31160203 31100756 30860084 11401271)
(19684
. E-mail: franrwlj@ 163. com

( DBA150236)

41 3 ( ) Vol. 41 No.3
2017 5 Journal of Jiangxi Normal University( Natural Science) May 2017
g y y
: 1000-5862(2017) 03-0289-07
1 2 3%
(1. 100875; 2. 330022;
3. 321004)
2
2
? “
; 0 0
:B 841.7 TA DOI: 10. 16357 /j. cnki. issn1000-5862.2017. 03. 15
” ) 23 113 ”»
0 45
() €
( cognitive diagnostic assessment ( ) ) “
CDA) N ( ) ” . “ ” . “ » 14 » 4
( ( attributes) )
' . CDA 2 “
CDA “
. ( polytomous attributes) 0 ( polyto—
mous @Q-matrix Q) N 2
( ordered-cat—
egory attribute coding OCAC) *
4 ( ( “” w3 « ” L
) >> “« ” . ‘“ ”» “ ”» “0 » ‘(2 ”» “
~ ” . ¢ ” “@ n) )
7 CDA 6
CDA 2 CDA
( dichotomous attributes ‘0”7 “1” “ ( hierarchical
v )2 Q0 ( dichotomous @-ma- structure) ' (linear) . ( convergent)
tI‘iX Qd “0 ”» “1 ”» 113 » “ ( divergent)
120170126

(31360237 31500909 31300876



290 ( ) 2017
1 {12 0 -
3 ! 2 R=0 0 (12 1 B
! 2 | 2 oo 0 (125
3 4 - 20 01 g
H 01 — 2 1 1 5=
( 1) ( b 0 0 01 — 25
3) 4200 1 1
( B 1 Mo 1 2 1 1E=R, (1)
3 ) oo o0 1 2V
R, 12 R,
2
0, (1)
4 20 1 1g
Mool 2 ==
B o0 o0 1 2H
1 =1 2 3 456
¢ d 0 o112 2 2 201 1220
(ideal mastery pattern IMP) o > 11l 21 21 12 20, a o
R ¢ ' (DA 000 1 200001 21 210
+ ’ 2’<.—1 (2) L, =2
0 L.
( reachability matrix R) o,
0 0, . (2)
: 0 0 mp,
0 IMP. 0 2 42001111222211220
( dichotomous R,) IMPp:B)()lle 12121122220%
( polytoumous R R) Y Bhooo1200001212120
. mp,
1 R, . R “Imp,”. mP,
R, : (
(1) K a, o a, e ag )
a, LiL =1):(2) (122)  (112)
KxK 0 1 R,
:(3) R, (k k) ( ,
) L, (12
k ( )
L);(4) 0 Kx YL, . (
R o “ v 72
g «“ ” “« »”»
Rp 1 . ) ) .
3 L, =2 ) §
a, € {012} R, ’ )



1 2 1
3 ?
113 ” 9
“« "o 1.1
N. C. Jordan
( number sense) 1142
( counting) — ( num— IMP
P
ber knowledge) — ( number transformation) —

( number estimation) — ( number pat— « »”
tEI‘IlS) 1 “ »
4 ~ 5 ( 43 ”» 2

) - ( ) ; [43 ”» 13 ”
15
4~6
(L)
( ) ( ) 6m’r =0y /Lk ank n
L=2 oa,=1 n
( theory of mind) 16 : !
(4 ) 1 50%; L,=5 ,=2
n 2 2/5.
n 1 2
17 an] a/LZ'
IMP, (
(
) O I*'alhm’)/Lk( Father) == a,,k(s“.,)/L,f( Son) (3)
& ( Father) & j( Son)
ImMP, Ly rathen Lyson
1 3
IMP

ra /Ly = a, /L, = ay/L;
‘a,/L, = a;/Ly a,/L, = ay/L;
‘a,/L, = a,/L, a,/L, = a;/L; .

(4)



292

( ) 2017

Oy Father) = Oyp(Son) -

“« ”

AIC.BIC  DIC )

1.2

L L

[

001
121
001

PRSI
S O N
N = =
O = = (Q
S N =

\i

«

a,=a; a,=a,

=
001112

a2
5)0111121
MO0O0DO0D10O00

p—

113

—_ = N

N )

—_ N =

[13

”»

2112 2q
122220

0
2121 20

i A" \S ]

[NSR NS T ]

==

Do O

mp, mMP( (4 ) 3
Ly
mP, mp,
2
2.1
2.1.1
( )
( )
K=3
I, =3 13
IMP, 3 x42
(=0 o= ay) 3 x31 IMP,
MP, =

04230001111 -
50001231123---
MO00O0OD0OD0O1000 -

123332330Q
331233330%
1111122300
(6)
IMP, 3 x41
(a,=a,=ay)
3 %20 IMP,
IMP, =
0 2312323312323323330(
@00111223111223223305
000000001 11111222300
(7)
IMP, 3 x46
(a, = a,

a =a) 3 %29 mMp

P



3 : 293

231122223 -223333330( “ 7 RPa-DINA
56001012001---222223330% n i P,
000100120 1212312300 Y., ~Bernoulli( P,,) .
(8) ( exact classification)
2.1.2 ( weighted classification) ° 2
DINA ( reparameterized polytomous attrib— ACCR PCCR

utes DINA RPa-DINA) > !
ACCR(a,) =( X W,)/N
P, =(1-s -g) N t 8 n=l

K VoK
. = [Tl PCCR(a) = (X TIWW) /N
i -
0y = o, =g} qjk = K q; > 0} A
P, n i s; _ {1 if o, = ay
g, K groe{0 1 - L} " 0 otherwise;
o, a,e{01 - L} n
k 77711'6{0 1} n i _ {1/2%1{&% if ‘ank _&nk <L,
(ideal response) ¢, e {0 1} 0 " 0 otherwise
(collapsed Q matrix @, 0 o &”k
1 0, .
Qd ) W, € { 0 1} 3
n i k 2 1 . -
n k -2LL.AIC.BIC  DIC
i k
w,; =1. ( conjunctive con— 2.2
densation rule) n i 1
K
1 ( 2 w,; = K) 2 -
k=1 4
7 1. RPa-DINA 20+ NP -1 o,
NP IMP 5
1) ACCR  PCCR
K
NP = J](L, +1) =64. .
ko1
12)
NP =42 2 NP =31
NP = 41 2 2
NP = 20
NP = 46 2
NP = 29.
2.1.3 N
N =1 000 « » (6) ~
(8) : 1=30 « »
g =0.1 5=0.1; 0,



1

Yang Xiangdong Embretson S E. Construct validity and

294 ) 2017
1 -
-2LL AlC BIC DIC
RPa-DINA( ) 19 633.31 19 833.31 20324.09 22 275.31
RPa-DINA( ) 19 546.90 19 704.90 20 092.61 21 228.44
RPa-DINA( ) 19509.93 19 711.93 20 207.61 21 435.24
RPa-DINA( ) 19 438.16 19 618.16 20 059.86 20 887.76
RPa-DINA( ) 19 509.49 19 719.49 20234.80 21 599.51
]l RPa-DINA( ) 19 442.75 19 618.75 20 050.63 21 270.90
2 ( )
ACCR
PCCR
a a; Qs
0.908 0.896 0.917 0.769
0.955(0.047) 0.949(0.053)  0.960( 0.043) 0.876(0.107)
0.921 0.949 0.957 0.853
0.962(0.041) 0.975(0.026)  0.979(0.022) 0.921(0.068)
0.931 0.924 0.916 0.801
0.967(0.036) 0.963(0.039) 0.954(0.038) 0.896(0.095)
0.932 0.925 0.959 0.838
0.967(0.035) 0.963(0.038) 0.980(0.021) 0.915(0.077)
0.916 0.915 0.928 0. 800
0.959(0.043) 0.959(0.044)  0.965(0.037) 0.892(0.092)
0.930 0.945 0.948 0.848
0.966( 0.036) 0.973(0.028) 0.974(0.026) 0.919(0.071)
cognitive diagnostic assessment A . Gierl ] P L M. Cog-
3 nitive diagnostic assessment for education: theory and ap-—
plications C . Cambridge UK: Cambridge University
Press 2007:119-445.
. Tatsuoka K K. Rule space: an approach for dealing with
s A misconceptions based on item response theory J . Journal
N of Educational Measurement 1983( 20) : 345354.
el 0 v Tatsuoka K K. A probabilistic model for dianosing miscon—
“ ( ceptions by the pattern classification approach J . Jour—
) ” nal of Educational and Behavioral Acquisition 1985( 10) :
IMP 453-488.

Karelitz T M. Ordered category attribute coding framework
for cognitive assessments D . Urbana: University of Illi-

nois at Urbana-Champaign 2004:44-67.

J . 2016
(48) :318-330.

Chen Jinsong de la Torre J. A general cognitive diagnosis
J . Ap-
plied Psychological Measurement 2013(37) :417-437.

Leighton J P Gier] M J Hunka S M. The attribute hierar—

chy method for cognitive assessment: a variation on Tatsuo—

model for expert-defined polytoumous attributes

. Journal of Educational

Measurement 2004( 41) : 205237.

ka“s rule-space approach ]



3 295
8 . (0] 13 Jordan N C Kaplan D Oldh L et al. Number sense growth
J . : 2008 ( 3) : 87— in kindergarten: a longitudinal investigation of children at
91. risk for mathematics difficulties J . Child Development
9 Ding Shuliang Luo Fen Cai Yan et al. Complement to tat— 2006( 77) : 153475.
suokas @ mairix Theory C . Tokyo : Universal Academy 14 .4 ~5
Press 2008:417-424. J . 2004 27(5):11324136.
10 . N 15 .4~6
M . : 2012: 130. ] . : 2007( 10) : 37-40.
11 Sun Jianan Xin Tao Zhang Shumei et al. A polytomous 16 .4.5
extension of the generalized distance discriminating meth— J . 2004 42( 12): 1166-
od J . Applied Psychological Measurement 2013 ( 37) : 1174.
503-521. 17 Tardif T Wing-Chen So C Kaciroti N. Language and false
12 .04 belief: evidence for general not specific effects in Canton—
J . : 2015 39 ese-speaking preschoolers J . Developmental Psychol—-

(1) :64-68.

ogy 2007 43(2) :318-340.

The Ideal Mastery Pattern for Polytomous Attributes with Hierarchical Structure
Incorporating Mastery Level Restriction

ZHAN Peida' DING Shuliang® WANG Lijun®
(1. Collaborative Innovation Center of Assessment Toward Basic Education Quality Beijing Normal University Beijing 100875 China;
2. College of Computer Information Engineering Jiangxi Normal University Nanchang Jiangxi 330022 China;

3. Department of Psychology Zhejiang Normal University Jinhua Zhejiang 321004 China)

Abstract: The polytomous atiributes particularly those defined as part of the test development process can provide
additional diagnostic information. When polytomous attributes follow a hierarchical structure a latent logical problem
will emerge which is if a student has only acquired the low level of a father attribute( i. e. pre—equisite attribute)
will he acquire the high level of the son attribute? This situation is uncommon in reality. In terms of logical the
process of learning generally proceeds sequentially so a good mastery of one attribute must base on a good enough
pattern prepared for the pre-requisite attribute. Ideal mastery pattern( IMP) included the all possible mastery pattern
for students within an assessment. Unfortunately the existing calculation for IMP from the polytoumous reachability
matrix and the polytomous reduced @ matrix ignored the logical problem above-mentioned. Then there will be some
students be classified into illogical attribute pattern such as the( 122) and( 112) in linear hierarchical structure.
Aimed at this problem a logical restraint of IMP for polytomous attributes is proposed i. e. restrict the mastery level
of father attribute is higher or equal to the son attribute. A simulation study was given to demonstrate applications
and implications of the mastery level restriction. Results show that ignoring the mastery level restraint would result in
worse model-data fit and worse attribute( pattern) correct classification rate when the response data was generated
from true attributes that followed the mastery level restraint.

Key words: cognitive diagnosis; polytomous attributes; polytomous @ matrix; polytomous reachability matrix; Q@ ma—

trix; attributes hierarchical structure



