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AT S 4T B 9 FE e 22 1E )
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(AEHTI R 25 v [ A0 B M I BB ) 1058 e, AT 100875)

B OE YU I (Computerized Classification Testing, CCT)H T H &2 3hEe, BRrETOL##%E
fe R S5 4P IR 455 Aoy 2 B i e h A5 802 R . VBN CCT I FZELL AR AT, 2 1k BN e s 0 6 45 1 -
B A5 EL R A 0 S UER SR S M S0 . SR, BT ETFEN 248 CCT (Mulitidimensional CCT, MCCT))
ZOEFIGHA TR . EPXTEA MCCT ZabRUNAASE, R PIFHTE) MCCT 28 - FUN(BI3E T 5 RIS B 2 4k e
BLLISR LA Mahalanobis-SPRT FIREALLH A 248 LARISK LA M-SCGLR), JHJRAHURF 7 AR [F] S 40 5514
N, AR PELER  BE AR ARG K 3 R B A T TR R I . BEREI]: (DFELE FHRMENES e
211, Mahalanobis-SPRT #UIN HA5 44 151 19432k BE A5 RIZO0 AR IR AN B8 B, Q)7E L7l LR 4444 T,
M-SCGLR LA A 50K b KW 8 T 8 A 19 22 2k B LR kR ], i ELELA 4 (4 0 3

KB TRV, ZabRN, 4R E RV IS, DEREEE, AL

23S B84l

1 515

THEML /2SN K (Computerized Classification
Testing, CCT)J&— MRRk 04T A HLIL H 18 B I 56
(Computerized Adaptive Testing, CAT), ‘B HENS =3
Hi Kk 3 30] 43 20 A (B SA bR FR SR bR B 2 A (L
, S R FEBZES . CCT #it5
GIRAESRUUE=s S 3 SN S B VA By 1 1 E2 S s
DN, Tl > AT Y B T Ak (DR o D i 0 3
H, B2 EZ RN AR, 5 1k 00 g6 I P2 A Xt
B BE S HE AT AW A R . BT, XZEihike
B3z T B B8 4% %4 (Huebner & Fina, 2015)
e FE 5 $PH 0] % (Finkelman et al., 2011; Smits &
Finkelman, 2013), H: % {if fle 5 47 3 0] 45 v] DL
XoF 5 o g B 5 P B R L A G Y L S o K
FEE A o 2 A AR/ T AR B 28 591 v IR T LUK 4%
FlOCHEIN EFIEME N CCT M3ERf, (R4 K
Z R 5T 5 E F AR £ AR T AR 2 T H e FE

5 H 352 2020-06-04

& (Item Response Theory, IRT)BIR]ZZK R CCT
% I (Huebner & Fina, 2015; Li et al., 2020; Wang
et al., 2020),

SEREY CCT FI CAT ¥4 4% IRT B8 | % |
VLR | 681 BT LA SRR A%
DA (8 E 45, 2015), (HARFH AL H 1Y
EIEAARIE . CAT /9 H 2 X W RE ) #E4 7 R A
TR, 2016), T CCT 5 Bk x4 i it 28 531
14 o 30K AT 0 3 Py 2% b K] (et B 58 % 32 4 A
155 1k DA R o] 255 0 g 235 2R ) 42 H A W] B 2R
WA LEXS CCT LRI FEAT BB 5E . FETT
TRER KNG =, ©A/ CCT &1k
T =TT LIRS A 2K o ARLER FURIL ) A DL i 7 1
DY RIS Ll AR D) 78 o A L 6 i ok = ST R S AN ) 26
B R ELSERE T o3 AU, R E R L GE T T
HEATIR ARG SR, DI 58 O Bl i 432 o e R B
SRECZE IR RN Wald (1947)52 H (977 5K Lo A
5 (Sequential Probability Ratio Test, SPRT), Bartroff

* E K A SRBE IS F I H (32071092)  H E FE AR 5 W I P R T e AR 20 0T I R AUF 3 4 3 H (2019-01-082-
BZKO01 1 2019-01-082-BZK02)F1 " [ I Ath 20 7 /o 2 Wl 0 [ 037 s A 2 IR A8H(BIZK-2019A2-19003) %% B .
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45 (2008) W Kg ) SLALL R H (Generalized Likelihood
Ratio, GLR)J7 %MW TAEK ) CCT H1, JfXF GLR
A9 B 3-PE R 4T IEBH . Thompson (2011)38 33 B LU
LRI AHEE T SPRT, GLR 77V BEAS 78 4E43 20 25k
JEE ) B At A A R 4 v 0 0 850 (BB 4 R U
K)o BeAh, WFFEE LB Tzl TR E (e
QR 5580 | SR 2D 00E), AEAEAS AT REEOR B — B
YEA H 2 /2 SPRT M. fEXFFN T, ik
254 BEPLYE I (stochastic curtailment)d R FEA 1] fig
PE KRR . H I, Finkelman (2003, 2010)7E
SPRT M5Lah 45 A BEMLAR WEE AR, TT % H L6
V8 A9 SPRT (Stochastically Curtailed SPRT, SCSPRT)
DL K A i i 7189 SPRT (SPRT with Predictive
Power, PPSPRT), Huebner #1 Fina (2015)]4 41
IR AR 5 GLR JriktHgs &, #213ET GLR Mk
WL4E Y8 5 122 (Stochastically Curtailed GLR, SCGLR),
BT 5T A 285 SRR« A 1 B ML 40 0 1Y) 7 2 RE A5 4
155 0 56: %% 2% (Finkelman, 2008; Huebner & Fina, 2015;
Wang et al., 2020), 75— [, DU SRR 00 A% B A JR
5% ) 3 20 7 AR B I RE T 1 R 3 o A, -
s S 56 43 A T H A pRER A, DT 58 )% 4 1Y)
4325, Lewis Fil Shehan (1990)3 55| A S5 ok
G PREL, 4R 3 T DL 30 e O B e A 2K 1
W FETFR, A SUNAEAR B =/ M BT ¢
T TFRLSR LRI 0 28 1 E R0

(EAFTE R A, b iR 2 ok 000 0 4 7 A B
IRT (Unidimensional IRT, UIRT)RJFERY [+, BRI
W56 2 SR B — e B BE T o R A O B sl L
B0 R S e b, 056 A 1 [R5 2k e 2
BE R TERE BT, XS bR Ay AR MR A
(FFHAL, ¥, 2010), RfFEDUX—n) 8, 5T 24
IRT (Multidimensional IRT, MIRT)¥) & £ 4k CCT
(Multidimensional CCT, MCCT)gt .45+ 43+ E ¥
4, KT MCCT s b, JA DR 3K 5
FE O BL SR EL B D) DA BRI BT HE T & £ Yk B
(Nydick, 2013), 7 MCCT H, {RLR Eb BRI ) BEAS JE
5 g B I — 2, (HRRE I S EUN 2 4 3L
A 8] B BE 1 43 S R iR AR R aE o Bt & (T4
158 BE T o3 Pl (= 4E S DL BB R ) I,
Nydick (2013)42 3 FLSR pR 502 5114 J7 40 £ 24
W% SPRT (Constrained SPRT, C-SPRT) . i {25 |A]
B M B ) SPRT (Projected SPRT,
P-SPRT) LA I AE I el b TF & REAL 4GV 1Y 2 4E SPRT
(Multidimensional SCSPRT, M-SCSPRT)., tt4h, Nydick

013 H e £ 4 GLR 7 ¥ (Multidimensional
GLR, M-GLR)5| A MCCT,

Zx I, FT MIRT #9% MCCT £ (- # N RE 6% T
D 3 07 B S  56 F)  E  ARSCAE RS 5 A
MCCT Z 1E R i i |, 4t PFR OB 9 MCCT ¢
IERRI) . 55— P2 T B QR 2 1 2 48 7 DTSR [
2 E N (Mahalanobis-SPRT), ELAA 8B 28 T K
FHESRIA P-SPRT Jrik; &% "Mt 2 4EREHLAE D8 Y
GLR ¥t | (Multidimensional SCGLR, M-SCGLR),
AILAGEAE R SCGLR 7E 2 4EIGHE T e, MFhHT
ZEEFLNAHRS T A B AR B, R 2 AT 5
TEZ Fh S50 260 T #EAT A T .

A SCH T BB b G AT 5 2
T S AT B AR AR SO T Y MIRT B8 LUK pufh 2
7 H) MCCT £ L0 (Bf C-SPRT, P-SPRT . M-GLR
LA M-SCSPRT), SRJG FRAN WA ) MCCT
ZZ 1 H(BP Mahalanobis-SPRT #I M-SCGLR), %
3T ZBHURTTE BT, IFAESS 4 7 R4S
58518 Bn— T HE I AR T T5 14 .
2 Jrik
2.1 MIRT %!

A SCAR BT A7 #8 H S h 2 4 = 2 5028 i
Y (Multidimensional Three-Parameter Logistic
Model, M3PLYEKL, TEIZBIRIT, GEJIMEN 0,
B IERAEE gt E R R
(Reckase & Mckinley, 1982),

P;(6;) = Prob(Y; =16,.a;.,d;,c;) =
1- ¢
¢+ 7 , (1)
1+exp[—(a;0; +d;)]

Horp, v RHUEN 0 30 1 RS FIREPLAL &,
E 2N A 4 S o 1 R 8 o (B < VA
(0,1,0,,+,0,)" FRBEX i (¥ p YEREIT I, T 3RoR
L a; :(ajl,ajz,-n,ajp)T HH j B p 4EIX 53

p
SR, A aT0, =Y a0, ; bR d, 5
k=1

JEAH SR S8, bt o, W H A9 DA %5 I =

o NI BRI SR & AT RS, Ackerman

(1994) 5& L MDISC,, = (% +a’, ++-++a’,)" 1y 18

H j ) Z4E1X 53 & (multidimensional discrimination),
d.

J o B F Y 42 Y W

MDISC, YE 8 H j i 2 4 e

(multidimensional difficulty).

& S MDIFF; =
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g, s X A H AR OB Y = (Y,
Yiz""BYij') E‘J{u?ﬁ@%&ﬂ‘j:

J
L@, 1Y) = rr@n"e,o0 ", @
j=1
Hrp, 0,0)=1-P0,) . Fmpliti HRIEE
BH j RS,
22 BER MCCT Z&1E#n
2.2.1 {USALLEAES C-SPRT.P-SPRT K M-GLR
0
HETRZE LT MCCT L (- HIHR T
HdE CCT MLk RINNAHE . — A B4k FF B USR
Eb R U] 14 ) 8T DA L5 R DU A A B« (1) s B A
B ()88 A A E LRI A BE T IUME 6, 5 (3)TE 6, b4
E—A> 5 4ABIR, B (6, 5,6, +06)=(6,,6,) . SfE SIE
VEAEZIX A, AR AR 15 B B iR T 43
Z5, Pz X A gl B Sk e 22 50 IX 18] 1 24 RE e
KF 0, N KPR F b bm 20, MaE 1 E/D
F 0, FHA PR TR IBbR BS54 EEDIR
g it E 4k, e 2 bR M CCT #E
J7F] MCCT W}, 75 %5 SCRE 743 7 il 28 sl il i A
REREAS R 20 B X A3 TP . Ut BRYEIS SR T
(4 BE 7 43 - 553 0, W78 Sk 22 4k 23 ) v (14 BE 7 43 A il
LM g@0)=0, Hrb g(0) oy Fei%, HARTT
O3 RAMEETE ) 43 B R (b, g(0) =6, + 6, )4k

, 6,40, =0
(2L iy b~ _J7P 2 S
AMER AT TRk N, g(0) {92’%91>0)o Jlidin)

() — A BIF 5 0] R0 2 T A o S it 2 s oty T 5 1k oy
BLERE I T (A AR 6, « AN, BMETRAR 9, £
A 23 [ o 6, TEAN R J7 o] B ] DI AR 24 6
B3R, DAt anfar ve$E 9, 1 6, & 53 — A~ TF BRI
[a]#, C-SPRT. P-SPRT L& M-GLR 435I A =4
AN TR 1 £ B SR AL e T 5%
ST, ALK LRI T AL 3 R A 5,
H,:0€0,
H :0€0,’ 3)
Hrh, 0, FnE T ibbnJ 0 i gl i fig
23], O, T & T AR BAR I aE ) 2
B, T, SRR Hy il | Terkisbrrds
A, Bz PR H IR R ol T b bn 2601
(1) C-SPRT
LT MY 1 _F RS, C-SPRT Ay FEAS [T 1% 2
i FH 24 S 78 43 S th Ze s ith 1o 1 A 68 O A TH(ERAR
e 157 0 6,, IFIFE AN B 0, F1 6, (43 31 %) i

0, L5 0, A LM BRI, 7EpL
iVEZ5E B H )5, C-SPRT J7 i 1 Je ¥4 743 Fiith
ek a il b S B A AE S B R T 6, 15k fE
15y F 5 Gy Ak, H

0, = arg max[logL(0Y;)], 4)
0c0,

H, 0,=1{0:g(0) =0} £xRfEI5 ALkl
i . bR @, L Ali1T log L(0] Y, ) B R AH
(30K 0, . C-SPRT JiiESRJGTE Oy Ak g(0) =0 14
iy ) A 5 4RI, 18 05 STy 1) 1Y R [
Vel gy T, %
Vg (@) Il
NI, |||, R ERL RS E %L, T R
IRZS R N BB S o T2 ] 75 21 o 22 31 IX [a] i 1R FR
S

%, E S =

0,=0,+505, (5)

0,=0,-505. (6)

G Wald (1947)32 H ORISR HOAS 5544 3 (DL SR
bt i, 155

C,» =log[LR(0,,0,|Y,)] = 1og{wl NG

! Y L(0,Y;)
W — M RHEIRES B N e M B, &
A=A@.p) . B=B@a,p). C =log4) . C, =log(B)

C+C YN NN
HCy=—t—%, fEZEMB TR T, @5 )

A(a, B) = 1L M B(a, B) = % (Finkelman, 2003),

—-a
TER ARS8 jOE A IS, TGy, JFRET ISR
FU RS 30 KLU 25 H0 T F B A

Cy <G, ®)

D5 DA, DS EE S S, JF Rk als T
“Kikbro, &

Cy =C,, 9)

D R G, DS EE S S, ORI el T
“IRART; AR, B

C1<Cl.j'<Cu, (10)

Mk 22 259 E A T — 1B,

Wald-Wolfowitz & BRF I . FEJN G0 AT DL RRakit
TEZEWE FIRZ N EN T, SPRT ZHA
[i) 485 G 585 1 ) Az 55 v T 5 ORI A 50 e 2 1) A s A
¥, BT SR 568 (Wald & Wolfowitz, 1948), {H
FETEMAER TS, BTSN . IR EFHER
s, AT BRI — VR 20 A
(8)d(9), WILIERLE CCT h, — o it 3 e i
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BRI B A J LA R ER B B, TR, BT
HIERIAE R MCCT 28 1k R0 Bt 7H i —
BRI SR R 25 R A o R UL, A IR B R ORI
J IS ATIARAE A, AR B s v D) Xk e Ay i
Hil oy #7 Cy < Gy, W IRIE, MR T,
I g E T RsAR™; & Cy > Gy, WS IR

{EIEMEL K = j,D=n

5, MK J, HAWELRE T b5 G2z
PHE U] Ay e R 364 52T ARLAA S 58 P 14 B o )

IC B Fe 28 58 I 56 1) S PR AR R H BOh K
SYRFIWTEE R K D (D =m FRGaRE T ikbr”,
D = n FRPAAE TRIBARY), HmARMB KR J,
WL A~ C-SPRT HYH KL n] RIS 4R,

) <J,Cp < OB = J,Cyp < Gy}

fEIENEL,K = j,D=m #{'<J,Cyp = CH{j'=J,Cp > Cp} . (11)
ARELIN 5 750

(2) P-SPRT

P-SPRT 5 C-SPRT MfE— X BIFE T B RHA
(7] 77 oK 3 S it £ ot T 48 DA T T AR A
(53 5o o ELAR MBI, P-SPRT M3 F 4w fE2 45 2
B R BE ) A THERGE 2 g(0) = 0 T Z0 i i 3 57 1,
IR BOE AN . TEROES 5 B E R,
X HRE AT HEEAT SO B RIR T

0, = argmin || 6, - 0|}, , (12)
00,

v, 6, % mpak i e A T,
RFEMICE NI, FILAR(12)F 3K 0, I
5 0, BB RO Y A0 0 0y, Wt 6, B E 0,
b, HAG BRI G0N 0, . Wi 6,5, P-SPRT
WARIER(S) . (OFHFIG, . 6, K Cy o

(3) M-GLR

M-GLR J5 ik AR & B0 OR L GE i 0 S % 1 5
P-SPRT #il C-SPRT #{AN[A] . GLR Zitit Gy S BIIR
bR ECLEAS [ 2 B B (R ib AR 5 <R B bR ) I BE )
23 [l o R (E Z L X8, AR TR 5 20 W
T SE 0, F10,, IS 1] b G2 4 188 T
TORE S S Al ek o R R 5K o M-GLR
GeitsE SCh

sup [L(6)]Y;)]
6,€0,,

sup [L(0,]Y;)]
0,0,

C, =log

i (13)

H, 6, €0, %m0, Jt ikt ik W ae 1125
H @, FHAE—(H, 0,c®,FmR 0, KL HHL
[HRE ) 25 0] @, AR —1E . A x(13) Y 533443 B
SRy AE <R bR B B 7 25 (8] ALK BRI S R fE,
T 43 B3 43 B0V Ry A < A 38 A 4 3k 1 68 7 23 ) o X
IR PRBU B KAl . T AR B, 5 84k (%) GLR J7
FEAHEE, M-GLR HUEHf Cj R (B 4 & 2k
(R RE 71 DX ] A5 g Z2 2 Rl 0 2 [B) v iy X, L
WA, TRV ZE, R4 C-SPRT. P-SPRT

5 M-GLR 7EM g it i B AR X LR 7,
ERSPTE S /N WRI D INAIUR r i T THER &3
AL T B (AR e T EAT I R, TS 21 G
(P BISR b geHE s RISK e Se i) S, P-SPRT
1 M-GLR By HIWiENB A E S 5 ¢, . ¢, 8 C, #F
AT H AR 2 55 25 5, R4 IR =R (1) BT LI AR
DU A 0 25 0
2.2.2 PFEHSERS M-SCSPRT M
WHTETIR, PR J 5| AY Wald-
Wolfowitz & 3 HTHBE AHAE, PRHAE [ 45 45 14
T, SPRT AR EA e KRG 5 77 o X ARSI K
TG RE 10 H SO S6 i e) A H iR T
P, FEZESRE SPRT 4328 HERA 314 SE Al I 45 45 00 56
KEA BT MCCT M. BEALAH K (Finkelman,
2008; Huebner & Fina, 2015)1F J& fif ok 1% 0] 256 1) —
Pl . RIVAN SR T ok B VR 288 B i 7 8 R A%
ST AR R TP O A TN a2 1L [O 7N 1 i N kA
TR 56 Y
M-SCSPRT LI — Rkt EALAA DR 5 C-SPRT
LA I Z AR L2 N, ETESEB A AKX
(D)2 CHN R AE ] A L RE B X AT B4k 224
R i PRUHET T H B o HAAHb U, M-SCSPRT ##%
MERGDEFEXDITELARTHRUR LS T+
Cyr JEIF B2 Z T R B0 K T B, 3o
A3 2T 5 S R — BN RER
P(D, =D;|Cy), (14)
Horb D FR WO ME2 52 3 8 H I, X Bl
5328, D, RompialiEE 5¢ J 388 H i, Xk
TR A3 2 o T3 00 40 o D) 55 e R 0 K
T ARUEA B B0 1 DR o 0 — 3%, R
{Dj, =n, #Cy<C,

Dy =m, #=Cy>C

(1), 78 2.2.1 5Tk i) =FhBIR FAS 56
i, % j'<J HC <Cy<C,, MEHARLEHETT, 0

15)
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J&, M-SCSPRT JiLTE j' < J W, AR AD#HITT WA, WAIE j =J AR,
fFIEW%,K = j\D=n #{Cy < CYBIC, <Cp < Co, P(D, =n|C;) =1-¢
EIEME,K = j,D=m #{Cy = C,}B{C, >C;y >Cy,P(D, =m|Cy) = 1-¢, (16)

Ak S8 55

Hrh, 656 FELBRENIRIE. DI
PR R : 2 q 5 ¢, #BHL 0.05 B, BETZER /)
W55 53 2 BE A T2 T KR 4 Ja 0 554K i (Finkelman,
2008, 2010),

2.3 FFHFE MCCT £&1E %1
2.3.1 Mahalanobis-SPRT

WA (12)F7R, P-SPRT H U JF Mk FG 2 5 %t
PR RE S AT HESEA T2 R o (HJ2, 78 CCT it
1 B o B, X i BB 7 B8 A T A A N 8 o
P-SPRT AWMl [l — Uk A+ i Ak J1 45 5 0, dE AT #
RES2 Ml O, N UEFASE, MINTRE A 43 25 45 B (16 5 415
BR XA ma nl GE s R ). P AE 2 i g B
rh, e TG IR B X i R ) (B A TR i R A
FRFRIME o

ARSCHRET RIS EAR, 32 T S [CHE B
) Mahalanobis-SPRT FLII, LAveflk P-SPRT #Y ik
AR Mg, SR8 R OEE A THE A
HER, (HR AR Z A Re A HE S &Rk, BinT
PLR S 22 B EL SRR (P AL A R . HL A4,
Vi, W55 B A BE D1 Al T B AE FLE L T )
(1, TR — o s TR T EAE, BT AT
i HE R AE, R B, K 1 FoRE
AT — D Z4E i 5 FE b, e AT RE AR
ol B R AR AR R g AL . Horh, AR =54
W SRR Z B RE T B, 2L AR EDE R AR X
BB I A THE, 20 EIR SRR Bl R AT

1_

0t YEE R
' 25
gt 20
< I 15
2 10
5
3t
4t . . . . .
-4 -3 -2 -1 0 1
6,
BT RSB T R4 Bl 0 BE I Ak T BEAE 2 R
AL

el

BT HORMEE R H 2 . K 1 ATLUE 2.
FER VR 0 B 8 e, ok i Be T4 T HE
HEMEMZERK, (B5HFER, FERDYERE F, e
TG R RIS Bl R deshiy . Pk, e
301, 22N HE AT A 2 (R B % X i ) L
(AT H BT B i o

i b, At &t m b ey i, #leg
132N Z A e Al HE Y 34/ 5 QIR 25 5t 1Y)
S5 A 6, (3% 1 TF & Mahalanobis-SPRT 77 ¥ (i)
Ht P-SPRT A 42 £ Fil 43 5 fh 2k s th T _- %) 6, 119 Ik
RIS RO SEES, T2, O LE X
Mahalanobis-SPRT #iL0| T A% 43 5t i, éo , B

0, = argmin || 6, =0 ||, - (17)
0€0,

Hof, |l REDEHE 8, Rk AR
S¢ R H R A I A B A I g
FRFRHHERAE ) U T | At £ R
SEH j 3 FLS A E 1 p 4E R 1A N 6, =

J' J'
(6 9;]23391]p) s ﬁlg/é\ 0[/' :[29’]1/],’29’/2/]”’
j=1 j=1

ij1>

.,
Z@MJﬁMhW%%ﬁfﬁﬁﬁﬁﬁﬁ%mﬁ
j=1

GHEEIL N X, , B2 MR B T EC I S 0 X H

X, TT(H 2, = 0, 4

0, =argmin || 0, - 01|, =
0c0,

arg min \/(H—éj,)f.;i,l (0—@7,)T. (18)
0cO, )

SE XL 050 0 5 0y 12217 B i) 9 A 1) i

i
0.6
0, =0 "0 (19)
19, — 6,1

HE éo 5 0, J5, Mahalanobis-SPRT #% it 45 5
() (OFI(EFN G, . 6, LI Cpp, HRIFHIRAI(1)
ST A 14 0 T D0 et B T A 7 4 2

THEEHNE, AXA7)PAE ML P-SPRT
i LA (12) A A : % —, Mahalanobis-SPRT

<2 A4 2 1 2 AR Al THE M (0, )R
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P-SPRT [y 5~RE Sl i1HE; 25—, Mahalanobis-
SPRT i A G M 5 1 O B B 1% B it 7 =X, i3k
P-SPRT H i MR HE B . 2.2, Mahalanobis-SPRT #t
FUE B BE 0 1 — RGP BAR A, IR 5
fy £ 55 T B M0 R 3T ) S AR 6, MR T
P-SPRT fifi i f—fe S b i E S AT 45 5, A0 0] 2
N BEAE AR A B MR A 455 .
2.3.2 M-SCGLR # 1

Huebner 1 Fina (2015)#2 H 1 SCGLR # DK

BEMLAE IR0 7S GLR A4S, TELRFRINE: 732
K5 EE AT 4 T REUE 4R g0 B . [ tk, A SCHE
SCGLR JiiE#E" & MCCT 1§55, HH 3 L2480
SCGLR #NGEE M M-SCGLR), M-SCGLR H#HT
I M-GLR 1y XM GLR GitH, &R (13)
FoR

fH2, FEX 9347 40 2 W i, M-SCGLR
K 2 B ML W 2, BT AR ADTE ' <J B
IHOL AT AT PH A

M, K = j,D=n #{Cp < C}BUC, <Cyp < Cp,P(D,; =n|Cy) =1-¢

IS, K = j,D=m F{C; = CEH{C, >Cy >Cy,P(D; =m|Cy) =1-¢, (20)

Yk 220 55 43 0]
TEA Q0 H, 58 A1 4 Fh 1R (EP C-SPRT . P-SPRT .M-GLR
P(D; =n|Cy)=1-P(D; =m|Cy) » LA M-SCSPRT)HEAT HLAL, FFIFA & AT 7E DU 45 45
Co—Ey(CyIC;) JEE I 56 5 % P T B 9 B DA 4 S 4% Bl ik ARG
‘D[WJ G B LU RGE NS (R L3k 6 FIZ RIS T

Hor,
sup [L(6,]7;)]

J
6,€0,,
Ey(CylCy)=Cy+ > By log=

— 1, (22)
S e [L(6,]Y;)]
J sup [L(6,]Y;)]
Var, (Cy|Cy) = D Vary| log 0,<0, (23)

sup [L(6,]Y;)] |

0,<0,

Hrh, o¢) InUEES A A kg, A
(21). Q2)F23)HARHE R R, SRS A 1325 7]
Z: LI 2 i Bt 5% 1

T SR IS, YRE SRR IA S '+ 1
N J B H W EUS, EARI IR NE, (HAE
3 Y SR ISR R, eI BT R ok
AU o e, it adEa(22)5(23), ATRMEH]—4
i i H R TR SEBREA B E . T
m, SR D EeA i R g i (BRI K AL Fisher {5
BT AR, AT LR T 2S5 A9 BE S A e
T B A E ) Fisher {5 BAEMEATTII, R5
VEPE ORI J - B AR AR E . g
THIE T BT R S AUE B i), 755 S
INEE TR 6 Fl 6, 91 (Finkelman, 2008).

3 SLEG

AR R 3.4.2 H IR IT A5
WoE, EAEWAPR AN ()RR N 2 Ff
MCCT 2 1|- #L)U|(El Mahalanobis-SPRT #1 M-SCGLR)

j=i+

HA R RE S17KF BB i o 2 B, DA 5E 45 Fh
TR 11 ) o R BUR R A E W i 22 7
R RN E PR S5 H | fig 0 2 B TR0 AH G K fig
S XE MCCT S5 SEr= 5, ARuF5eik
B2 PSSR . 3 FPRE T 4 BE [R] B A K 2
Tl Fh £k, %t 6 Ff MCCT 2% 11 HLU] 2 TP BT 5T,
o BISR ] 2x3x2x6 L5 BT (Gl 2k 72 Fh s 5%
£, 12 B MCCT Ml 545 455 SE BT 7 H Y — o 3 4h,
ARG A 53 1) 3 WU 30 st B e ) A3 R 261 36
T4 52 BE 7 U 0 K B 2 3 S fh 4 DA S BE 9

Hi—
31 BESWHIRERK

MIRT YA il i 2% SR PRI A A R 45 ), BTt
H P £ 4 (within-item multidimensionality) 175 [ [&]
Z Y (between-item multidimensionality), H:H, Al
H P 2 2 2 45 0 b (% B0 A H 0 i — Al 2
ANHERE, TR ] 22 45 ) & 48 U i B 8 H A
HAL - — 4 J¥ (Hartig & Hohler, 2008; Wang &
Chen, 2004), Hi T/ 22 25 44 23 XF 9 RE g 1) &2 1) 4k
RS B8 77 42 820 (Chen & Wang, 2016), PRI AS SCH%
HEA (DT E LAY MIRT #8A4: i B~ MCCT 3
JE . R 1 CRE N 2445, R 2 R
H I 24250, B8RS 900 EEEH .,
JE 1 AR R E I PSR RE(ED p=2), HsbET
IO B H SRR N y = (a),ay,d,¢)" o BIPE
2 2P G S N YERE, O 2 A
S TN ERE o A ARTALLG B AT b 3 B
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Y,
=

U, AW Nydick 2013)MBIEBHUA NS

(D) ay M ayZ8 o WIEA 1,y =0.5 . brifE2E
N Glog = 0.1 B XS BOIE 2570 A1 v BE ALl B 73 i 2
B MDISC (Wi +a3 )o THEAEEUE 1 H, ALY
54345 U0, MDISC?) Wit o , W) a? = MDISC* -
af ; MPEREE 2 v, BEE XN o SRS T
MDISC Hinf

(2) d MeZ% ., MU(3.53.5) FEEVLHTECS
MEBEMISC S5 D o ik, 7ERUE 1, 52ZH5%
S8 d=-b-al, HP1EITTRLH 11 2 45 W
Wy EAUE 2 R, d R b FIRE R ZERE Y o U TR
FURAE ., A, FESE e 0.2,

B —J5 1, AL 3000 4 RS 5K,
KA fE T 1 0 = (6,,6,)" BEHLAE [ ¥ {E oy

;me\mﬁﬁﬁ%wE=C ﬂ%:%m@ﬁ

fi MVN (X)), H p=0 0.5 F1 0.8, 4351%H5 g
T2 BE RIS ARG v A AE G A R BE AR OG 3 KT
(Chen et al., 2017), BAk, ASCHEALL 36 42 1 BE
Jym i (6,6, H TS|t B =, Hf
6,0, € {~0.5,-0.3,-0.1,0.1,0.3,0.5} (6 > s, 1 i 1~ 4k
JE EE e B 36 A~ a5), FEARES A B AR
500 £ PS5,

XPREA A BRI A TR R GE T, 15 B4R
e 1 R,
3.2 MCCT HRINFR FF it

MBI AL Tk | U DL R 26 1k RO 4 =
AT MCCT ML R A T4 A

(OHRE Mk

A5 2R 249 A A KA SR A 1112 (Maximum
Likelihood Estimation, MLE)t #5109 fig 11 1) &
0, 1040, SEUKAHE I BRE 1 [-4,4]x[4,4]
[ IE TG IR, A0,

0= argmax {log[L(0)Y)]}.
Oc[—4,4]x[-4.4]

ARG R 3.4.2 9 donlp2 pRi%k
T

(2) 1L AR s

AR LAFEAITFE (Nydick, 2013; Segall, 1996), ffi
2 #i) D 4 (D-optimality) SR BE S HUS H . D fix
SR Wi e P R AE Fisher {5 BAE M 19175 X8 H,
BN TR B /MU AR R S 8O 7 22 56 (047 5
(0 B EEIHERABORE H o 3 (1D)0E LY
MIRT #1, fE—RH j 14 Fisher {5 BN,

2
,ﬂﬂ):_E{a bgU(ﬂYﬂ}:

(24)

0000"
[1-p;@p;@)-c;T
2 a;a;.

pPj on _Cj]
TEAIE —4EfE R T, L3k Fisher {5 BJHE 2
— A 2x2 WSERE . TEEREE JIEBEK, T o
Fisher {5 BAEM <O AEZ R j-1 18 H M5 B4
B 55 < fige 1k 1 5 1B RO AY A5 BB BE 0 22 R0 (s B
Jj-1

zﬂwngwnom%,ﬁﬁ%ﬁﬁﬁEMEﬁ%

k=1

BRIYIRBUA,

(25)

-1

GVar(9) = , (26)

j-1
D 1(0)+1,(0)
k=1

i D S AR R e 5 10 55/ 3 R 2 T 4y
JFE A X (26) ik B /NGB H

AN, FR A I A ST ) LA RS xR BE 1 Y
WERA 3118 (Chang & Ying, 1996), XL ik FIHS ik
B E R . B, A5 T AR Y T 4 38 U8
A F AL B A

(3)Z IR 5 43 A fh 2%

AWFFE KA C-SPRT., P-SPRT. M-GLR,

xR1 MR 1HESHMHEIREITE

il B 18 H £ 4E) BUE 208 H W) 24) w1 (p=0) ik (p=0.5) ik (p=0.8)
a, a d c a, a, d c 0, 0, 0, 0, 0, 0,
SE BB 1.103 1.098 0.086 0200 0.830 0.833 0.131 0200 -0.010 0.021 0.022 0.006 —0.016 —0.025
PR 0.428 0414 4348 0.000 0.839 0.842 3336 0.000 0998 0.996 1.011 0991 0.999 1.000
f/ME 0.038  0.040 —9.327 0200 0.000 0.000 —6.281 0200 -3.331 -3.125 —3.614 —3.196 —4.016 —3.267
RAE 2285 2.065 8873 0200 2.196 2329 7220 0200 3252 3.332 4269 3.071 3264 3.712
MHXREIERF 1 -0.782 -0.011 — 1 -0.981 -0.001 — 1 -0.002 1 0.486 1 0.803

0.782 1 0.009 — 0981 1 0.004 —  -0.002 1 0.486 1 0.803 1
-0.011  0.009 1 —  -0.001 0.004 1 — — — — — — —

T 3R PRI SERESE H A — A ) 4 S 8 iR Se i,

IXIE R NBIESE FA 25T 36 Fii s BE I BRI Bt
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M-SCSPRT. Mahalanobis-SPRT, M-SCGLR % 6
APRLI & F 56 $2 BR Thompson (2010)A ¢ &, X
H4a=p=01H¢g=6=0.025, NHELEARRFLR
FR 0 S 2 X 45 R A R0, ASBIFFE e B PR o Sl
2 AMEPE S St e AR AME Y o3 it 2 b, #b
P A SR 2 2 A8 S ) 20 B ] 1Y) fi 7 2 o 2k Pk
HEWM T RGBT, WIPOX7E L 4ERE R
FIRIAS AT DL pR A E A AR FE T 0 s e R
A0, YA [ 4 B2 18] 1Y B8 ) JC 25 A0 BN I,
R AR AMEEPE S B 2R . 275 Nydick (2013) 9%,
AT BB AMEPE 73 A 4 ¢ (0)=6,+6, =0,
LRV 95 5 2% g(6’)={01 =08 =0 g
6,=0,6,>0

IR AR Z& AR R — SR BR A AL B )

3.3 EMIsER

PPN 56K i (Average Test Length, ATL) .,
1Ef 453253 (Percent of Correct Classification, PCC)
Ph S A 2K pRAT (loss) P B A 2¢ - HLI]

ATL 2 5000 56 175 556 71 B A7 1k ) e 24 D0 465
KRR IME, fE—E B LB ReE . PCC
JE LA 3 28 A Ak o D 1 5 R A B Y
Fefl, S W 553 25 K5 B o Finkelman (2010)%&E XY
loss J2 X i I 56 14 00 4645 J32 0 R4 R 10 2555 VAR
R,

loss=Rx1y, +K, 27

Horb, 1y, FROREE R 20 75 1 R R Bk
PRI IBUE R 1, HEARANIBIES 0); R
FORFE R IR, — O AEfE, HUE
R R R 1R 7328 B ARSI, BIVRIHRS B2 Y 2
SKOBR R (FE 1536 75 i BIF 5 R 4 00 46 %o 4t 15 4 28
IPCERR LR E); K FIHTSC—4, Ron gl i
52 BN 56 I SEBR VRS A H £, ZERE Ui g, 4
SRR RS, loss MIMECHAETTIE R Sk Il
KR BE Z N, A, loss ARSI S5 T2 U I 56 1)
K. WSR2 WM S EE R, IFHXQHECE
¥y, R4 224k,

loss = Rx(1-PCC)+ ATL, (28)

ik, PR R4S PCC R ATL 45
G e bR, HARHLUL, R WS, XFREANZE
BT, HPCCBAR H ATL &/, D574 45 2k
BN, RoRIZITERIBGE; M, PCC /b,
ATL BOR, SFREUR UK, Rm 1% 75 14 R B
2 o MR RDN, wn] LAFE S 52 B ) 46 v
2R B

4

4.1 HBRHPMHSEBEESHE

B2 ST 6 Fh 2 1k HLNAE A Fh MCCT I 4615
BRI ATL K PCC 4%

TERL 2 v, AR R A5 2R FHBE AL W He AR AT DL
6 FRRLIN 2 W2, ZETAT Y 12 AR B I B b, R
K FHBENL4E 98 H% A iy C-SPRT . P-SPRT, M-GLR L4
FOFHE B % Mahalanobis-SPRT ¥ 19 PCC ¥4 &,
MR FHBEAL AR V3 AR 9 M-SCSPRT LA K i H %)
M-SCGLR ] PCC AHXFHAR(H W HAE 80% LA 1)
SRR, SR FHBEALAR D8 AR [ 2 BRI g ATL B
WK T AR A BEYLAR DAY 4 FhRL] . st R, Bl
BLAR I T 0 48 T BE 2k — 8 I 40 RS, (ALE
A K 0 B b 4 e B2 A T 0

HEARMICEE PR IR R, XA
SCHE Y A Mahalanobis-SPRT, 78 #ME 14y Fih £ ind
T, HER ARG PCC: 7E4 H 24k
B, %A PCC AU SR TR M Ec 47 1 P-SPRT
Jrik, WiTEREH W Z4Ent, ZEA 6 Bkt
= PCC; MTEARAMEEE A AR ISR T, &
SRAZIT IR PCC AL At A 8 FH ML 45 D 1) 1%,
{AJE ATL A3 AR REAR, i H o] LA 2R
Bl FiE 0 24 5 (R AH G 8 o 8 A T8 Kk o X AR S
Y 5 — PR (B M-SCGLR), 7EJLT- A I
WIES T, AT AR B HLAR 8 M-SCSPRT,
B PCC AECREER, i ATL 8 IMMEIFAZ,
A AR R B B N 2 4E BT,
M-SCGLR ) PCC £ 2 A% 323 A R FH BEML 48 1l 2
AR ) 7K

2 SR8 ) 2 P ] 118 A 5 7K 7 X 4% 28 1k B iy
SR, T DLUR IR B 8 T 4R BE (R A O R B p 13
i, 6 R R Y ATL A3 00 B %, 1 PCC
A ISR #E, DL Mahalanobis-SPRT B 45, [l
A op BRI, HARRAS p (H T A PUFR 51 5
f°F-44 PCC H 0.916 Z ¥4 i3 0.925 F10.942, 1fij
SEH4 ATL W HY 57.037 T R3] 54.437 11 52.384, %
Z 7 B X £ 2 b RN g i, T DUE L. AH
TAAMERY A PR £k, 6 Rk B 7E JL-F- T f Y
WM AR IS BE A ATL 3 BT R R, i
PCC NI Bt 5 o 75 SR 45 Fa Xk 25 2 1R LI Y 5%
WA, LA R Aok . hIE 2 AL B HAR
2R 2 X 45 2 b FL Y e B = A 52 AR . st
Uk, TEAMEME S FHIMAERET, M TEHEZ
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1.00 |
10
0.95 - K
® ¢ + k) &
+ E R
0.90 - + R =
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1.00 |
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0.85 ¥ X E=
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0.90 - n K
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7 % =]
0.85 | x * i
*
080 C 1 1 1 1 1 1 1 1 1
20 40 60 20 40 60 20 40 60
ATL
A ILHN @ C-SPRT P-SPRT M Mahalanobis-SPRT + M-GLR M-SCGLR % M-SCSPRT

Bl 2 6 i 1k RLOUIAE 25 il 46 195 158 T A 205 SR X EL I

Hery Sk, 6 PR RUNIAE S H N 2 4E %1 T i
ATL 4 fir R, i PCC X945 B TH i o e AR A2
YRR, 6 RN B 24t 5 s H
) 22 4 1) 25 S 0 A e — R .

&l 3 B2 6 A2 1k M FE 25 B MCCT il 55
T AR R 4k o B A AR AR AR R R
SRIIETT R (FEILAZ28), HMIX[H] [0,3000] #
KT HUE, 53] 3001 A ABFRIETERS A

RAEF 6 Rl i) -S54 2 i b i A
MR- e X, B R AR,

PR TR ) SRR B AN T, 4 R AAEZ/NT 500

A, ATL #/NE#ELN (B M-GLR, M-SCGLR A

DRAEAS(28), B R EKR, TRBUR A AW v i
JRIR 6 T 1 MU BRSP4 (L AR NS S R B R 1A AR A5, otk
AL BEBUEA A R AERAL 6 FhZ L SUNFRAEAL J5 9P 205k o B
AL, BATFOCHEE AT 6 AL A HINS /NG E
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p=0 p=0.5 p=0.8
2+
1t X
0r R E
#H m
I m
-1F ~
2 1 I e
1r //‘ /\{/ ,/'/’ ?iﬁf
/ ! j &
j / 2R
ok j j | D
/ / ;NS ﬁ m
K / K‘; i / Te——— | = EQ
B < = ; T || A i3
ﬂ =1r 7 \ - e Y - ’ - ™
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{{i? -
5o
L}é ST ’/'— T L - ST T e

A SR i 2
BENZYE

FEAMEEA A 2
EEIEE A

0 1000 2000 3000 0 1000

£ BN — C-SPRT

P-SPRT - - Mahalanobis-SPRT --- M-GLR

2000 3000 0 1000 2000 3000

M-SCGLR ---- M-SCSPRT

B3 6 P ik BN AE A5 i 06 75 158 T s A 1 24940 O A2 AL ]

M-SCSPRT) V-4 K 8/0N; 24 R H KR T2 1000 i,
ST SA A SR o 0 5 53 G B SRR, A A R R Y
HLIU(BP C-SPRT., P-SPRT £ Mahalanobis-SPRT)f-
BN,

X FH#E H BY Mahalanobis-SPRT, 7E#M1E4
FMLR A TEE T, %I B R 2R
(RP R BRI, BA AR P B4 2k G 5
TEAMEVE S S Ze i 260 N A TS Y PCC Xt
NEAY); FEAERME S Ry Ik A5, ik R

() BB Gy, HOF- Y45 8 (B4R AT 6 Ry ik
R, SRR U, AESEPRINES v, %R
AT LA R R EBE . — 0 A A4 i 26 5L
XA B EORESE AE B . 7% 558 T, Mahalanobis-
SPRT 14V ¥4 45 ¢ B FLA R 0 BEAIG, R T 47 —
S0 FH AR AN 2 S il 26 ELOR BE 1 22 RS B2 1 2L
RELR BT BE . JLRT, B4R Mahalanobis-SPRT f#°F
PR R AR AR, R H 0 56 X6 A B A R I
ANRE, BERE AR AT R s T ST B SR A e/
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Y,
=

BARE P AR R AR 2 . BRI, BT LS Mahalanobis-
SPRT 1 —FPAHXT PR A BERE . X FADF T4
HUAY 55 — AL (B M-SCGLR), 7EJL-F fr A 56
T, ZITIEAE R AR/INZI/NT 200) 8] 19 F- 2445
R W v T [ A FH B AL 45 0 H2 AR 9 M-SCSPRT., {H
J&, TE R EF R (B9 R T 200)8, M-SCGLR [1F
Ik 8 M-SCSPRT A Bl W iYL (X 5 H PCC
A M-SCSPRT A8 K41, 1 ATL A3 in il A X
BDRAXS ) o X R E Z 4GB T, M-SCGLR 7
SRS B 1 B 248 F M-SCSPRT.

4.2 FBWMHNTEFEHXOEEE

XA A H i, B4 FIE S LT fE

R % B E [ IERAE 6 PR BUNF () PCC 4%
o TEULIAME, & 4 i B E S Fon MR R
JI5r Tk g(0)=6,+6, =0, [ 5 v 3 (o s |

- 6, =06,=0
- R ‘%’: s P é\ _ 1 L) R
FRAEAMERIIE S5 N ¢(0) {6,2:0,@1>o

i1 4 FEL s R, oI R HIMRRR > 2R, 6
FRZEMNTE PCC Fahn_Ext 25 Mg BE 1 gl 9
R B — B e . BRI, X TRE
JHESEERE S 3 e ok, HAK ) PCC 4R
B X T RE 7 (B 8 1 40 2k i ik, HE
MK PCC #RE R . X ULHIRE I (BRI RE J1 73
FHl L m i, Bof FEAEA T e Y 02 . IR AE
R Fke e (R BGATE ATL b S B AR 5

PCC WA UAH o WRIXETF 6 FhZL k00N, BE J7{E
FEVTRE S A R B, H ATL R FR T4 iR,
AL ATL B945 58 .

5 BHELARAMBETE T 7]

AHIF 5 2R FH 0 565 43 JSORS B B 00 96 350 3R W A4S
TSR, KRR A Rl MCCT & kR 5 2
A B LR RN AT LU FEBR4E CCT Hr, BT AN
B ] B E 7 (A B AT R s R R e g, O
PEATMR A58, M 5 20X 1 it A T 0 2 H )
{H7E MCCT , T ARG 73 5t i Ae
Ay LR i, SO LS CCT Ay ikt
AT DATE B X — A6 7E LA 1) MCCT 2 1E# 0
H, C-SPRT 5 P-SPRT ¥ 4351l L R 552 14
J5 3, K RE S o Bl 2 o T R 4 R A A A
M-GLR #0658 3 19 58 SCIHEAT — 58 1 I3
M-SCSPRT HLIHE BEALAR I8+ AR 5 C-SPRT #HZE A,
RKAR =B 0R . (EFAHER IS, T P-SPRT
AUl — A T A e 25 AT R, ZE 560300
T RE SR S5 B Y 0, AR UEFa e, DA 5 M 56
A NFIE, AR SCHE H LT 5 (G HE 25 ) Mahalanobis-
SPRT HrAtIll, DAFREMNX—AJE . F4h, ARSCTE MCCT
155 h b X B AERY SCGLR J7 (T 2 4E 4 2, Jf
43] M-SCGLR #Hr A,

R 4.1 2R, A —S(EHE R (DXF

C-SPRT P-SPRT Mahalanobis-SPRT
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Bl 4 1 AR (B IEAMETE L AT 6 A IR H) PCC 45
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C-SPRT P-SPRT Mahalanobis-SPRT
05f@ @ o oo o e oo @ o o
03l®@ ® e o e o )
o1l ® o e o o e o o
201l ® © e o o o e o o o
PCC
03 © ®© o o ® 6 ¢ © o o0 ¢ o o o 1.0
05/ ®© © © o o//le e © © o o e o o o o o -0_8
< M-GLR M-SCGLR M- SCSPRT 06
0os5l@ @ o olle o 1) '
0.4
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01/l ® o e o o e o
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03/ ®© ®© © O o/le e o o o o0 o o o
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& 5

FABFFEH H ) M-SCGLR 77k, fEAR#Mz i
H N 24 EEE T, H PCC 8w, 8T K i bifi
BLAR IR AR 7 o X AT REAE B R LA SCRIBA HE Ry
FER) M-SCGLR J7 i AN g 2ol St e bk
Sy FE, BT LAAZ o Sl 2R R 5 e T )N, Al R
M PCC FEARAME M2 BB BE ™ &0 I FRE; ()%
F Mabhalanobis-SPRT /1M, 45 W H A

PRAN P-SPRT TEI 45 Ay 1 B 7 £E i B8 1 Ak 1110 i,
T AR P R IO AR AR, X AT fE
& i T AR 6 A, S0 P A 22 6 iy 30
A 2805 L, DT om0 365 i 400 47 225 o) &5 S 1) 52
Wi, ASHIFFE BT Y B M 35K B R 100, 3X BB
FAEDNG S5 o, TEAREAE 1S 21 L v i 1 Wi B
Sk o I, Mahalanobis-SPRT 77 %] P-SPRT
WA BE I3 A8 3 ) B R kb T R SR TG AR A AR 3
M5 K 55K B /ING, IR RE A AR RN
(3)FE Aol I Bt ML 457 sk 1 4 bR DU, M-GLR R )
ATL BHA 3 Flofl WA BRI B2 kb, x5
Thompson (2011)7E 1451 58 T 153 2 A9 4516 — 3
(4B BE T 4E 2 [ AH OC R EL p 9SG, 6 Fhe (kAL
DU S A () R B o 3K T2 B DR Ay 448 o 4 ) A O
B PR EE S AR TR B Xt 5 DLt ae
T e A A R R DA B R DG B A B b A A R
P AR ER R RE 1A — 2, S)M F T AEAME:

AE 1 0 28 R (A BT AR AR T 6 R R MUY PCC 4521

Mo A ihgk, 6 PN LE LT T AT i M 4y
MG T A LR, 2R ARG T
i A M3PL BERLE MR, FL 5 MEME R 2
B E G, LS AME T IR B T,
AL AN B R ITAF; (6) 8 454 5 43 St
XL E RN I R B AR BAE R . BRI,
TEAMEE S AN GBS T, A TR H [r] 24k 1)
A, 6 FPLC IR BN S Py 24450 T SRR
I o XA HE A PN A AR A T E ] 22 4 1 R 25 4
FBLE P 22 2 1) R 245 ) e 65 B AL O 1 1 2 4 IX
BE, i e Ak m R . BARCR UL, X T
AEME N Z SR 1R, B 4E R DT
A 900 AN H MG XA 2 H (8] 2425 Y
ROUZE 2 R, A4k AT 450 AN I (— 2 8
Hia, =0, H—FBHa =0), HEEIRFME
Fth&rEEE T, 6 FRLNTER H N2 4E 5 8 H 8 2
i) 22 A e — M . X AT RERH TAMR %
T AR AN 30 5 0 A A A bR R A AR —
SRR AL b, BT LA L A RE S BRIEAR B
— 4, SEUE H N 2450 FR RN REIR I R

b, BT — U2 MCCT iy EE 14k
JERCE . FRIE BE, RS 4R RN, S 6
ENVERES TSt To )| TR g o IRy SR N o v i Bl
J&, MCCT &2— MY E RN RS, S EEECRN T
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FEREF, 25700 565 55 R0 46 4 g 25 52 LA o A
A CETR IR R L ARtk ). A
28 b RN 55 AN ] 25 SR s 174 4L 2 R 4 R s A
Fofr s e L Ko B AIL 4 D4 R AL Ao & s itk — 22
K, #A G — P05 o RIS, 48R HOE K2 —
FEFRRERT, THREMLERE 2T G — 225 Erg PRk .

AW FRAA — R R Z AL, tehn: AL FER
FR T4 H0 B B 0] A R B 4PL S R b, A el R DU 3
P BT Y SRR B 5 AT A 1 98 38 o ASBIE SR T 1ot
VO AL S4B A X R A T A AR BT,
AEEBZ KNGO TEBRUPI IS b, AT
T % [EAE#ME MIRT BERY | HA ) 22 2k X 53
SR T 3 AR R 2R B LA AN [ ) e A I 6
ENEROEAE SibE-A

AR LI LA U7 i — 2P R . ()4
B Z 4R UK e G it i . 5 B & RE T 4 ALt
LB AL 4 B R T i, (AR TR LR IE R
U B 53 R HERR R SO 59 R B[Rl RRRcAr g H
A HAER R R, (2)TF &k 245728 MCCT 4
IEF . BT, A5 E X 232500 CCT Z 1k #)
PEATER R (KLU, Wang et al., 2020), {HZXF£433
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Two new termination rules for multidimensional computerized classification testing

REN He, CHEN Ping

(Collaborative Innovation Center of Assessment for Basic Education Quality, Beijing Normal University, Beijing 100875, China)

Abstract

Computerized classification testing (CCT) is a subset of computerized adaptive testing (CAT), and it aims
to classify examinees into one of at least two possible categories that denote results such as pass/fail or
non-mastery/partial mastery/mastery. Therefore, CCTs focus on increasing the accuracy of classification which
is different from CATs designed for precise measurement. The termination rule is one of the key components of
CCT. However, as pointed out by Nydick (2013), most CCTs (i.e., UCCTs) were designed under unidimensional
item response theory (IRT), in which the unidimensionality assumption is easily violated in practice. Thus,
researchers then began to construct multidimensional CCT termination rules (i.e., MCCT) based on
multidimensional IRT. To date, however, these rules still have some deficiencies in terms of classification
accuracy or test efficiency.

Most current studies on termination rules of MCCT are based on termination rules of UCCT. In UCCTs,
termination rules require setting a cut point, 6,, of the latent trait to calculate the statistics; and when they are
extended from UCCT to MCCT, the cut point will become a classification bound curve or even a surface (i.e.,
g(0)=0). At this time, a question is how to convert the curve or surface into 6. To this end, the projected
sequential probability ratio test (P-SPRT), constrained SPRT (C-SPRT; Nydick, 2013), and multidimensional
generalized likelihood ratio (M-GLR) were respectively proposed to solve the problem in different ways. Among
them, P-SPRT and C-SPRT choose specific points on g(6) as the approximate cut point, éo, by projecting into
Euclidean space or constraining on g(6) respectively; as for M-GLR, because the generalized likelihood ratio
statistic can be calculated without a cut point, it can be directly employed in MCCT. To overcome the limitation
that P-SPRT may lead to unstable results at the beginning of the test, this study proposed the Mahalanobis
distance-based SPRT (Mahalanobis-SPRT).

In addition, stochastic curtailment is a technique for shortening the test length by predicting whether the
classification of participants will change as the test continues. This article also combined M-GLR with the
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stochastic curtailment and proposed M-GLR with stochastic curtailment (M-SCGLR).

A full-scale simulation study was conducted to (1) compare both the Mahalanobis-SPRT and M-SCGLR
with the P-SPRT, C-SPRT, M-GLR, and multidimensional stochastically curtailed SPRT (M-SCSPRT) under
varying conditions; (2) compare the classification performance of the above six termination rules for participants
with specific abilities to explore whether there is a significant difference in the sensitivity of various rules to
classify specific participants. To achieve the first research objective, three levels of correlation between
dimensions (p=0, 0.5, and 0.8), two item bank structures (within-item multidimensionality and between-item
multidimensionality), and two kinds of classification boundary (compensatory boundary and non-compensatory

boundary) were considered; to achieve the second objective, 36 specific ability points (6,,6,) were generated
where 6,6, € {-0.5,-0.3,-0.1,0.1,0.3,0.5} . The results showed that: (1) when the compensatory classification

function was used, the Mahalanobis-SPRT led to higher classification accuracy and similar test length to the
rules without stochastic curtailment; (2) under almost all conditions, the M-SCGLR not only possessed higher
precision but also maintained the short test length, compared to M-SCSPRT that also uses stochastic curtailment;
(3) the six termination rules showed a consistent change in the sensitivity of the precision and test length to
specific participants.

To sum up, two new MCCT termination rules (Mahalanobis-SPRT and M-SCGLR) are put forward in this
article. Although the simulation results are very promising, several research directions merit further
investigation, such as the development of MCCT termination rules for more than two categories, and the
construction of MCCT termination rules by incorporating process data like the response time.

Key words computerized classification testing, termination rule, multidimensional item response theory, Mahalanobis
distance, stochastic curtailment
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