43 2 ( ) Vol.43 No.2
2019 3 Journal of Jiangxi Normal University( Natural Science) Mar. 2019

:1000-5862(2019) 02-0128-07

CAT

*

( 330022)
2 BCAT 4 BCAT
Monte Carlo . 3
4 BCAT BCAT 4
BCAT N . BCAT
1B 841 TA DOI: 10. 16357 /j. cnki. issn1000-5862.2019. 02. 03
( GMAT) . ( ASV-
0 AB) | ( NCLEX-RN)
( Factor Analysis FA) ( CAT)
( BCAT) BCAT
. R.D. Gibbons **  BCAT
( Bifactor Model) ( depression) R. D.
- ( generalspecific factor Gibbons ~ ? : BCAT
model) ( nested model) ' . ( CAT-D) CAT-D
12 389
( general factor) ( 0.95 CATD
¢ 1 12 389 )
( specific domain factor) S ; BCAT
(G S S )
. BCAT
N N . BCAT
( Computerized Adaptive
Testing CAT) BCAT
2 BCAT (
) BCAT ¢
N BCAT E
. CAT BCAT G
CAT G S S
( GRE) . . CAT 1

120184021
(31660278 31760288)
(19789 . E-mail: tudongho@

aliyun. com



2 CAT 129
BCAT
BCAT 1
. BCAT
1 G CAT .
G (
G ) BCAT
S ( S ( UBCAT)
) 4 .
BCAT 1.2 BCAT ( MB-
CAT)
BCAT ( MB-
( CAT) ** :
) BCAT UBCAT MBCAT CAT
BCAT BCAT MBCAT ‘
4 BCAT
BCAT BCAT MBCAT ' c )
(s )
1
1 BCAT (6) . MBCAT
CAT( MCAT)
BCAT 2
: BCAT ( Unidimensional BCAT
UBCAT) BCAT( Multidimen— 2 BCAT
sional BCAT MBCAT) .
1.1 BCAT ( UB- BCAT
CAT) ) \
( BCAT
S G
S S 2.1 BCAT ( UBCAT_
BCAT( UBCAT) * . 1 optimality)
1 2.1.1 1 UBCAT_opti-
mality] UBCAT
UBCAT IRT
(G G S
)
(S ) 2 (G S )
1 UBCAT 1
UBCAT _optimalityl UB-
UBCA CAT G S _
CAT 2.1.2 2 UBCAT_opti-
UBCAT 1 mality2 UBCAT_optimalityl UB-
1 CAT_optimality2 UBCAT

UBCAT



130 ( ) 2019
2.2 BCAT (MBCAT_ 2.2.1 1  MBCAT_opti—
optimality) malityl MBCAT
1
2
(1 G 1 N )
CAT
MBCAT.
MBCAT
CAT . CAT
1
CAT (T
")
MBCAT
Wang MBCAT
Chang 2 MBCAT
A .
15,( Hj) 2.2.2 2  MBCAT _opti
A mality2 MBCAT
Tzinf{jalimax([k_,il(Oj)) <d} k=12 - m . 1
d 7
MBCAT
MBCAT
Wang Chun
MIRT 0,
po, =1 -1;'(0) /o, 3
1;'(6)
k O-Zk k Monte Carlo
0 1 5 BCAT
oy, =1 2 BCAT
rxle_(Slx‘v/a-x)z a-le 3'1
N SEX =1//x [x;l( 6) = ( BCAT )
1/x d 1/x. 6  BCAT ( 1)
6  BCAT “BCAT
:(i1) UBCAT
UB- Fisher
CAT EAP ( -33 31
)
UBCAT .
MBCAT 2 R. D. Gibbons s

S,<0.3



CAT

131

12(

V12 (i)

11.11.

I=12)
MBCAT

D. 0. Segall 7*

EAP.

1//12

BCAT

BCAT

UBCAT

G—S,—S,

UBCAT-

UBCAT

optimalityl

G—S, >S5,

UBCAT-
optimality2

MBCAT

MBCAT

MBCAT-

optimalityl

MBCAT-
optimalityl

3.2

Rysp = J _

2. (6, -6,)°/N.

2) BCAT

( Test Efficiency TE)

3)
( TOR)

3.3

( RMSE) :

A

( Max_ Length)

(x’)

300

60

P, =P,

it it

bi)))

3.4

]i( 9) =

03 4

-p

b, ~N(0 1)

UBCAT

- Pjul( 01)
MBCAT

Fisher

( MGRM)

wo Py =1/(1 +exp(-DY a6

F. Samejima ®

m

J
k=1

by <by <by
a; ~logN(0 1).

)’

Fisher

D. G. Seo

D-

ik

1.702°a; Y (P (6) = Pr..(6)) (1 -
t=0

A A
i, = argmax{ det(1,_,(0"") +]]-(0"71)) JE
J

R}

n



132 ( ) 2019
gn -1 S BCAT( MBCAT)
- BCAT( UBCAT)
L (07) n-1 UBCAT 3
A A
0! L6 ( UBCAT ) ( UBCAT_op-
2}" o timalityl ~ UBCAT_optimality2)
4 . UBCAT
UBCAT_optimalityl 2
UBCAT _optimality]
4.1 BCAT
UBCAT
2 BCAT
( RMSE) . 2 4 . UBCAT_optimalityl ~ UBCAT_
BCAT G optimality2 N
S UBCAT UBCAT_optimality2
MBCAT 4 UBCAT_optimality1
MB-
CAT( MBCAT_optimalityl) 2
MBCAT( MBCAT _optimality2)
UBCAT( UBCAT _optimality1)
UBCAT( UBCAT _optimality2) .
2 BCAT RMSE
G S, S, S, S, Sy S G S
UBCAT 0.501 0.622 0.551 0.568 0.531 0.556 0.566 0.555
BCAT  UBCAT_optimalityl 0.392  0.449 0.396 0.406 0.399 0.411 0.411 0.409
UBCAT _optimality2 0.403 0.453 0.401 0.417 0.402 0.415 0.417 0.415
MBCAT 0.389  0.461 0.449 0.449 0.452 0.448 0.452 0.441
MCAT  MBCAT_optimalityl 0.357 0.418 0.376 0.380 0.377 0.385 0.386 0.382
MBCAT_optimality2 0.375 0.437 0.394 0.402 0.398 0.400 0.405 0.401
4.2 BCAT BCAT MBCAT
3.3 (TOR)  x*
UBCAT UBCAT UBCAT _opti- BCAT
malityl 2 MBCAT
UBCAT
3 BCAT
)(2 T()R E R_min E R_max
UBCAT 107. 185 0.446 0.005 0.914
MCAT UBCAT _optimalityl 107. 185 0.446 0. 005 0.914
UBCAT_optimality2 112. 826 0. 466 0.003 0.932
MBCAT 80.512 0.411 0.016 0.920
MCAT MBCAT_optimalityl 96. 187 0.457 0.007 0.959
MBCAT_optimality2 108. 644 0.455 0.002 0.950
4.3 BCAT
CAT X (TE ) : MBCAT
TE 4. 4 3 MB-

UBCAT 3

CAT( MBCAT_optimality2)



2 CAT 133
UBCAT MB-
CAT_optimality2
4
UBCAT UBCAT BMCAT MBCAT _optimalityl
) BMCAT ) MBCAT
MBCAT _optimalityl “ 6  BCAT
4 BCAT
(M
UBCAT 26.810 19 136
UBCAT ~ UBCAT_optimalityl 26.810 19 136
UBCAT_optimality2 26.891 20 86
MBCAT 42.782 5 300
MBCAT ~ MBCAT _optimalityl 40.937 20 300
MBCAT_optimality2 28.049 18 92
5 BCAT
BCAT 2 2) MBCAT BCAT
4 BCAT MBCAT MBCAT_opti-
Monte Carlo malityl N
N 3 MBCAT
4 BCAT BCAT
BCAT 2 MBCAT MBCAT _opti-
4 BCAT mality2
2 BCAT ;s MBCAT_
optimality2
MBCAT UB-
CAT MBCAT
MBCAT _optimalityl ; D. G. Seo
UBCAT 3 6
MBCAT 2 4 : MBCAT
MBCAT MBCAT D-
UBCAT MBCAT D-
. 9 . 10 ,
1) UBCAT BCAT BCAT CAT BCAT
UBCAT UBCAT_optimali-
tyl N
UBCAT 6
BCAT 1 Chen Fangfang West S G Sousa K H. A comparison of bi—
2 factor and second-order models of quality of life ] . Mul-
BCAT tivariate Behavioral Research 2006 41(2) : 189-225.

2 Gibbons R D Weiss D J Pilkonis P A et al. Development



134 ( ) 2019
of a computerized adaptive test for depression J . Ameri— 7 Wang Chun Chang Huahua Boughton K A. Deriving stop—
can Journal of Psychiatry 2013 69( 11) : 11044112. ping rules for multidimensional computerized adaptive tes—
3 Gibbons R D Weiss D J Pilkonis P A et al. Development ting J . Applied Psychological Measurement 2013 37
of the cat-anx: a computerized adaptive test for anxiety (37) :99422.
J . American Journal of Psychiatry 2014 171(2): 187- 8 Samejima F. Graded response model M //van der Lin—
194. den W J Hambleton R K. Handbook of modern item re—
4  Weiss D J Gibbons R D. Computerized adaptive testing sponse theory. New York: Springer-New York Press 1997:
with the bifactormodel EB/OL . 2018-0642 . http: // 85-00.
publicdocs. iacat. org/cat2010/cat07weiss&gibbons. pdf 9 Mulder J van der Linden W J. Multidimensional adaptive
5 Segall D O. Multidimensional adaptive testing J . Psy— testing with optimal design criteria for item selection ] .
chometrika 1996 61(2) :331-354. Psychometrika 2009 74:273-296.
6 Seo D G Weiss D J. Best design for multidimensional 10 Mulder J van der Linden W J. Multidimensional adaptive

computerized adaptive testing with the bifactor model
J . Educational & Psychological Measurement 2015 75
(6) :954-978.

testing with Kullback-Leibler information item selection
EB/OL . 20180946 . doi: 10. 1007/978-0-387-
85461-8.

The Optimization of Testing Design for CAT with Bifactor Model
and Its Application

LIU Xinting PENG Siwei TU Dongbo”
( College of Psychology Jiangxi Normal University Nanchang Jiangxi 330022 China)

Abstract: Four new type of testing designs of computerized adaptive testing with bifactor model ( BCAT) has been
proposed on the basis of two traditional testing designs for BCAT. Two proposed optimality testing designs belong to
the unidimensional BCAT which are called as UBCAT_optimalityl and UBCAT _optimality2 respectively. Another
two proposed optimality testing designs belongs to the multidimensional BCAT which are called as MBCAT _optimal—
ityl and MBCAT _optimality2 respectively. Results showed that: (i) The proposed four optimality designs for BCAT
overall had higher parameter estimation precision of both general factor and special domain factor than two exiting
designs for BCAT. ( ii) As for item bank exposure rate the MBCAT designs were better than the UBCAT designs.

The proposed MBCAT _optimalityl and the exiting MBCAT performed best in item exposure control. ( iii) On test ef—
ficiency the UBCAT designs used fewer items than those of the MBCAT designs.

Key words: bifactor model; computerized adaptive testing; BCAT; polytomously score



