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(LPE IR R B AHUE B L REAEBE; P YLV R AW S 85 =, M8 330022)

W E NAZEUH PSR SR R 3 28— B SR AR, SRS R 2 A S AR AR SR
W8 AR5, I MK R R P4 b T 2 T Fa A 3 20 e 56 AR [) ke SRR 2% 1 AR A e 5
Tl —FLAH . BFFEEE SRR 73 ZE R VA bn AT LA LB M I 20 2R 45 R vER s 028 — B SR AR vl LA
BP0 o2 A R B I — BV, fE—E R AFT, & TRE B R A IE AR O0 T2 T 56 S0 G bn s A
0056 A I, A TR BE AT LU B I 9 R PR AR AR FEE ()R S N, 3 S ME R PR AN 3 2 — B . A bR
AT LA ATAN b 2 B 6 w0 TSR 2 K0 6 1) 22 o DR SRR 702 15 E AR

KR ZYEUTH R IE; SRR, KB, e RER TR, R, AR

S4ES B84l

1 55

PrifE 2 BRI 56 (CRT) K 1 24 A AR AR 5 H 7
M EIRIE O SR B K. CRT A B TR # % 1Kn
Wi R R k2R R, X BE R A T
TRZIFZ WA (B RT, 2010), CRT HY) 2 BT 5K,
RAFHAR L T HAE BB M P B BE A
Bl CE T W (NAEQ) H 0 T & 1 W ol T 5L R
T CRT; SERE Sy 4 1l e t-4a) v o 2% A B
RUARAEFITEAY, (R 2 A A8 K2 sl A b o IR
WY, TERBKIEE N RS T AA TSR T, KE
I E HART R - XBH (Arne Duncan)if F/R«—H
HET R F bR, R LA, 2 A
S5 R X LR ME” (Duncan, 2009), CRT B4 12
f T AKCE FVGE ks a5, 1 [E PR A= PR A 3 H
(PISA). BRI F S P W58 5 H (PIRLS) . [E PR
HeE FREE OB S IE (TIMSS) . 35 E A 28
WA (NAEP) ., 3EEMAEA2E%IK(GRE). EEK
%7K F- %X (CLEP)fl NAEQ %5 (H B#, 423 T,

ek H #: 2015-10-24

2006; ¥, 2L, (EBEZE, 2015),

CRT — b il o 4R | R ER B PIH
M PSRRI, D 2 R R e A )
& O A B PR A o T AR
2%, Al AR AR v R 2R 5 45 B 56 43 F5o0T B
KRBT 25 AT S A B Ay, DL R Al it Ak
PEA 432248 B 00— B FIMER P, oMY R
Y s (Douglas & Mislevy, 2010; B, 228, i,
o A, 2011),

O3 8 — B 48 WU AT 0 56 b gl L ¢
FAAR P MERE, 35 S e A5 B 5 o SRR A

BRI EE 5 B AR IR AR, 3228 S il 55
% (Lee, Brennan, & Wan, 2009; B&E3F4E, 2011), 43
R —BUERUER PEFE AR 1 & S EFH N« MAPATI 55
I P B AT IR T AR A T, AR S 46 BE I8 (CTT)
I3 B3 3 s N FRIS (RT) F 48 nthiit . AR 0
IRT NN GG brRAti T, 350 /2 12 S0 i AFF 5 40
Z—(Guo, 2006; Lathrop & Cheng, 2013; Lee, 2010;
Rudner, 2005; Wyse & Hao, 2012), 545 £ 45

* R A RPIEERS T E (31500909, 31360237, 31160203, 30860084) . 4= E# & Bl MR F H & A I BI(DHA150285) . #H A
SRR AT AR I 4T H (13YJC880060) . YTV H SRBI2AIE 4T H (20161BAB212044) . JTVGEFE AR IT <+ —H” (2012 4F)
FLRNTH (120Y07) ., JLPEA B EFFF 2013 4R — B (13YB032) . VLVEE & TRHE H R H (GII13207), EREFEERR
BT H (201509470001) . VTP Ui K 2% 35 47 il < 56 4 Fili = 8 sh 3L 4 %5 8 .
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F: —FRLL Lee T AARMIET L £ (D
B SRR AR, 53 —282 L) Rudner 751 41K
Y HE T BE J1 73 B PR K 46 A5 (Lathrop & Cheng,
2013; Rudner, 2005), Guo 77 :4E 4 Rudner 75 B 1)
M E, AM% Rudner J5 75 25 Bh IE S PEBGR (Guo,
2006; Wyse & Hao, 2012), FILAHIZE h 8 A% &
Rudner /7%,

X BB ST AN AL B SEUE A B L35 Lee Fll Guo
FEbRFI, AW 2N ELS TR PP bR 2 (1]
MINTE R o H DM 9T 32 4L p T B4k IRT (UIRT)
T AP T, MRS W E AR TR A, ARZ 5
KW, P2 ESCOHEIES, 41 NAEP, PISA, TIMSS,
NAEQ FIPYJ5 IR A4 (4 NEO-PI-R), #B2&
Z 456 (Debeer, Buchholz, Hartig, & Janssen, 2014;
Makransky, Mortensen, & Glas, 2013; Rijmen, Jeon,
von Davier, & Rabe-Hesketh, 2014; Yao & Boughton,
2007; Zhang, 2012), HIT Z 4045317 i £ 4 IRT
(MIRT)If L 7P 2058 R, Wb il | At 4%
{EL. 1 07000 36 A0 15 T 45 J7 T (Cai, 2010; Reckase,
2009; Wang, 2015; X4l =, 3%, LI, 5k &,
2012; FE3CA, MR, 2012; BEERAE, EV, 2010;
EFHE, Fik, 2015, IR, 46, Wi, TR,
2011; PFEH, TR, B8, 2013; &k, T30,
FALH, AR 2014).

FEREE MIRT 1YL R, IR A WK Lee J7
BAETT T AT 22 400 50 1) 73 28— SO R
41 Grima il Yao (2011). Yao (2016)¥f Lee 7 M
UIRT #E) %] MIRT, Jf-45 Hi i ] UIRT 4347 2 4854
P2 SB/EEFR T4 ; LaFond (2014)%F Lee J5 1
o T R AR R 2 AR A 33X P IUAT 5 4] g i
T Lee JriE RIS 3 B 7326 — B AR M
M A B9 R, TEM B =S 802 e i so Ay
AR AL, FETRE ) 73 B e SR A8 hn 200
T 5L T W% 4 B PR 48 8 (Lathrop & Cheng,
2013), I, Gt s A . Beresliae o d b
(15326 — BOMEFNEDR P, BRI T RE ) 20 B
Guo 77 4] ] MIRT, UIRT T 75 Hi (94518 76 MIRT
TREIAL, Guo 5 Lee FEEA A KM F4EM,
Guo 1, Lee J7 ¥4 & HAMAFRILH 7 XL EATL
BV FEL R] R,

X2 A A TR (AN 52 0 52 B HLs) TR,
HOE 50 B AR 7SRO B L T A I 56 )
%7 (Henderson-Montero, Julian, & Yen, 2003), i &
KA Z B A5 R AR, DI e 5 R L 2K

B . A F M 5E (Chester, 2003; McBee, Peters, &
Waterman, 2014) . 7E“H/NEZEFEIER AN iE—
ML TF N E RIS T, — BRI A o E0E )
ZHEM LR B ROTEERRE | A2 BKE
—AMEIR G G UERL I, IF 0 TS A K
HEIREE KA KT 55 (Abedi, 2004;
Carroll & Bailey, 2015; Chester, 2003; Henderson-
Montero et al., 2003), LA 5T P56 FHL I A9 i 57 &
ARJEAEF T CTT, BAR MIRT JEH 1E & /i 2
AR, WRERR A A TN A . BCREFIRE 1 Y
Wi B (Chang, 2012; HAF4E, ¥, 2010), A2
A 1 AT WFSETE MIRT HEZE T 4045 gl S R )
YIRS FIER T

BT LA b SR [ BURT 23 B, 3 M AR SRR
B FETRE N EH Guo FEAR HLIET L4
Lee fRPRIENRTE, AIJTEIHAAREII4EE . KA
FAMEFZ 2N 45 b, AT 2 BRI J7 iR
AMEFEA SR RP T, TR Al Guo
Lee f845 o

2 ZYRFR VRN Lee Jrik

21 BHEFRRNEER
2 Y S % I AR R (MGRM) J2: ZE 1 757 71 2524 g
MRS ARLEY Z2 gE LAY e B N, B B
=12, N; WEWHHH I, BIBHj=1,2,-,3;
WiH AR B B ORI K, RIAEZ 7y
Bk=01- K,y Fongali 7200 H j B3
d ZaRM I EE 4L, 6, =(8,.6,,-.6¢) TR
Bk i ITERE I o o By RN 5UIH
XAMRE . 5 K FHMEEEA RIS A RS
AL, B 1R 0 Ml i 28 i B j B 5 k B LA
A
1
P(Y;j ;k|0i’aj’ﬁj)=1+exp(,6’jk—a’jﬂi) (1)
I BE P(y; =016;,a;,8;)=1H1 P(y; =K, +1]8,
a;,B;) =0 HAESI N 6; (BHLTEH j LIsTs k7
LA
Pic(0;) = P(y; =K1[0;,a;,B;)=
P(y; = Kk10;,a;.B;)— (2)
P(y; =k+10,.a;,8,)
Hrk=0,1K; .
HEMEE Gy, . BIHSE e FIB, AIEET K
KA SR o = At 7 2 (Wang, 2015)fk 118 i g
RET1 2R 0; BILLER pRE N -
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J K ) H ,
L(y; 16;,0.8) =TT Py; :k|9iaaja|3])(y'j:k> 3) ¢ = [p(h)] (10)
j=1 k=0 h=1
Horh R P R BOE SCANE PRy ZEMER pch) TR A MR K (E®), R
1 #Hy; =k PR PR R py (D) () o
lwm:t i @ 222 EF Lee FMN RMMIMIEI

2.2 ZHREEIT Lee ik
T Lee J7E(Lee, 2010), #fE F TAL 24
RN 32— Bt uEaf M . 12 9(0) RoRBE 1B 5
O3 o R RS H S, IR R a R R
FO s, S1,, S, AR 0 =)< § << sy=+00,
LRI S R T ST sy BT s 1, gk
FIRFE NI, Kb h=12,-H,
2.2.1 EF Lee AARI 2 L —EHEIBHR
J
X FOR PO I S BALEE, x=)y; FoR
j=1
X WUH o 7EJRF A B T, X 3 A3 H i
55, fie 10 0 RIS B X AR SEA -
Py (X =x|0)=

J
> [1P,®  ©

o ) j=1
YisYar e Ya D Y =X0<y <K, j=1,2,+-,3 !
j=1

R FR BN X &R ) iy BB R
Z

HRAE X B9 A F 53 A F R A2 5, AT iR aE )
A 0 BN T B B S h AR

Po(h) =Py () S X <5,10)=
Y, P(X=x|0) ©)
Degno) SX<s}

Heh=12-H,

A T T RE 1 o 0 A Bk i SR o 2 — 3K
4 $(0) :

H
9(0) = Z[ pe(h)]2 (7)

h=1
FEEFFE (0 (0128, TT TSR0 40—
=" p®)90)d6, -0, ®)

Kappa FHO i FHLR T80 28— SRt
TTREIE, e TEge T X L W sy 2 85 A 2 K fE
B LT BEBLIK 7745 s S — 21 7 2 25 R (7 3¢
T, EMSH, w4k, IR, 2011), 43—
Bt ¢ X R A Kappa RECH

K= ¢_¢c
1-¢,
Hrp g, 7 B TR LS i 3 28 45 1 — 20
L, H AN

)

JeTtERE T B R A4 R A

J K
7(0)=2 > kP (0) (11)

j=1k=0
RV B D H 2, o B B R B
TN 75,71, TH > AR 0=7) <7 <+ <7y =40,
24 F O B A2 7(0) € [7, 7,y) B, 5 D SEHEH
Py B s, MTHARE T 0 MR Y Z5 A o3

ESTPIOF
7(0) = Py(h). 75 7(0) e[y 7,1) (12)
P (0) FOIEL, TR BIABR A ST 5 -
7=1 [ r®9®)d6,--dd, (13)

Ty iy BN () ¢ Al g, TTAS y X
H
Kappa R#. Hr y, :Z(z Po, () / N]{Zwm / N]’

het\ ]
47 7(0;) €[z, 7hy) s Mg =1, FW w, =0

3 AR AHGE R bR

3.1 RZFEAMN

PR SR R DU T S 0 6 2 4 T 1 1 R AR
JE, PR RT3 A . #ME BOR A BI4E (Douglas
& Mislevy, 2010) . GnBF5E A A 2= %5 B R 25 A 7E L.
BRI B BE 8 /0 5k, X8 T —FhiR A AU
W, N HEAE =R 2R AERE ) B H RN, P
WX IR B LA 1,

(DFETEARE S - B PR BN, 26 k ZEfE
R XA

Ry ={(6,60,.-.04) | T(n_1yk < b= < G <400,

H
kKzki- J Ry (14)

h'=h+1

Q)FEET A HAE I B PR R, Pesf X Ik A -

Ry ={(6,65,-,64) | T(n-1ya+1) <

d H
dwbt- U Ry (15)
k=1 h'=h+1

(3) B T A BE T3 AE Lo B e SR, e
XA -
Ra ={(0,6,,-,64) | 71k < b

d H
kzl’zﬂ""dar(h—l)(dﬂ)gzwkgk}_ U Ry (16)
k=1 h=h+1
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K1
H
AR (14).(159FIA6)F h=12HH |J R = D,
h'=H+1

W WAL, 7y Al 2y gy H KT 2HL, H —o =
To <Ti <" <Tp =+0, k=1,2,---,d+1,
3.2 £TF Guo AEHI N L —BUEFUER EIEHR
AR EEW UIRT FAY Guo Jikife) I FAhit
MIRT R4 —SEmuEmE, EHT 3.1 A4
HY A DR RAI, X S A SR AR R 2 A4k
TR SRERL I AT B A RE ) 25 1A] 3 HOASAS [R] i R 3K
P RE . A Wi d ZERE ) A5 RIS H AN E
AP XL, R, Ry, Ry, XFh H A
R I
4G Guo 7 ik S, 45 Bl g st y; It
HZ% a Mg, w3 TRUAREBOTE R 73 25
h 28 B 30 A A Ny
[, Ly 10.0,p)c0
Ph =R (R) =
[, Lvi 10,0.p)d0
h=1

Hhh=1.2H, Ly [0.a.p) RAKEG).
Oy R—E g T E AR
N H
> 2.(Pn*pin)
ithet

_ i=lh=
9= N (18)

¢ XTI Kappa REEX L 54K O)KM, HE
H
¢ ZZ(Z plh/N)2 o

h=1 i

N H W = (wy) T AR st i 22 3K
o, B ELAEOR RPN, R SRR
SRAE N O, AT AT A8 20, Y
7(0,) €[tn,7hey) » 5 N IR B Y%,
Afwy, =1, B w, =0, A 3.1 3ok iB
O, AT AR A B A TR R X B wy, o 5SS h 2K
PR IS4,y R BRI h
IR R 5 AR, 53 R 5 A
H

ihl(pm*wm)

_ =1
y=tE (19)

(17

&
N\

)

R SRR T S ) B 5RE IX I T (H=3, d=2)

F y My Bt A (9)h ¢ Bl g, W45 y 1) Kappa fH,
Hrhy, = i[z Pin / Nj(Zw,h / NJ .
h=1\ i i

3.3 Guo AT Lee AiETHLEMIMEIBIRAY

KT VeI IE T A R R bR OE R,
T B — P 3 I DO DX el e vy 7 2 R — —
XTI OE TR o VF A58 FL45 2 56 J5 4 4 43 it R 1)
RN EL, BRI TR A3 53 28 — B0tk FER PE R b
(Lee et al., 2009; Yao, 2016), 48Kk, WA WRIKE
e R AR 8, SR TR EL A R i A
i ROE R A8 (Wyse & Hao, 2012). AWifi
WA BRI H, HIFIR S R B R X
) 1y =[8,8) S EDERER BT, =[r,7,) M [H
(Lee et al., 2009), HHESFOTEAR 1D, A
2 FUA BRI LK ] T, 4R A fiE T As ] @y, BRIV
T AL AE HE 7 0 1Y FL 41 ER 7(0) A1 @, ={0e® |7, <
7(0) <7}, BLTTLLHAIWIGE S 0 IrJE M RE T T8
| . A8 7112510 @, & fE S 25 | e X 4 -
(1)©, =P, h=12--H; 2)0,n0, =T,h=h",
hh =12 H;B)U, 0, =0 ., 1E L ¥k 5 5 m
T, MRAE Lk BN R N 2R, R RE T Je e A
00) HH LA T, 2 N - o, Lee M2
PEAEPREOMETHE 7o F1 Guo Iy EERIZMEMERPETE AR
MG P PIMAERIELT p (1 TR IR BRI, Ky
T3 3CRGR) .

4 B ST

4.1 WxRE®

B S BT 3T Guo kARG A2
— S0 A e T LV A A7 0 6 ) AL
IR ER Y . BB 2K —BE, MR E
I — 5Pk, e 3m A AL ] — ka7 TR — 1 D 56
AR ST AR PRI, SRIG TR R I 55 Ak 168 1 BT
FEAH RIS L3 Bl 2R UEm PE, 248 T A ik
HBLBE 5 A RE 8 T R — 2R R
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»2,
2

42 FRR&I

8 % Z2 2 A5 R B UL IE 5 10 32 56 18 11 (Wang,
2015; Yao & Boughton, 2007), & T ¥ I 56+ B
HERE . AHSCFIAEAS B SE MR o SR IO PR R 58 2 Bl L
Wit T RN G AN BB R RE T [RIAE DG, 28 Fi
SE A, F 1AW T EIEFEALI(1000 F1 3000)
KT H AR R R G

#1 EEHAEKTFT=ZARHEMIRFH
Fo 5

1 2 3 4 5 6 7 8 9 1011 12 13 14

MEEKEE 10 20 15 30 15 30 15 30 30 60 30 60 30 60
RESI4ERE 1
fiE 1#H% NANA O 0 0.50.5080.8 0 0 0.50.50.80.8

1 2 2 2 2 2 2 4 4 4 4 4 4

KB IR

fit 71 1) 5 0 ~ MVN(0,Y) , HIV IR M 35 {8 A 2% 1)
T ZICIER M, T 25 Y EXMmLk FooR
228 1, MiHEICRLWAHFIFEESN 0.0, 0.5 5L
0.8, N FIT RIS PIATE S YL I HE J115 B (Yao,
2012), 5 EAE Bl A 251 A8 R R ORI I 56 7 45 1
PR S 2 I g AR, — A ] B O A )
KABE S 4k F I B 80 (Kroehne, Goldhammer,
& Partchev, 2014; Yao, 2012), BIFE# s mt, R
HEORIEAANBE I 4B I H SO A5 o IR Z4EREal
15 ATE R GE AL A 2 R Y 35 H
2 5 ASFIE B A GEREIE S AN, R
MGRM BRSO, 453 B 1) 5 e 558 900 5035
BB 20 WA T KN 15 iyl i 10 4
W H R H S8 H T Cai (2010)3CHIIE 1, J5
1w 5 AN H ST S AN HSHHEE, Lk 2.
R GRS E L3, Hd B ERSEE
o P REP AR S 500 B SR AR DU AR R 240
FAAERIAY N J g i I H S8 TR 2 thaiH
1~10 19 oy, B, B 8L WAL, DIk 2 o H
1~15 B9 oy, o, Bi, Bo S5 MBS H 1~15

4.3

1 o1, o, B, B ZHCHE NI H 16~30 B9 s, o4, Bi,
Bo S B KI5 JEAS T2 vy Jo D 5605 1) PR 2 AR 4
HUE 4 AR S RO B AR A AN o A e 0 56 Sk
Z b, HUE2PIH 1~15 69 oy, ay, Bi, Bzﬁ;‘iﬁﬁ
SE R T H 31~45 B 0o, a3, Br, B ZECITH 46~60
) o, o, By Bo 80 BRI, B 10 4>
R, — ATt EEN -8k, S —m
FHF S et bRt lie i 22

IR ZE 1 T R R4 F1 Matlab R2015a ¢
1, Horb MGRM S04l 5505k 11 & MH-RM
kL (Cai, 2010), BN FGE WoRAMA T 55 504
DL R AP (Lee, 2010), NIEASCH Lee Jy kTR
PRI JEFET AR B8, B (8)FI(13)RTEE
A AR bR Gy, ROl A RE R g
FEXE A B AT AR R BE AR A o B B
D515 H R SR8 2, T REAY I H AR L
HIEF K, AR (6 RHFER R Ik EEE
N FEAT IR . SR SRR RS2 R R k2
Metropolis-Hastings A4 1 40 37 5 AE IF 3L Rl 5
KA ZE M7,
4.4 RN

Wil or =2, KA =R . ()3T
D6 S4B 40 B DR SRR, ) S0 582 Sk Wl 4 1)
50%F1 80%. MUIGKE R 15 HETA W H i
SRR 2w, MBS R 30, RIFECH 15 A
24 415 ()T 45 4 B RE 1 A B e SR, 454 B
Iy BUR 45 BE ST 4EFE T I 563 50 A9 50% 1 80%
WU S B R 30 AU, AEARE S 4E
JE AT 104300 5 (S A4 I E ), RIR4
H0H 10 7116 435 (3)IETA HLfe 11 O g s B .
253 (15)F(16) H BE 1 B 30 4E B i 18, 1 X1
S ERE R 0 Fi0.75, FERTPIFR PSRN T, Al it
A Lee A1 Guo Jik$6hn. 1MAE =AMy H N T,
M AR #E 7 g ) 725 0] 5 8 4 F X ] ) — —Xf
NKFR, HIH5 Guo Jrikfabs .

Fz2 WEHRB TR ESH(Cai, 2010)

I 8351 H
REE %
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
o 2.2 2.0 2.6 1.6 1.7 1.8 1.8 1.9 1.6 1.7
o 1.2 1.1 1.2 2.1 1.5 2.2 2 2.6 1.6 1.7
Bi -0.67 -1.09 0.18 0.76 —-0.5 0.41 0.07 -1.15 -0.13 1.1 -0.67 -1.09 0.18 0.76 —-0.5
B2 0.72 0.14 1.22 1.42 0.36 1.26 0.96 0.09 0.7 1.56 0.72 0.14 1.22 1.42 0.36
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5 SLEEER

51 BORFHMNTHBIRZREITFMN

FERAI PSRN, Ao F 24 IR bRiR 2
25 SR o FEPRRZE I T EAA T H S B THR2ZE M
SRR ORI TR 22 ORI AR EL S
g ST, R BT H S, i R T24
fETHER AT B 28k, W ie bR e, XA
YR AEE I H SO0 TR 2, © s fh
T H S8, fEdebnit B B, bk f 4E 50K
M [ 0 A AR 255 (R R I K I, 5 R FH SRR R 2
7B 2 R BRI T RE ) A R B4
29534, DRI, SRR P ik A R
W 5 ST (AT B T T S B S s A I
H 250 =t BE £ (1000,3000,9000) %) 35 A1 5%
2R

fifi i 22 (bias) . 46 % i 22 (abs) Fl i 22 15 J5 Al
(RMSE)He S5 i FLAE 5 Ak T HE 22 5 K/ o 45 8 B0
HZ8, mRRREA a6 T, RIE 45011
BAGTTRE ST . LIS A S ASTALLRE T BT AE 28 AH R Y HE
K AEE] Guo 5{ Lee J7 AU 25 EHA M
(Lathrop & Cheng, 2013):

N H
22 W

< _i=lh=l W = 1 % 6,50, # B Th¥
Ao = T oA
(20)
N H
2> W
g:ALee:i:lh:l ,
J
an = . K
W, - 1 # éy,,'%(ﬁ,)%ﬁ)%ﬂfhﬁ e

0 HAth
PR L B A T A T H S B0 P AR K USRI A6 T B
WA S, B HARA)MANE I 2w PE
3 T EIZEA T H S5 = RhAE

B R PR MR bR iR 2. SR E
s (DXFor e IR bR, B H S 40F
K B FAS T H S 8O RSB, ()T Lee 1AM
RUMER TR TR AR B B &R EARZ A EUE
M), 3K 2 PR Sk B B AL AR f: YRR AR 4 (i) T 4301 B
25 A AR AT ELG (3)FE T Guo J7 ik Y43 JEHERA PE TR ok
JE B A A 5 3 B . M ARG AL 1000
Hahn#) 3000 B, RMSE 320> 0.0035 % 0.001, i >4
FIREE 3 I 31 9000 B, Al TS EERG IR AR /D (4)
K B I 58 4= B AR B0 3 i 4 R, T RE TR
FEREDLYES R . LT RA E45 R, T m At H
BRHHEESCR Jg 3000 HIL5 BT 20T .
5.2 EOREBEHMTBIEIRE T

445 0 B SI H SHCT 3 A AER e A
PUAE . A5 H S8CN 03 BT RS ARG THE &
FXF R Kappa (19 2 455 750 R DU i 455 750 25 B2
R, BRI ZE R RS ). R BN
(PRI EAG T B /3 e B P AR EUME L, 38
] DAUER G HAG TR 2 HERf M ()5t . PIAE N
VUL IR, 3 20 M 1 it 000 30K R 8 o v ™ A
G G)RYERIALT, R I A AR A
B, FE—ENES, TR EZEH T
FEFEREALIES L . 71 4h, FEARE 1000 B FEA TR
BT ALERTR T ERAL T H S8R, Iy
FEUERH PR AR XTI H S8 T H R 25 A& KU (L
£ 3); (HPILEBIRVFI DU AERIRL T, S UEnn I 24K
BEAEAS A FT i . EDULE, B TR 2
fli T 5 B S50 £, WA B R 2R
(5) P 285 15 19 4 S W 1 22 B A B g () AH S 3 m
TP A s 4, I L DU A A%5 750 5 100 2 A (1) 25 SR DS AL
(6) LB AERBIARL T, Guo Jrik T BB al A
THE R MER PEFE PR IR & T Lee J7iLAHN 845
(EREWIE A S 00, 5 PG 25 RARAT), PIFP 7 ik
FHEN YAl (ELXT R Kappa A7 JERL A5 1 7E 1
AT, 4550 AR E, AXTEAIDE R 0.8 B, Guo

*3 HEHUMRMEFHETRESLERMEERMN=ZRIRERRNTEHE

T S I bias abs RMSE
Lee Guo Lee Guo Lee Guo
A 1000 0.0035 —0.0029 0.0071 0.0110 0.0092 0.0137
3000 0.0035 0.0027 0.0071 0.0082 0.0092 0.0102
9000 0.0035 0.0048 0.0071 0.0081 0.0092 0.0100
it 1000 0.0036 —0.0005 0.0072 0.0096 0.0093 0.0120
3000 0.0036 0.0042 0.0071 0.0090 0.0092 0.0111
9000 0.0036 0.0062 0.0072 0.0088 0.0092 0.0109
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J7IE T Ay R AEM RS AR A TTHE R Kappa #1105
F Lee kM Kappa; (DAHFEISRMET, WZRIEHE
ZRAMY/N 5 AT B, SR T
SARUER T, TR TR B
5.3 FBEENHEERFEHNTHIEIRME T
FAAERIRI AR R 1, BRI AR AN S S
ST UCRFIAR R, %50 A8 brAdi AR R, 45 R/RAE
A0 TR ES R T AR I 4R

HECE 7, 2568 00 48 B2 Lo R uEmf v+ o ek,
TR 5 TR — A BE 1 4EFE T Fe hr i 45 B A 45
ARG, 37 6 {LEA H DULERIRL ) B 0T H Z4%
T o RAERPEFE PR A BLAUE | AT H S 80T 143
R AR PR A T HE L X R Y Kappao

6 AR IR (DM Al T o R HEafh v
FRAR IR FLPELF, Guo JrikiR FLPERHAT; (2)53FS Uk
PEBE D 95 B3 i 48 = (3)5r 2R UMERA PRI T AN Bifi

R4 BOREHMNT 5 LEMR IR R A THEX A Kappa FHEE X 3000)

gy 2% K BAoR BEAUE fliiHE Kappa
Lee Guo Lee Guo Lee Guo
1 NA 10 1000 0.8217 0.8278 0.8261 0.8360 0.7087 0.7219
3000 0.8132 0.8214 0.8251 0.8329 0.6989 0.7231
20 1000 0.8731 0.8808 0.8761 0.8824 0.7951 0.7973
3000 0.8665 0.8719 0.8710 0.8779 0.7773 0.7782
4 0.0 30 1000 0.8846 0.8816 0.8783 0.8720 0.7675 0.7539
3000 0.8758 0.8747 0.8758 0.8709 0.7520 0.7407
60 1000 0.9102 0.9170 0.9155 0.9067 0.8255 0.7913
3000 0.9145 0.9138 0.9136 0.9054 0.8329 0.8185
0.5 30 1000 0.8873 0.8804 0.8924 0.8929 0.8139 0.8217
3000 0.8927 0.8872 0.8942 0.8928 0.8123 0.8095
60 1000 0.9232 0.9190 0.9258 0.9206 0.8754 0.8666
3000 0.9306 0.9272 0.9279 0.9246 0.8705 0.8662
0.8 30 1000 0.9096 0.9022 0.9069 0.9102 0.8363 0.8391
3000 0.9043 0.9020 0.9071 0.9079 0.8417 0.8435
60 1000 0.9316 0.9334 0.9341 0.9316 0.8936 0.8945
3000 0.9339 0.9334 0.9326 0.9326 0.8828 0.8863
- wE 08920 08921 08939 08936 08115 08095
£S5 BOREHANTSE-HIHERRMITHEX KA Kappa FHEE A 3000)
Y%L % K o [EEE(EN A Kappa
Lee Guo Lee Guo Lee Guo
1 NA 10 1000 0.7544 0.7585 0.7620 0.7737 0.5997 0.6150
3000 0.7436 0.7531 0.7605 0.7717 0.5884 0.6162
20 1000 0.7683 0.7776 0.8260 0.8353 0.7108 0.7156
3000 0.8138 0.8219 0.8193 0.8285 0.6882 0.6896
4 0.0 30 1000 0.8582 0.8649 0.8305 0.8524 0.6696 0.7228
3000 0.8274 0.8329 0.8274 0.8498 0.6490 0.6934
60 1000 0.8435 0.8529 0.8828 0.8934 0.7542 0.7817
3000 0.8787 0.8834 0.8795 0.8911 0.7623 0.7894
0.5 30 1000 0.8676 0.8713 0.8498 0.8642 0.7357 0.7676
3000 0.8470 0.8505 0.8523 0.8687 0.7367 0.7643
60 1000 0.8635 0.8664 0.8957 0.9067 0.8235 0.8403
3000 0.9006 0.9009 0.8984 0.9057 0.8163 0.8371
0.8 30 1000 0.8903 0.8885 0.8670 0.8769 0.7679 0.7891
3000 0.8645 0.8665 0.8675 0.8782 0.7769 0.7964
60 1000 0.8785 0.8809 0.9054 0.9138 0.8477 0.8658
3000 0.9064 0.9079 0.9041 0.9101 0.8351 0.8487
- wE 08441 0848 08518 08638 07351 07583
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Fo FE—NRENUERRKHNT 53 M AR R A THEX B A9 Kappa (FHEE A 3000)

Y%L % K o R A Kappa
Lee Guo Lee Guo Lee Guo
4 0.0 30 1000 0.8369 0.8357 0.8451 0.8315 0.7324 0.7074
3000 0.8272 0.8241 0.8391 0.8238 0.7293 0.7102
60 1000 0.8805 0.8813 0.8833 0.8672 0.7978 0.7664
3000 0.8734 0.8713 0.8785 0.8639 0.7996 0.7714
0.5 30 1000 0.8478 0.8358 0.8524 0.8451 0.7475 0.7397
3000 0.8434 0.8383 0.8508 0.8429 0.7481 0.7372
60 1000 0.8895 0.8852 0.8888 0.8810 0.8201 0.8093
3000 0.8903 0.8846 0.8895 0.8795 0.8151 0.8008
0.8 30 1000 0.8598 0.8535 0.8616 0.8584 0.7686 0.7725
3000 0.8573 0.8494 0.8590 0.8575 0.7650 0.7593
60 1000 0.8942 0.8918 0.8984 0.8952 0.8363 0.8382
3000 0.8890 0.8888 0.8936 0.8904 0.8134 0.8040
- wE 08658 08617 08700 08614 07811 07680

HAEAEHE AR R, AT RE R TR e K A
L ANAR I B BERLIE T2 (4) 70 FSHEmG PR fiE

MGG IR s (5PN, Lee Jriktt Guo
TPk o JEm kR (OMIFEIZEAET, A A 4EE
PRSI FE 73 DR 35 0 U iy 453 21 114 0 288 o A 7 2L
N, RXTEREE, TESCBR N AR A% BE D 4k 2 KR
N A B, T 2 R ISR PR A O
PR E AR L o XA T (9 0 28— Bt e dn 5
ST DRSRERLN B9 73 — BEfE AR AL L F AL,
SEAHE /N8, AR

5.4 BREENREFRNT ISR T

7 4 1S H SBCR 532 — B R v
FEAREIME | AT B 280 32— Bk A v v
FERRG TTHE S EEXT IV 19 Kappa (P 4EA5 11 25 51 K %71
e BRI ()RR DU AERAL T, HE) 1)
Guo J5 LR & M Ak & BURE 1 FL0N R Y 432K —
M AER T Q) FERAERT, T I A Al
RS 56, K HABRA RIS 500K,
H R 5L T B8 7 1 A A 805 8 D SR ) Y )
TR BRSO T 22 57 o RS9 BOR W 1 50% 54 T

RT AHEENRERNT 5 E—HEFERMEERGHEEE A 3000)

— e K - Iy JEMERR PG b Iy — Bk bR
B E fliitE Kappa SN it e Kappa
1 NA 10 1000 0.8169 0.8243 0.7907 0.7498 0.7587 0.6148
3000 0.8116 0.8212 0.7838 0.7408 0.7556 0.6105
20 1000 0.8623 0.8754 0.8505 0.7627 0.8183 0.7209
3000 0.8618 0.8668 0.8330 0.8060 0.8120 0.6918
4 0.0 30 1000 0.8541 0.8399 0.7734 0.8544 0.8081 0.6682
3000 0.8535 0.8386 0.7830 0.8054 0.8081 0.6775
60 1000 0.8908 0.8834 0.8370 0.8217 0.8607 0.7431
3000 0.8794 0.8839 0.8428 0.8491 0.8562 0.7564
0.5 30 1000 0.8812 0.8763 0.8378 0.8466 0.8489 0.7401
3000 0.8827 0.8802 0.8527 0.8425 0.8500 0.7559
60 1000 0.9151 0.9136 0.9025 0.8578 0.8913 0.8329
3000 0.9139 0.9160 0.8891 0.8834 0.8894 0.8214
0.8 30 1000 0.9106 0.9089 0.8885 0.8780 0.8794 0.7933
3000 0.9017 0.9046 0.8839 0.8631 0.8753 0.7992
60 1000 0.9308 0.9292 0.9254 0.8782 0.9061 0.8595
3000 0.9283 0.9291 0.9131 0.9010 0.9051 0.8404
- wmeE 08809 08807 08492 08338 08452 07454
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X RE TR 8L 0, A B IR IE A S A, AT
TR AL BOR 4T 80%XT R Z 3 %N 0.84,
X5 HE S RI %L 0.75 R4 225 o RIF B0 1 Y
fE L AT DLSE i B 0 R E AR R 8,
B0 TR GBS T H X R RE S EL(RT 2 I
BUEFR, 2010), [FIt, PAZERRR 5025 —SE A
HEWAPERS AR S 26 4 N3RS e R A 225

6 i1it

6.1 FAZRHBMERMENX

CRT — ks Bl i 43 D BU LA IR, AT
AT LA o T 0 B A A v R I S B, R AR
TFRNEHE LS, JFH CRT AH TS ECF
(#EFT, 2010; Chang, 2012), #F£ K E AL BA
LYk, R T b R FE 2 ] 9 R 565 L, MIRT
BRI A 280 56 A B B R . AR R FAUE VAN
B T H s ) AR bR, B, EHASEITE
O3 AT E R PPN P A o ASBIFST IE SR FE X FE 1)
T2 T, it MIRT T CRT #4532 —H0PE FvE
PEFEAT

ARWFFEAE MIRT T #E) 3 25— SO R vk 48
bR, RS RY st A2 ERIME, LR S
DRI T AR T, I BCF R B 4 S5 e M
PR A T B 7 R 0 e SR RN N 2 20 e 56 T AR AR
WS F ol — B AH . L7 A2 RIS B | 4R L MG
AR 15 1R SR 25 %o HR bR A T S, F 98 2 B,
BAEAR BN B R BN, 1T AR A5
MR IEM CRT 432805 BE RS . WK A/ B0
WX ERZ I, fHH Lee ¥, Guo
FEEES TAN R | B M5 4
U = TR
6.2 NDR—BMFERMERRL

3 26— SICME 0 A A 3 9 B S B Ak
SR 4 . REAREAT BREk na
T B LI B SRR S E A BB T LA AE
RN b (5 F T o v 8 (21 s o R
B X R B R e R T T M b
W] B 28— SOME R 1k SO iR AL, T T
X ] 43 A T

S—, BT A AT BRI Y 2 26— 5K
PERIMERG T, CRHATEN . GE BB, —
D5 T, SR I A Y 43 28— BOrE AT L g A5 ),
R H 30 5% 4 1 43 220 T 2 AR A I N
K] fig(Lee, 2010), L, SEBrH M B

I EMRAF 2 —E . S —T5 I, W TAESEPRN
ISR S ANAGE, AT o e v B
AR BRI T RE T o BIJEARPEAR 1168 1 A B
SR, BRI BE AT RE 10T Fe A & e IS5
AR e, BRAHL oy 28 uErfitE . th FALTTRE 1 9F
WA E SRR ST, ZEROTE A AN R Z AL, D
R B, IE AR A T H A v
A BN I 56 11 43 2 — BOPE RN il M 1 ) 2

B ARPFRRMERFE AR AN BE L S B 55 1Y)
S UERPE . R4S CRT 432Kk 22308 ] i Hofth 4
bRkt i, N4 bRl IR S HR AR (U BT, 2010). R
T4 bR iR HURE Sk g 7 Akt 5 < BAE > Z ] Y
— 25, IFABE R LAE 43 o BT =X 5 e ) 6
AR SR . A, #E UIRT FliR2E
S RIES AT, AR E KB
PR iR 5 50 R UER MR8 bR AE A2 — P 2 2
R ML . 5C & (Cheng, Liu, & Behrens, 2015), ¥
W IR O RN % 0] LAMES 8] MIRT, (A7) 75 239t
TTH IS o

5=, BT R ER AR I AU RE T TR 5T,
R R AT AN T IS . 1 e, AR S
WiE s R, MO E SR AR, JoikAT B 42k
HER M BE, AR SO R AU 5T 2R T 3 ik #r
TEPRI R, — ROk, BT RZ 2, IR
BT T 5 R, I ATERS 45 2 i HL S DL
TER N 2E, RISLEMITSY 2 /0 a] DGR 2V Ik
YER . S5 A ARSOR UL, AR AEAH 2 BEAR F A0l 5% 1
T, AR ARAS REAR f A T LS Y o 2 — 0k A
Wk, ARAAE N A SEBRIE B, Brds bRt
AT R, WSO RGR TR AR R, BT
B AR AR SE A ] T B SSEE  . A SRR E
ARULHAI T MIRT 15326 —BPE FuERa PEAG 77
7, HEDE AR A BN B9 MIRT S804t 1
Fp, BT EA SR . S8t a R ek
TN, e T A T S B 7 A3 2 — SO A
M IE B, A o3 28— B0t s Al T ik
BN F B SIS, nyE UIRT s H AL A T,
Lathrop Fl Cheng (2014)7E H 3 H iy 5] 75 Hh 23 (pp.
318-319), Hif A\#& 7 26— Bt s A 17
B, AR AN Lee 771k, B TIEMIF£L
SEBRINES Y o g R, I HE ST & AT P
5 AL T TR b B350 S R

S0, Fror ik e dE bR ] T E Ao K £
25 3000 555 1) 5035 B A R VAN o SO B R
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2 A E — 2 AR TR PN 25 T B A9 R (451 3) -
MR, X L a3 SO g S T A, TTRERK
RPN 32 (CE W, WL 2010)0 55T IRT A9
STECE B3 AR B 58 E R Z [ E R,
Z BRI B E B W2 <R H ] 2 4E A
“HH N Z24E, Horst B ] 22 2505 5 A58 E A
RE i 2 IR TEGE RS Hh—1>; TR H 2 4RI 5 7
VFEEAN 8L H %5 88 Z ANV TE 4E 2 (Adams, Wilson, &
Wang, 1997). 7 H [|] 22 ZE 90 55 1 45 58 o3 B 4 15 F 58
%% (Yao, 2016; Yao & Boughton, 2007), i H N
22 U 3 A i 5 i AU 53 B (Yao, 2010), 1EE
ZRUCSEFLINT, 4 bs al T DAk s 7 28000 95 1) 43
FEUE A — 0k, T 5 R A .

6.3 MRARINEFHFH—TRITHY O]

HT Guo J7 LR HE AR Al AL A [R] P S )
T 2R — B R ERR R, AR n it AR
¥ . Guo J7 A% Rudner $5 45 (Rudner, 2005; Wyse
& Hao, 2012)7 Zf B iE A M (Guo, 2006), 1T
1A TAEIEASYERARE, (RIS AT 50 3 55000 A IE AP
A AT REAT R 43 2R A5 R AN [R] (Douglas & Mislevy,
2010), (HRAM T BA AR ES A EE ), L
K Guo F8brx%f T3k IE A HE A gt . e )1 i
RAEIER A S5, FatnR BTy AREEoE

R Guo FEIF AT EAE 1R 25 HA IEANE
e, (HRERERMA IRT FHRISRREL, FHIE Guo
T3 R I R IO T AL — BERMUA G Ol o W SR AY
— BORHUAANGE, X Guo Jrikpysg i ? 2 mA
BRI RIEA MR ETIESHS I
i T 55 04 % B Ak 7 s T T Al T RS T
A, I AL T o3 28— Zom: Fn i i 4 (Lathrop &
Cheng, 2014) LS8, BBEH T2 L T4
R USRI 7 32— BobE FfEaf A 1, 056 7F
-3

MIRT F, 40{i%:F Rudner J7 ¥ (Rudner, 2005;
Wyse & Hao, 2012)fliitr26—EHEMUER 7 E
P9 8F5% - Rudner $8 45 77 2 i B g 71 Al 10 22 56 b
sl f5 BRI, BB 1 M5 BE FE B A R T T
ALK SE TR AR 2 R o 15 B R — A Ak i ik
TR TAG T 28— St s, 5 ERR.
QU ARAEI G4 BB, Al AR Ak 1A E T 1R
ZEWTE IR Z TCIEZS 434t o 111 22 TG IEZS 43 A BEAL 7]
VR TEAE B IS B T AR 2 5, 50nT R gy
e — B R P B TR ok — e W T

AHFFER T WA AR A B2 i 5, A

R T AR FIACE 153 206 B 4, It A 2 —
B AAERR T . A LA BUEE T 38U B R
AR B (Yao, 2010), XFEA LHE F1 0808 7325
— SO A AT (AT . FE T A N A SR Y
WLEE P B AT A i, B HE o3 28— Bk Ao 14
W (EAS 5 1 . AEARe e I R sk, o FH IR o 5 R
W), JWELGEZRICEKEN . (FE . 2U% . ATV
PR S5 R 2 . 5 4h, A T BT 48 bR AE L SE Y
CRT ST HL A 2500 56 rh 9 1 o

7 45

ARG T MGRM )43 28— E00: i
PEFbR, IR SRR Y I iU A I T8 b Al
The WFFERM

(HFETF Guo F#(Guo, 2006; Wyse & Hao,
2012)4% Hi Y 22 AR R R Y 23 28— S0k Ao v 45
bR, TTHERGHIPEMY Z24E CRT A3 2405 B RIS

()M EE Lee J7ik, Guo HikH RN, EHT
Z RPN ARG, AT TS A5 . 45
NSRS R A0 G (= [ WS 7S T = s e W 2
A2 2 PRI 4328 — Bk AR R R AR A T

Q)Z YRR T HETHRE T /3080 Guo ik b
TS LT Lee J7ikAd 80 02—tk mg i, o
FEAER MEAERE J7 DA GRS R T iy . IRk, i i
IRT L5 DSE T8, 05E 53 TRE e . e
A5 G0 R AR R 1 55 T RE 4 B0 U SR T ME A,
Lathrop il Cheng (2013)7E H4% Lee J5 ¥ #11 Rudner
Jrik, WA AHIE A AR .

(4)TE S0 PSR FLN RN JE A5 B e 50 40 A T (B 5
B 53 A R A oAy, IECE FAER] T RS T
S AAERR AR ARG TR AR 2R ST IR — LA

2 £ X #

Abedi, J. (2004). The No Child Left Behind Act and English
language learners: Assessment and accountability issues.
Educational Researcher, 33(1), 4-14.

Adams, R. J., Wilson, M., & Wang, W. C. (1997). The
multidimensional random coefficients multinomial logit
model. Applied Psychological Measurement, 21(1), 1-23.

Cai, L. (2010). High-dimensional exploratory item factor
analysis by a Metropolis—Hastings Robbins—Monro algorithm.
Psychometrika, 75(1), 33-57.

Carroll, P. E., & Bailey, A. L. (2016). Do decision rules matter?
A descriptive study of English language proficiency
assessment classifications for English-language learners
and native English speakers in fifth grade. Language
Testing, 33(1), 23-52.

Chang, H. H. (2012). Making computerized adaptive testing
diagnostic tools for schools. In R. W. Lissitz & H. Jiao



1622 i Bt}

EE ¢

48 4

(Eds.), Computers and their impact on state assessment:
Recent history and predictions for the future (pp. 195-226.).
Charlotte, NC: Information Age.

Chen, P, Li, Z., Xin, T., & Gao, H. J. (2011). A review of
decision consistency indices of criteria-reference test.
Psychological Development and Education, 27(2), 210-215.

(R, ZFE, ¥, mafd. (2011). bR Mg oo —
BRI RYEBSG ERE. OHLRGHE, 2112),
210-215.]

Cheng, Y., Liu, C., & Behrens, J. (2015). Standard error of
ability estimates and the classification accuracy and
consistency of binary decisions. Psychometrika, 80(3),
645-664.

Chester, M. D. (2003). Multiple measures and high-stakes
decisions: A framework for combining measures. Educational
Measurement: |ssues and Practice, 22(2), 32-41.

Dai, H. Q. (2010). Psychometrics. Beijing, China: Higher
Education Press.

[BEFT. (2010). L2 Jeat: wSHE ]

Du, W. J., & Xiao, H. M. (2012). Multidimensional grade
response model. Acta Psychologica Snica, 44(10), 1402—
1407.

[FESCA, HIREL (2012). 2450 NS G R AR AL
PR IR, 44(10), 1402-1407.]

Debeer, D., Buchholz, J., Hartig, J., & Janssen, R. (2014).
Student, school, and country differences in sustained
test-taking effort in the 2009 PISA reading assessment.
Journal of Educational and Behavioral Satistics, 39(6),
502-523.

Douglas, K. M., & Mislevy, R. J. (2010). Estimating
classification accuracy for complex decision rules based on
multiple scores. Journal of Educational and Behavioral
Satistics, 35(3), 280-306.

Duncan, A. (2009, June 14). Address by the secretary of
education at the 2009 governors education symposium:
States will lead the way towards reform. Washington, DC:
U.S. Department of Education. Retrieved May 10, 2016,
from
http://www2.ed.gov/news/speeches/2009/06/06142009.pdf

Gan, L. M., & Yu, J. Y. (2006). The study of criterion
referenced test's score system. Psychological Exploration,
26(3), 79-83.

[H R, &F#I0. (2006). rifE S BN 5 40 B0k R 5 5F
Y. DPEFEHFS, 26(3), 79-83.]

Grima, A., & Yao, L. H. (2011). Classification consistency and
accuracy for test of mixed item types. Unidimensional
versus multidimensional IRT procedures. Paper presented at
the annual meeting of National Council on Measurement in
Education, New Orleans, LA.

Guo, F. M. (2006). Expected classification accuracy using the
latent distribution. Practical Assessment, Research &
Evaluation, 11(6), 1-6.

Henderson-Montero, D., Julian, M. W., & Yen, W. M. (2003).
Multiple measures: alternative design and analysis models.
Educational Measurement: Issues and Practice, 22(2),
7-12.

Kang, C. H., & Xin, T. (2010). New development in test theory:
Multidimensional item response theory. Advances in
Psychological Science, 18(3), 530-536

[FREAL, F¥. (2010). 3SR A8 & R 24600 B 0
Pt OFFIEARE, 18(3), 530-536.]

Kroehne, U., Goldhammer, F., & Partchev, 1. (2014).
Constrained multidimensional adaptive testing without
intermixing items from different dimensions. Psychological
Test and Assessment Modeling, 56(4), 348-367.

LaFond, L. J. (2014). Decision consistency and accuracy
indices for the bifactor and testlet response theory models
(Unpublished doctorial dissertation). University of lowa.

Lathrop, Q. N., & Cheng, Y. (2013). Two approaches to
estimation of classification accuracy rate under item
response theory. Applied Psychological Measurement,
37(3), 226-241.

Lathrop, Q. N., & Cheng, Y. (2014). A nonparametric approach
to estimate classification accuracy and consistency. Journal
of Educational Measurement, 51(3), 318-334.

Lee, W. C. (2010). Classification consistency and accuracy for
complex assessments using item response theory. Journal
of Educational Measurement, 47(1), 1-17.

Lee, W. C., Brennan, R. L., & Wan, L. (2009). Classification
consistency and accuracy for complex assessments under
the compound multinomial model. Applied Psychological
Measurement, 33(5), 374-390.

Liu, H. Y., Luo, F., Wang, Y., & Zhang, Y. (2012). Item
parameter estimation for multidimensional measurement:
Comparisons of SEM and MIRT based methods. Acta
Psychologica Sinica, 44(1), 121-132.

R4z, %77, EP, KE. (2012). Z4EN 5T H S50
flith: T SEM 5 MIRT J7 ik L. O 2747, 44(11),
121-132.]

Makransky, G., Mortensen, E. L., & Glas, C. A. W. (2013).
Improving personality facet scores with multidimensional
computer adaptive testing: An illustration with the Neo
Pi-R. Assessment, 20(1), 3—13.

Mao, X. Z., & Xin, T. (2015). Multidimensional computerized
adaptive testing: Model, techniques and methods. Advances
in Psychological Science, 23(5), 907-918.

[BFEE2, ¥k (2015). AL HIERN T : BE 5
RFTTIE. OFEFLFIRE, 23(5), 907-918.]

McBee, M. T., Peters, S. J., & Waterman, C. (2014).
Combining scores in multiple-criteria assessment systems:
The impact of combination rule. Gifted Child Quarterly,
58(1), 69-89.

Reckase, M. D. (2009). Multidimensional item response theory.
New York: Springer.

Rijmen, F., Jeon, M., von Davier, M., & Rabe-Hesketh, S.
(2014). A third-order item response theory model for
modeling the effects of domains and subdomains in
large-scale educational assessment surveys. Journal of
Educational and Behavioral Satistics, 39(4), 235-256.

Rudner, L. M. (2005). Expected classification accuracy.
Practical Assessment, Research & Evaluation, 10(13), 1-4.

Tu, D. B., Cai, Y, Dai, H. Q., & Ding, S. L. (2011).
Parameters estimation of MIRT model and its application in
psychological tests. Acta Psychologica Snica, 43(11),
1329-1340.

(R, 4530, iR, TRIR. 2011). 24800 H &M
W SR R AR OIS T R OB R, 43(11),
1329-1340.]

Wang, C. (2015). On latent trait estimation in multidimensional
compensatory item response models. Psychometrika, 80(2),
428-449.

Wyse, A. E., & Hao, S. Q. (2012). An evaluation of item
response theory classification accuracy and consistency
indices. Applied Psychological Measurement, 36(7), 602—624.

Xin, T., Li, M., & Ren, X. Q. (2015). Reporting and using the
results of national assessment of education quality. Beijing,
China: Beijing Normal University Publishing Group.

[EvE, 20, ARV (2015). i H 5 /1% # R &4 # L
LR, AL LMK A= R AR A ]

Xin, T., & Xie, M. (2010). Group-level domain score and its



12 ST X & B 2R H 0 MIRT 8945 25 a1 Fn 45 26— B ik 1623

estimation methods. Psychological
Education, 26(4), 416-422.

[EUE, WKL (2010). BEAK TR B HAG Tk £
HLEGHE, 26(4), 416-422.]

Xu, Z. Y., Ding, S. L., & Zhong, J. (2013). The analysis and
application of MIRT in mathematics paper in college
entrance examination. Psychological Exploration, 33(5),
438-443.

[FEE, THER, 88, (2013). SIS 200 H IR
RL B IR SN 0 PR AR, 33(5), 438~ 443.]

Xu, W. N., Wang, P. X., Han, P,, Yan, T. L., & Zhang, S. Y.
(2011). Application of Kappa coefficient to accuracy
assessments of drought forecasting model: A case study of
guanzhong plain. Journal of Natural Disasters, 20(6), 81—
86.

(RS0, EMGH, S, Fo248k, JKRZE. (2011). Kappa &
B+ 5 PO AR RS BE AR Hh ) B —— LR P IR

Development and

47(3), 339-360.

Yao, L. H. (2012). Multidimensional CAT item selection
methods for domain scores and composite scores: Theory
and applications. Psychometrika, 77(3), 495-523.

Yao, L. H. (2016). The BMIRT toolkit. Retrieved August 8,
2016, from
http://www.bmirt.com/media/f5abb5352d553d5{ffft807 cffff
d524.pdf

Yao, L. H., & Boughton, K. A. (2007). A multidimensional
item response modeling approach for improving subscale
proficiency  estimation and classification. Applied
Psychological Measurement, 31(2), 83-105.

Zhan, P. D., Wang, W. C., Wang, L. J., & Li, X. M. (2014).
The multidimensional testlet-effect Rasch model. Acta
Psychologica Snica, 46(8), 1208—1222.

[k, £330, B R, ZRE. (2014). Z4EEA RN
Rasch BERL. ) #2277, 46(8), 1208-1222.]

TR . 4% IR, 20(6), 81-86.]
Yao, L. H. (2010). Reporting valid and reliable overall scores
and domain scores. Journal of Educational Measurement,

Zhang, J. M. (2012). Calibration of response data using MIRT
models with simple and mixed structures. Applied
Psychological Measurement, 36(5), 375-398.

Classification accuracy and consistency indices for complex decision rules
in multidimensional item response theory

WANG Wenyi', SONG Lihong®, DING Shuliang'

(" College of Computer |nformation Engineering; * Elementary Educational College, Jiangxi Normal
University, Nanchang 330022, China)

Abstract

For a criterion-referenced test, classification consistency and accuracy indices are important indicators to
evaluate the reliability and validity of classification results. Some procedures have been proposed to estimate
these indices in the framework of unidimensional item response theory (UIRT) based on either the total sum
scores or the latent trait estimates. Although multidimensional item response theory (MIRT) has enjoyed
tremendous popularity, most research is based on the total sum scores only, and Yao (2016) is a case in point.
The present authors believe that under MIRT, the decision rules on the two indices should consider the both
depending on the different situations. The two reasons are (1) Classifications from the latent trait estimates are
equally or more accurate than from the total sum scores, at least for the logistic model of one-parameter,
two-parameters, and the graded response model in UIRT; (2) It may be difficult to estimate the two indices from
the total sum scores in some content areas when some items may measure more than two domains (complex
structure).

In this study, the Guo-based consistency and accuracy indices have been extended to MIRT for complex
decision rules. Monte Carlo method was employed to estimate Lee-and Guo-based indices for tackling intractable
summations or high-dimensional integrals. A simulation study was conducted under a multidimensional graded
response model (MGRM). In the simulation study, one, two and four factors were manipulated. Three levels of
correlation (p = 0.0, p = 0.50, and p = 0.8) between pairs of dimensions were considered. The examinee sample
size was 1,000 and 3,000 respectively. The ability vectors were generated from the multivariate normal
distributions with an appropriately sized mean vector of 0 and covariance matrix X, where the diagonal elements
of ¥ were all 1 and the off-diagonal elements were given by the corresponding correlations. The test length for
the one factor model was 10 and 20, for the two factor model was 15 and 30, and for the four factor model was
30 and 60. In order to balance information of each domain or dimension, content balancing techniques were
adopted to ensure that the tests fulfill the content or domain requirements. The fully crossed design yielded a
total of 28 conditions, where each was replicated 10 times.
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Simulation results suggested that the Guo-based indices worked well and flexibly because their values
matched closely with the simulated consistency and accuracy rates for three decision rules, and the difference
between the Lee- and Guo-based accuracy indices was much smaller for decision rule based on total score,
which conformed to the theoretical results. The two practical implications of this research are identified. First,
the indices can be used in score interpretations and test construction. Since it is convenient to estimate
consistency and accuracy indices for domain scores and composite scores when the true cut scores are set on the
0 scale, items that measure specific dimension with low indices can be created. Second, they might be useful in
developing item selection algorithm in computerized classification testing for making multidimensional
classification decisions.

Key words multidimensional item response theory; decision rule; classification consistency; classification
accuracy; reliability; validity



