, PC-DINA BRS¢ & M0 PRt e /e 8
AN@EE EACE B 5T GDM Al GPCDM, Hii )
P A1 B PR RGAE] T 0.548, 348 M PR R
i T 0.375, PC-DINA A2 Bl 2645 0 70
KA B PEL PR 2 . GDM A HT GPCDM {31
Ja& T PR A A LE A, PR T 340 1 D B A 5
4352 0.093 F10.001, {HAEEEAKJE MM F, GDM
AR B TE AT Wi B3k 3] T 0.278, 5 GPCDM
MIZE AL, GDM FAL S s T Bk A7 BBt

XEFARE AT (14 s0)gaim s, 3 AR 7
14 ) 1 320 B ABE 3 DA v B 7 4K K . GPCDM
GDM #il PC-DINA #%%1, PC-DINA #%1 H A 7E &
A2, A3 FI A7 BB BRI E T 0.9 LLE,
AR B PE R PR ERAAE 0.7 LT, 3 )E
P FREE% HA 0.749; GDM 5%l GPCDM A3
J& 1 1 R AR 343 ) 2 0.881 1 0.975, {H5 GPCDM
AHH, GDM HIITEJRYE A1, A6 Fil A8 13 FRfE%
A3 J2 0.786., 0.671 1 0.671, #BH A% T GPCDM
Y 0.984 . 0.998 Fi1 0.998.,

- VRER LT BASKE, X T8 0 2 Filor i, 05
‘ “2LL AIC BIC Py GPCDM FE AL AL () 25 SRR fe A FRRY, HkE
GDM 10964 11576 13017 GDM #7875 & PC-DINA #57%
PC-DINA 11191 11757 13089 53.3 BMEESH
OPCOM_ 109% L 12993 F 10 R T 3 BRI LR
=9 FPAERFHEMIAEE AP E
T LY Al A2 A3 A5 A6 A7 A8 Mean
0 GDM 0.024 0.000 0.001 0.076 0.062 0.150 0.278 0.150 0.093
PC-DINA  0.548 0.108 0.387 0.204 0.432 0.470 0.382 0.470 0.375
GPCDM 0.000 0.000 0.000 0.000 0.005 0.000 0.000 0.000 0.001
14 GDM 0.786 1.000 0.999 0.980 0.971 0.671 0.975 0.671 0.881
PC-DINA  0.647 0.988 0.934 0.698 0.601 0.609 0.905 0.609 0.749
GPCDM 0.984 0.981 1.000 1.000 0.839 0.998 1.000 0.998 0.975
10 BNMERTHEMREE
i Al A2 A3 A4 A5 A7 A8 Mean
GDM 0.844 0.887 0.899 0.946 0.906 0.997 0.914 0.711 0.888
PC-DINA 0.644 0.716 0.827 0.721 0.507 0.529 0.779 0.529 0.656
GPCDM 0.966 0.907 0.881 0.951 0.873 0.973 0.985 0.841 0.922




512 4

PSS A5 HET R ERVE AT BR Y 2 AT RIS W BT &

1395

PR, £ 10 M) —F%nR 8 MR TFHE
JE X T GDM AL, JEPE A8 M5 BT br R A
0.710, JEAEXTHRARA, WA 7 AN MERE B br
HBTE 0.8 LU L, J@ AR BT bR 0 B 2 A6 JE M,
KFT 0.997, XFF PC-DINA BB, @ik AS
W5 BE R bR AR AT AIG, HAT 0.507, i@t A3 1Y
fHFREfebrfcrm, BB A 0.827, 1fii GPCDM ) 8
B PR B ARE BEFR A& 0.841,

SVATNTF, PC-DINA Y 8 A 1 A5 B 45
Fr#BE B AT GDM 1 GPCDM. 1fii GDM #i
GPCDM HIL 1M 7, GPCDM fEJ&1E A1, A2, A4,
A7 Fl A8 MFEFEARLZ = T GDM LA, H
GPCDM 7t 5 MEPEmfEEZ T GDM BLAL,
GPCDM TEFI4SJEE A3, A6 FI A7 MUf5 EEFE bR AN
GDM dEH Hzik . MWV JE A5 B in k&,
GPCDM (¥ V-3 JE (5 B R e s i, Hk02 GDM
RS, )5 J& PC-DINA, Bl GPCDM 43 iz S iE 4L
P RO AR

6 WHjLEiL SRS

6.1 FHRLEL

AWEFI R T —F R RE DIRET ik,
HWA B ORI I BT L2 R o AL,
W ST B IE T GPCDM S5 I, &
J& 3 — A TSR L T GPCDM A2 A T4
TIPS 0 2 9% 374> CDMs (GDM Fil PC-DINA)
PN, BFE2sie B2

(1) Monte Carlo W58 A, AWFFEIF K1Y
GPCDM )@ A2 Wi IE %% PMR 7£ 5 & PR
FRAE 0.9 Lh L, 3 HZ%501 RMSE 3443 0.05,
X R W] GPCDM BRI HAT 8 i i S EUA TR B

(2) MM Item-Q #I& Cat-Q A= B B i,
A H MO S OGRS EEER S R, PRI, Y
WS E TER 2 BT/ A2 W 55 Q K T,
Jof J3 A 3 R A5 43 0 I 56 Q KB (R Cat-Q),
ERERMEE Z 2 HiE B

(3) )5l T GPCDM, GDM 1 PC-DINA
BIAUAE TIMSS (2007) 85 (1 52 s i AR, 4538 %
M GPCDM WA BE L, I H GPCDM 41 #r
2B B SR A T A 3K 3 B I AR AR A S B 1
H LA —E R
6.2 TTitFRE

RSB 5 ) 45 FEAS R — et DA Stk — 2P 4 R
Z Y VF45r CDMs IAHICAISE, Ak 28 n] IAEL

LT T RIS

(1) ARWFFER B JE M Z RS A B S 1Y, Q AR
FEIAR A2 58 A 1B 8, 380, AR T EAP J7
BRI AS R, IR A T ik 3E 7% LU 5
XL R 2 AT BE 2 R A SE I 4518

(2) [El— s b, AT R E AT BE LA AN [H)
) CDM, 7E 25 m%diE ™, de la Torre (2011)
N Wald e i 5 10 7 2 o0 A8 H e B A [R] 1
CDM. [MifE 29 o5 v, anfe 2 — R e £ i
A I 2 H%IT45r CDM A ff it — 052 .

(3) ZHIF5r Y Q HRE T LU AR 4 JE K
W, XA B TR Z 2 W5 8, (HR Xt 21 n
Q bR e TAER . HAEl, C&A¥ETKT —
FRYNVET B Q HE MRS E YA, (Hix Sk HR IR T
T RIBERL . SRR BT ST T LAk SR 2 9T
43 CDM H Q Hi B i bs a8 B

(4) ABFFETF & BB AR 15 5 A= 1 fife R SR s I
A —Fp, (AFESZBRI A, [F—1E 8 3 &8 AR
[Fi) ) ik RS s o AN SR AE 2 W 56 vh 2 T gl i A
SR 2R, WA TRETZ2AMENEE,
AT HE 12 W R JBE (U AU, 45, BURE, TR
K, 2012), KL, JFRZRMEHZHITES CDM {H
1Rt — LR

(5) EAK CD-CAT HIXMF5E, JLT-ABEIT
TOHVE 4y B RO R T, S b, 2
CD-CAT (Polytomous CD-CAT, PCD-CAT){E 3B L
A EAT ) RAET S, AUEE RO E F T
F 0 56 A AR K ) Z G 5, EEREEN RS
TR E A, 20T E T DR E £
fIf5 8, BIZZ0E0 1 CD-CAT A B Tk — 2
WS A8, AR BESE ] LLEEXT PCD-CAT HYAH
KEIERTFIEE

2 £ X W
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Abstract

Currently, a large number of cognitive diagnosis models (CDMs) have been proposed to satisfy the
demands of the cognitively diagnostic assessment. However, most existing CDMs are only suitable for
dichotomously scored items. In practice, there are lager polytomously-score items/data in educational and
psychological tests. Therefore, it is very necessary to develop CDMs for polytomous data.

Under the item response theory (IRT) framework, the polytomous models can be divided into three
categories: (i) the cumulative probability (or graded-response) models, (ii) continuation ratios (or sequential)
models, and (iii) the adjacent-category (or partial-credit) models.

At present, several efforts have been made to develop polytomous partial-credit CDMs, including the
general diagnostic model (GDM; von Davier, 2008) and the partial credit DINA (PC-DINA; de la Torre, 2012)
model. However, the existing polytomous partial-credit CDMs need to be improved in the following aspects: (1)
These CDMs do not consider the relationship between attributes and response categories by assuming that all
response categories of an item measure the same attributes. This may result in loss of diagnostic information,
because different response categories could measure different attributes; (2) More importantly, the PC-DINA is
based on reduced DINA model. Therefore, the current polytomous CDMs are established under strong
assumptions and do not have the advantages of general cognitive diagnosis model.

The current article proposes a general partial credit diagnostic model (GPCDM) for polytomous responses
with less restrictive assumptions. Item parameters of the proposed models can be estimated using the marginal
maximum likelihood estimation approach via Expectation Maximization (MMLE/EM) algorithm.
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Study 1 aims to examine (1) whether the EM algorithm can accurately estimate the parameters of the
proposed models, and (2) whether using item level Q-matrix (referred to as the Item-Q) to analyze data
generated by category level Q-matrix (referred to as the Cat-Q) will reduce the accuracy of parameter estimation.
Results showed that when using Cat-Q fitting data, the maximum RMSE was less than 0.05. When the number
of attributes was equal to 5 or 7, the minimum pattern match rate (PMR) was 0.9 and 0.8, respectively. These
results indicated that item and person parameters could be recovered accurately based on the proposed
estimation algorithm. In addition, the results also showed that when Item-Q is used to fit the data generated by
Cat-Q, the estimation accuracy of both the item and person parameters could be reduced. Therefore, it is
suggested that when constructing the polytomously-scored items for cognitively diagnostic assessment, the item
writer should try to identify the association between attributes and categories. In the process, more diagnostic
information may be extracted, which in turn helps improve the diagnostic accuracy.

The purpose of Study 2 is to apply the proposed model to the TIMSS (2007) fourth-grade mathematics
assessment test to demonstrate its application and feasibility and compare with the exiting GDM and PC-DINA
model. The results showed that compared with GDM and PC-DINA models, the new model had a better model
fit of test-level, higher attribute reliability and better diagnostic effect.

Key words cognitive diagnosis; polytomous CDMs; GDM model; PC-DINA model





