DER2AIR 2012, Vol. 44, No. 1, 249-262
Acta Psychologica Sinica

DOI: 10.3724/SP.J.1041.2012.00249

AL T 2 & OB FSE AF, LR 100875)

AWFFEHET Tatsuoka AN ZS )75 3%, Xof BAR S A 30 S o SO BEAE AR b AT T I8, S T 2%
VORI E T RN 2 6] 7 ik B SEE A S TR 4 R MEIR A CR R | SO | 2B S TR A )X 4 TR
EEBERQR%. 5%, 10%5 15%) 5 iEE T, DURESAHAMER | Palm R | Sudbt 55510 15
b, R T 29T H R RN A (8] )5 2 Y 0 R e . S5 SRR (1) T 29T I H A Y S N
65, REA RO SO AT 0 2R SR, H 0-1 PFArI H R 55 SN bn S AR AR 2 2 AT 0 T B4
(2) B <RBRIEEMR AN, 4 FfJEAER A 0 JHER PEAT 2 A, (3) ARSI Y 73 MR 1
WA T KBRS TE A A Y5 (4) Al RN A5 4 20 A 6 R0 22 ) D325 ) o3 i M A 0.2 R

ZHAF I H ; B B T7 ik SFRON Y SR O AR bR BEAR S AR

B&41

1 HiE

A g 1) ) e Xk G 0 28 e — B OE =X E AR IE
KMABTLTZ)5, POkAE—AE SCHXT R 4F 1) &
Wz WX IR S HE e ERIEN, EEAE TEE
ew HEEMER . — BRI Z I 5 2 (Classical
Test Theory, CTT)al# 1t H 5 1 B8 (Item Response
Theory, IRT)ffiit#I1HE T K -, 8 7 B R
et 5 RO T VP AL SR, AT B A
LB, TEATANAR R Bl Ass AR S0 o >k 2% 2] 1 8
KRR, BEE B E UCREAARBIRA, — 7T
O A BRI 55 13 B R PR A 8022 05 Bl Y — A B B
g7, B HGR R RA R HE: B, 71— HAERZ K
FUBEVPAL vh, 24 e RO A A R A 21 8 2 i 2 25
RER, WHHESHBRE., XTFEHAF NS
BENE AT RO B R R | B Be sl At DA TR AR 2
TTPPAL o SR, DAL S0 Bk i 56 3 K AR ME R A5 2%
A 0 12 L T S 4 e AR ke EL AR TR i LA B 00 g
IZAD RO L 2 NS 2 W5 S . 20 T2 60 248
LIS, BEE NGB 0 AN & e, AT i)
R R OB R T EIRAIE, AR TR

e H 4: 2010-10-20

A AL BRI G ) AR © 2252 BIAR 20 B
BHELRENEMNMU Embretson, 1985; Frederiksen,
Lesgold, & Shafto, 1990; Frederiksen,
Mislevy, & Bejar, 1993; Irvine & Kyllonen, 2002;
Nichols, Chipman, & Brennan, 1995; Snow &
Lohman, 1989), X #tAE i T A KIS WrivAl 09 4 Wi
R NS WIPEAL & 20 tH4D 80 A% HR BIIA AL
P 50 RA LSS WY, TR 2 A Bk
ARG SN RE, 7T LAgA 22k S A L 3
SRR . R 50 B AR
INAHZ WA 1 P B R, 1 SR T
T2y 2 A Mg e ) RIS A DA AR, ot i A
HIZ W 56 5% Bl gE A TR I, SRR IR FAN 2 W
BRSOk T K2 W, B, W HIAEIZ K
FHY A F ) 25 8] J7 35 (Rule Space Methodology,
RSM) . J& ¥ 2 % 7 i (Attribute
Methodology, AHM) . DINA #%7(Deterministic-Input,
Noisy-And, DINA)ZE, X SLA6R1 7 2 WAf 25T
0-1 VIl H . SR, QSR 5E 7 2 DA 56 32 3
Hh e R BB b AR BRI i L B R 4R AR R, IR A3k AT]
E AT H RBP R BUS T REZ E R, 7EX

Glaser,

Hierarchy

* ERKHRBAIEETH (30670718 & 11171029)F1# F #H 224875 A A L RI(NCET-07-0097) %% Bh

HIREE: ¥, E-mail: xintao@bnu.edu.cn

249



250 N BL

¥ 44 %
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0-1 PF4r3 H A IA KNS W B A f5c K PR B b 42 Hopl ik
IR L LD E S IS W 2732 5 w5 I VS SN
JEE b DX R I 5 SR B RS A o DRI, R
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IR J e BE 5 T HEht . Q KP4 (Tatsuoka, 1983)%
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o =1 FRPILERE T8 KN EME, g =0, BRI
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T RRAR RO AR AR T Q MEREYLE, BV
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30 O J P J2 06 28 P A G 36 Q #E R 5 BILAEL S WA=
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P B PR FEME B A 25 5, B 4 S 4R X T K1)
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W REIX 3t BRAR S W AR S 2 ] A 22 57, AT A
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A (2010)F] FH DL -4 9 26 5 d5 /s — T ik A 45 A 1 JE
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AN A5 AN EE A RO 23 [ vk 2 A T AR R 2
VRS it 1 R T B — 2 AT

RT1T KEER QM. AMP 54 IRP

BH Q EfF AMP IRP
1 1 0 0 0 0 0 0 1 0 0 0 0 0 0 1 1
2 1 1 0 0 0 0 0 1 1 0 0 0 0 0 2 1
3 1 0 1 0 0 0 0 1 0 1 0 0 0 0 1 2
4 1 1 1 0 0 0 0 1 1 1 0 0 0 0 2 2
5 1 1 0 1 0 0 0 1 1 0 1 0 0 0 2 1
6 1 1 0 0 1 0 0 1 1 0 0 1 0 0 2 1
7 1 0 1 0 0 1 0 1 0 1 0 0 1 0 1 2
8 1 0 1 0 0 0 1 1 0 1 0 0 0 1 1 2
9 1 1 1 1 0 0 0 1 1 1 1 0 0 0 2 2
10 1 1 1 0 1 0 0 1 1 1 0 1 0 0 2 2
11 1 1 1 0 0 1 0 1 1 1 0 0 1 0 2 2
12 1 1 1 0 0 0 1 1 1 1 0 0 0 1 2 2
13 1 1 0 1 1 0 0 1 1 0 1 1 0 0 2 1
14 1 0 1 0 0 1 1 1 0 1 0 0 1 1 1 2
15 1 1 1 1 1 0 0 1 1 1 1 1 0 0 2 2
16 1 1 1 1 0 1 0 1 1 1 1 0 1 0 2 2
17 1 1 1 1 0 0 1 1 1 1 1 0 0 1 2 2
18 1 1 1 0 1 1 0 1 1 1 0 1 1 0 2 2
19 1 1 1 0 1 0 1 1 1 1 0 1 0 1 2 2
20 1 1 1 0 0 1 1 1 1 1 0 0 1 1 2 2
21 1 1 1 1 1 1 0 1 1 1 1 1 1 0 2 2
22 1 1 1 1 1 0 1 1 1 1 1 1 0 1 2 2
23 1 1 1 1 0 1 1 1 1 1 1 0 1 1 2 2
24 1 1 1 0 1 1 1 1 1 1 0 1 1 1 2 2
25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 2 2
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Abstract

Polytomous item has become an important item type in many large scale educational assessments. However,
cognitive diagnostic models are initially proposed for dichotomous data, which limits the application and
development of the Cognitive Diagnostic Assessment (CDA). For example, the rule space methodology (RSM)
is still limited to the dichtomous item. The article thus extended the dichotomous RSM to that of polytomous
item based on Graded Response Model, focusing on the definition and formula of ideal item-response pattern
(IRP) and caution index in the polytomous item case.

In this paper, the IRP, defined as the number of attributes in an item that could be correctly responded by
examinees without slippage or guessing, can be obtained by matrix multiplication. The degree of aberrant
response, which indicated higher ratio score on hard items and lower ratio score on easy items, was described by

the caution index, f(V)= <R(6)—V, R(6)-T (49)> .The expectation of f(V) was zero, its variance was
ZLI[Ri(9)—t(6’)}2*[ZT;IV?F}-(H)—RiZ (9)}, and it was orthogonal to the ability of & at a given level of
ability.

In the simulation study, Monte-Carlo experiment was used to test the classification accuracy under
4(attribute hierarchy)x4(slippage probability) conditions, indicated by four indexes, the pattern ratio, marginal
ratio, sensitivity and specificity. Under each of 16 situations, the IRP was firstly ranked by raw score in
ascending order, and the distribution of IRP in the population was made to approximate a normal distribution. A
sample of 5000 observed response patterns was generated from the ideal item-response patterns, by randomly
adding slips to each component of the ideal item- response patterns. For example, in order to generate 2%
random errors, a random number was produced from the distribution of U(0,1). For each item, if the random
number was less than 0.01, and its ideal item score was not zero, then 1 was subtracted from it, otherwise 1 was
added; if random number was higher than 0.99, and its ideal item score was not full, then the 1 was added to it,
otherwise 1 was subtracted. MULTILOG 7.03 was applied to estimate the item and person parameters.

The results showed that: (1) the caution index for the polytomous item was constructed properly, and it
could be interpreted with semantic meaning; the caution index for the dichotomous item was a special case for
that of polytomous item; (2) the accuracy of classification under each of 4 hierarchy structures decreased as the
slippage probability increased; (3) the classification accuracy associated with the linear and convergent
hierarchy was obviously better than that of the divergent and unstructured hierarchy. (4) The distribution of the
dots mapped from the ideal item-response patterns has an effect on the classification accuracy, that is, the

overlap of the dots could reduce the classification accuracy rate.

Key words polytomous item; rule space methodology; graded response model; caution index; ideal item-response

pattern



