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Abstract

In recent years, multidimensional computerized adaptive testing (MCAT) has received more and
more attention in educational measurement. As with all other CATs, item replenishment is an im-
portant component of MCAT’s item bank maintenance and management. Bank managers need to
regularly eliminate overexposed or outdated items in the item bank and replace them with new
ones. In unidimensional CAT (UCAT), online calibration techniques have been used to calibrate new
items effectively. However, there is little discussion in the literature about online calibration of
MCAT. Therefore, based on the existing UCAT, this study extends the D-optimal design and A-optimal
design of UCAT online calibration design to the multidimensional online calibration situation. In
this study, A computer simulation experiment was conducted to explore the influence of sample
size and the correlation coefficient between the ability components on D-optimal design and
A-optimal design. The results showed that the average total information and the information of
the item parameters decreased with the increase of the correlation of ability components; in-
creased first and then decreased with the increase of the number of new items when the correla-
tion of ability components was 0.2 and 0.5; and was almost unchanged when the correlation of
ability components was 0.8, indicating that it was a little affected by the D- and A-optimal designs
as this experimental condition.
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1. 5|8

ITAER,  BEAE THE LG R AN W 2 308 TR I AN W 58 35 DA — 8 KR8, AE R AL H Pk il 46 v
BT 0 H ) S #E 8 (item response theory, IRT)fi#4) & [ 71 5L [ 3& B2l 56 (computerized adaptive testing,
CAT)ZH AL SR N T[] CAT Iz LS 2@ i il M mr i) ge 17K, DATE S N FE R
NfES, OB T ORBURREE, R BRI T LI BOE A R KT B H IR T RS, ik E] &
REAC” « RN ) EENAL I E T2 [2]. CAT 193 ZA A2 H R B i B m T 2R .
FEHAHTAE 2B K, THEAL B G S0 58 RN it ) 9 5 77 2 mT AR K gk 0 K8t 2 R B v AR
[EIN AT DA 07 IEVE B SEAT . CAT H 28R 5e 77 0, w1 RU BS54t 58 hn 47 6 iyt o7 =8,
g, EE, BEB%E, FHEIHERAT, A1F, @lls R, Bl CAT fE& R OBt
BRI T ZN A, Bl sEE T AN E IR (GRE), I B AR NS (GMAT), EM L3
I (NCLEX-RN)Z%[3].

BEE CAT (M A, WA AT IS — A i e R, B o0/ A7 A FE R,
Tob B S5 1] R T NS TR 4] RIUE T CAT IS, AT EEX @R O & FHAE FH 18 H
HEATBIREARHR, (R  3E BEA  2EAh 7e B A, RN R P 34T R E BN 5] o X I A AT TR R i AT A
A ek A G H AN B E 6] X H A R AR € E EAFER TN — =M 8 S5
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CREHEBSHETIHENSHER L[],

Hal, AT sgEiHEALH &M ML (unidimensional computerized adaptive testing, UCAT), £ #4Ei}
HAL & M5 (multidimensional computerized adaptive testing, MCAT)ANMYAE— 5 o A] LS S 3R
TEZAYERE ERIRET KT, BRI e TSRS B2, $R4E T2 MARE R, BT B3P 2 &
ANSTUI I B LR 8], DRI, MCAT e 7 2 4R B SR F R AT+ S B S A s, e k19 3
Bl A A2 0 B R HESE (9]0 AR T BN B G S 5e, A7) SR T I o 200 P2 ST 1) v, TS AT 7 %o ik
TR bR e i #E, DA 8 H S50 BN B . B8 UCAT IR A 2 Wi TR AR 2, (2%
MCAT [JFEZebn & B ih I A AL THEPR R B . O~ 7 SEBUBUZE IS8T, (EA5 1T SML B & S 56 45 DA
KANH, TEZbrE & HH IR,

BFXT MCAT (FEZebr € veit Siig, 8 2T AR H 28006 BB gt R A ERE . £
b8 BRI R I 77 2, FeAZ o i) L e i 1K 0 A PR AE TRC DAL AR B 2 80br o8 IR
Wainer F Mislevy 5 5 4& H 7 BEALAN &R FhE Zebr o€ It 77 341 H A BENLER & 2 BT P Hh B
M%) 5 B, JF HBEAL IR NS 2 9V E % o W IRe iS5 AT 8 R B BEATL e vt i ) 25 1K
%, @HSHA T BERR[S]. BARBELER B #R R 5, (E R R E 5 AR AT )R B T R
FAE R ER SFEEER G, FEEESHEAETHAHER, BN I TH RN E & R R A
AR A 15 T4 R b v 128 H A R S T L RRAE B4, B0 Ik & A IR 8 R . b i
HER)RET I H E BAAERN Rt

FET I H 5 BARMER B R T 1) S A R R Il I H 5005 B R R RS iR 2. BT IH
15 B AR e I L Bk dE DAL, 7 81 D-ARAk, 95 D-RAGAD DL 37 D-ORAL LA S AR 75 FEFR FR AT D-c &
5512, D-fifb ittt s ORIt H 244 Fisher 15 BAFEAT 91 Ak MU H 500 Xh i %, &
& LML T H S E85TH8C8 N B ARGt 485, 78 D-PRAL et 025 Rt I, Berger SEHURE JufdiiHE S BAE
ST I E L, BRI 5 D=L 511 10] (two-point D-optimal design, D-Tp). Chang 1 Lu & #
PRREIHEN], TEAER CAT W EAZR M A D-ACETHE, 457 SR 7 Ok B i E 2, PR
FF 5 DAL BT 11]. Hassan F1 Miller J&T- R 1 B 50 v B AR, 4 th 4 BB 78 e I Re 77 IX [R) T AS 2
AL BEE RGBT HORE AR R AR AR SR R et [12]. Ren 58 AAADU AHE RERE T AR BOICAS RE P 2E AR
EMSEAGTHE[13], R T DA ARG A s e ) & o i R A 3R, $2H D-Tpl.
D-Tp2 #1 D-Tp3 J7#%[14]. Kang 5 NI NFEEHAE BHAA, FHBASH BN EE, ERE RN
B ARAY R 5E DA AR RIBEAL 7 L BRI 15]. van der Linden £ Ren 7£ D-fLA0JEA EARYE
LHIEA p REANTHE, FAE AT BB AR S i RINE AR AL, RefR BT H 4L Fisher
SR EREZNIHSGHELE p ME%, IR D-idit, #8 D-VR #&it[16]. HT D-VR
Bt BIR RN B AT E A E R I B A, He %5 N 45G D-RAL I B GT D-VR e, i)
PL D-VR Wit RN HE AR j b5 ptnfE B E vt @it A7 00 25 A e 1A T Bl
FAEMRE IENE R § BRI, TR R e m R 45 4T B AR, M HRAMS
FEFEH#R[17] (excellence degree, ED) /7%, He Fl Chen it I H ZHUfli iR Z A EFEH T D-c Wit[18].

DA R T EZebr € B FUAR 2D kI MCAT W H (bR €, A 0K D-Se Bt A=t e it B 4E
e B 24, JF HIET Fisher 5 EMALA, TP RIZELNR E BT IR, TR FEA K ANFIRE ) 8] 1)
FHOR R BN A [E AR € B2, AL /£ MCAT B R it Rugigth=% .

AFNARAB AL T J7 FATHLR N0 I ik AT /IR (45 IRT B8, Fisher {5 54 P )4
S LK D-t AT A AR B THE) . 5 =TT T MCAT FITE LR b 2 (AR 7T, 565 DU 56 FLAF 7o 4 SR gk
ITT7 84, BTATEHe TASCHIA Z LSRRI 7877 14 .
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2. B GE
2.1. ZEINERNIBIPIER

Z YT H J BB AR LR RAF R 2 4R TERE /KPS AR H EIEFEB MR X RIARL
PR, T I IZ AR AL T DX R 2 AN GRS IOV AR RE J K REATHENT . 2 4RI B i S FE VAR AR I ) 43 A
AR FIJEAME R . AN AR PR A S — SRR F BRI A 2 I mT DA AR AERE IR fRe i1 Bk
ARSCRFAME 1) 2 YE P S50 logistic fAL[19]. X T — A3 0T H j, FAMEZ 4P S logistic &
BI(M2PL)E IRE ST & 6, ik i IR e 2% 00 H AR 0K (1):

1
1+exp[—(ajT.0,. -b, )]

0,) TP i 1 p ek TR

a} =(a;,a;y,.a,, ) T 568 H7 0 BATAS BLHO I DX 50 BE 10 BE, SO 1 ek IE R 1F 250000 F I 94 28 2 £
WX EEN, Haj6 =a,0,+a,0,++a,0,. b NHHjIMEESE, MNIHHN TR EE N —
NG FERE . AL, MgER p FT 1 B, BEJIMEFX o R SR S — N UE, R 2 4P S
logistic AL Ak N BAYEI P S 4 logistic AL,

E 2 BTSN 13 L0 56 AR R ) 7E L b I AR rp, 22 4R T00 SRR AR R T S B N R AR
R . 2460 500G RIS 1 B 1R T XA B Dbl Th, PP BRI RE K. Hd AR R
R I B R H A E N H A T RARES, BT A EE T H SO T, BITE X5 )
al =(ay,a,, - a, ) RRERE D B, THRNGENREG =(6,.0,..0,) BRI, FELNK
hREATAG T SRTMTEAE SR i AR v, FRATI B 2 7 X8 H S EO-AT v, SRS B R T
[ — U b X —id AR A B RE ) AN E S BT, AT SRAFH A R H S8 B . RIILTE I
A, B TR IR 6, =(6,.0,,-.6,) (FEJ1— B RRmE, o LLAME iHE & AL,
B MASCIAE L), SH S HOEAT AT, TN E 25 ] =(a,.a;,) Wb R, F
TERATEAT A T AR

FEARSCH, BAT B AR A RE ) By 4 R RS, R % p =2, AR
MfENR 6 =(0,.0,) » SZHBMTHEKXSEAR ) =(a,.a,), )6, =a,0,+a,0,. b KIAN
WH j SR, AU . BT ORASTA R R SL IO SR T p =2 [T

2.2. BiENAESIFE R

FEZAR E Bt I A R AE A E B R b, AEBOR BIA A BN, DL—E I HE I s BON IR YR,
R i€ T & H r Bo g ol VR, B BaEA BB BAE R, X B A RO Al THET & oK 52
B H

TEZ AETH AL EIE RS T, AR SR B B Bk R AR EDE I, AR R R, 72
KR 58 HHT R R A HE IR B A IE T A TR . Xk, van der Linden fl Ren #ff 7t UCAT F 3T
DI SR I IE 2R 8 Wi [16]0 AR SORAEZebr i BTh i) D-Fe A1 A-e L vh 4 20&E T 5 e
MCAT HI1E 5

2.2.1. Fisher (5 B BIEMEHIES

D-B LA A-fe i ¥eit 3T Fisher 5 S AERE, T Fisher {5 85 M2 th il ia0ns 7 REVE 25 i 4 41 10
Fisher {2 8 & AT R SAFE10]. 4 1(n,:6,) Rl i oh SHIEHL 7 $2ALK Fisher (%88, W

P, (6,)=Prob(y, =1,16,.a,.b,) =

J

M

Hop, oy R—ATHEHIBAE R0 5 1. 6, =(6,.6,.

i
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62
77/ , :—E logL i>0, 7]/)

{ log P(6:m,))" (0(6:m,)) }} )
{ - [ u;log P(6); nj)+(1—u[j)logQ(9i;ﬂ,)]}

L, L(u,.j;e,.,nj)%%/T{”Eéfiﬁjuﬁ‘ﬂu%@%z, n, RN j BTN H 2L
0(6:m,)=1-P(6:n,). 1E M2PL %% T, Fisher f& BRI AR A:

g

aj1a; a4 ajab;
[(”/';05) = [ ajiajy [ajl"jZ I”/ij (3)
I, L, I,

a2 aj2bj ajabj

FHAH L, AR, SRARIGHEAIRIL L, i HEE,

62
Iy, = E{ . log L (u; 077)}

a;0d;

e[t (et

2

JIZH 1

e,
E{ . _ajﬂ [, 108 P(6:7,)+ (l—ul,-)logQ(é’i;n,-)]H

0
-E 0 70 u logP 0 7]) (l—ul./.)logQ(ﬁl.;qj)]}

1 0, exp( a,6,-a;0, +b)

(0 7L)[1+exp( 0,—a;,0,+b,

)]

oy thew(-a,0,-a.0,+b)
+( ’7)1_P(¢9l.;77,~)[1+exp( Oy —a;,0, +b/ 2]}
J

Eaa 6,4, (1-P(85m,)) -6, anj}

E{aa P(8;n, ))]}

-6, exp 0,—a;,0, +b,)
[1+exp 10, +b])]
—-E[-0:P(8:m,)(1- Paqj))]

=0.P 0 7]1)(1 P(0 7]1))

J

-E

“
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GERNE LR
L, =0,0,P(8:m,)(1-P(6:m,))
1, ==0,P(6:m,)(1-P(8:7,))
I, =03P(6:m,)(1-P(8:m,))
1., ==0.P(8:n,)(1-P(6:n,))

J

1, =P(6:n,)(1-P(6:n,))

J

HHUL A3 3], 7€ M2PL #5884, Fisher {5 B & MR A RIETE KXy

‘9121 ‘91'191'2 _91'1
1(n,:6)=(1-P(8:m,))P(6:n,)| 6.6, 6 ~6, )
_Hil _6’1'2 1

GBI R IE 44 R0 E 7 SR Fisher {3 B 1 (0] ) % 4.4 B AR ELH0 Fisher
SREIM, 1(n:8)=21(n:6), K16 =(6,0,,-.0,) & n LHRIHE R, 6,710, %
R AR EIRE I TR 2 4.

2.2.2. D-&AiR

PR £ IS BRI BN, 85 /B LM n 4 MRS, TIJET Fisher {3 58 RARFERY D5t

42 2 AR £ o 2 96 A %

k= {dt[z .0 )41 .;o.}dt[f .0 } 6
argmax |det| 1(7,:0,, ) +1(n,:6,) | ~det| 1(n,:6, ) (6)
KT8 k DlCA R MEZ[16]. ¥ IHER) Fisher {5 8 & A
Cll C12 C13_
[(77,/;0;1/):[1_P(0nj;77j):|P(9nj;77/) C, Cy Cyul, (7)
13 C23 C33_

C11 +‘9j C12 + 91'1'91'2 C13 _9'1

I(ﬂj;enj)+[(ﬂj;0i):(1_P(0i;ﬂj))P(0i;nj) Cp+6,0, Cp+8;, Cy-0,|. (®)
G -6, Gy -0, Gy +1

A5 (8) PR U6 BN S4B IF 1) D- B B 23k 2
wgmac|[1-7(0,0,)]7(0,:n, )| 20, 1(n,0,), )20, (1(n0,), |
+26,6, (l(ﬂf ’ 0”/ )[1,2] j * 0’21 (1 (ﬂf;e"/ )[1,1] j * 0’22 (1 (ﬂf g 0”/ )[2,2] j}

ROM, 6, Fm5h i BHARNREA M, 6, T n AHARIHE ST 7 BRI, I(nj;an, ) = 2'1(7;].;0,.)
: i=1
FIRHI n, A HAR0N j IEFT ALK S Fisher S E . 1(#,:6,) Rk i X5 j EH IR LN Fisher 5

Bl 1(ns6,,) | AR 1(n:6, ) HERES 4 TRE L SINTHINE. DAL & SURBR ¢ BATAT

(€))
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SRR k (SRR R g, ) SO R R

2.2.3. A-E& it
A-S LB AHT IR 7 rh e 35 2 2R AT -

k :argm?x{tr[l(n/;anj )’1 —[1(77/;0")4_1(77/;9”/ )I:H} (10)

TR k 7> BeZs B EZR[16]. Hrli Fisher {5 2 B4R B A IEHE [y :

PARAYE
tr([(ﬂj’a) det[l(ﬂj;ﬁ,,/)} (b
LB A TH R Fisher 15 5 5000 B A0 300 B (13280 -
. id t(] 136, )+ 17,6, j
tr|:[(ﬂj;0[)+]<ﬂj;9n_) }=1" e [(’7 ) % )}[l’[] , (12)
! det[[(r]j;ﬁnj)+1(nj;0,ﬂ
FRADFRA2)RAK(10)75:
idet(([(f]j;an/_))[”]j idet(([(m;@ni)+1(77j;9l.))[”]J
arg max 4 — A : . (13)
j det(l(nj;é’nj )) det([(nj;enj )+1(r;j;49,.))

RO, (7,30, ) JEAG Fisher {5 B RARE T (1(ns8,)) w1 (n:8, ) st 5

L ST [ 1(n;36, )+4mo&mﬁﬁqmﬁﬁ+qm@ya%ﬁ4ﬁﬁ%4WM%ﬁ%OA
SRV A 85 SURMER 1 A R T BT R & (i - B4 B, 1007 222 0
2.2.4. BRRHGI

TR PR S L P U RS RE R AT — DB ENR, ARSCER M 7P —HETH . AR
JELAR A4 B

Bk 1: 6 =(-11),
#ik 2: 0, 2(0,2) o
B MR Y B A 1, 55 SRR AR B 0 F1 2, W4 A A
R AR 2, RFLAREMGA 1 AR AL O JRIFRAS, MU 2 HOHEAIEA 1 WAL S 340
AT, i, A OO iher (520 1m0, ) 08 ) 3], utgontis
B R 0 T
R 44 SO WA DA 0 DR A0 Fisher (36, 16 90T 0% T8

RROfE LR i THORRORE R, TR 55 AT (1 P(G:m, ) P(8:m, ) W, D-JAR B3t
R AR B2 IR 2 AR £ 2 1144 6, Wt B — S ey AR 5 Rt
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Figure 1. Parametric surface diagram of differentiation degree of D-optimal design for
two examinees

E 1. D-RitEARZHIR ENX T ESHHhmEE

TR R TR 1 AEPILE X 7 FEARSE I D-Re i it 045 B R HBOR, AR S — X 3 BERCK T
A YEIX G EERUNE, D-BL O RIE BB BN . X TR 2, D-BAR Bt iE REME o IR
W, MABEE a KA. Z36KE, #0X 1 R e il 2 pohm s, SEpaal 1 Bt 2
() D-Fe L veit iIME B 142 R 1 P A BE T EDE R AE AN R X 3 BE T 1 A- R AR BETH Y Fisher {5 /2,

=

Ho

k1
[ 2

=
H
p
N
/

=
5

A-BARBETH I Fisher (s &
=)
W

=3
[\
Y2

<
—
L

|\ )
i

0 o

Figure 2. Parametric surface diagram of differentiation degree of A-optimal design for
two examinees
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1y b T AT 2 f) i T AR TR R R TR ), AN R b D-se et 8 A-fe BTt 1
TR 2 Bl i s A SN R, B A R BT AR 1 R S

3. ERHR

ARG TR AME R 2PL B ) MCAT, #RFUEL AR iR P i) D-e LBt Al A- sl s ity
BT > BE AN, JF HIE T Fisher {5 55 LU BRI A AN RE /7 1] AU AH 5 22 5000 PR SR FXORE L

3.1. BHERYERL

AL Chen 25 N[5, BENLAE K 1000 183 M2PL B (/)8 H E8E (7], [RIRTSCHIE, A1
6 2 YA B o St e S A i, DT AT B E XS M a] = (a.a,, ) TIPS
N3 ay,a, 3RO, 13T EOER A, HAE[0.25, 200X IEZ i, 7 H AEE S 80b, Wk
AR TE 25 43 A B Ak 2

AR SO 20 EHT AT E L bR R FE . Hodr, I 20 T8 TR S BB R A I A 2 R
KMFE, BHXSESH 0] =(a,.a;, ) RAEIES 547, HAE[0.2, 251X M2 i, &5
Kb, IR M FRHE IS 347 (1 A 2 il B R 555 R 0 H S B Hd Mg v E LA 1

ES DA MCAT IIRFFE[20], AT SR R RO fE e bn e il FE, BEALAE A% 1000, 2000
3000 4% AR, X B REE B > BB 200, 400, 600 A HRMES . Mo, g iR A&
6,=(6,,6,) WIRMIIEI0, JrZA1, HFEREMMA?0.2. 0.5, 0.8 F 4 IE 253 A R A R

Table 1. Item description

= 1. @R

a, a b
¥ 0.9986 1.0266 0.0446
FrifEZ 0.6056 0.5954 0.9939
R/MA 0.2007 0.2047 -3.4915
YN 2.4871 2.4964 3.2662

3.2. MANAELIREDRE

R0 1E b st L R LR RO bR MCAT BB 4y . BIATBAMFIREHEAT . BR{EHEAT MCAT
s e U RT RN TR, W BFBIATRR S . R TR0 Mk ) MCAT M AT 454

CAT (B E B i A A, 40 BONBE . I F v . RE R 7iE . HERIAEN AL
IEBI1]. B, 1) DAM2PL B s SRR . 2) ML th B LR — 0 e sk A )
. 3) FABIASRA I ik ST 4T, 4) T DB AENG . 5) TP I e UG K ey
LA

AR 1E L F S 3R BRI ) A PI4ERY 2PL B, LSRR £ FRLE S O
W p, . R p, AT 0 B 1 2R FINEAIZE 0 50 1 BIMUAR A BEHLS e, . #51E
BMER p, KRB 2, MR 1 0 T o BRI R, WIEA 1. 2, BHEE
W p, TR e, . WANBER { B EREE J, WA R u, MIEA 0. BAJ it b
FRAREIH0 D- BRSNS, (R P B 4B F 4 TR IE S
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IR, ASCSEE i 32 H R N BT R Lebr T, BRI E IR 2 i 5 A B R BT A, RN
FRBE, B R VEIE IR B DR B A A R BT S o T fR] A AR N BT R 1L
K357 van der Linden 55 NMALSEIG B FL[9], MBAPAMES S RGN, RAVEPEE W E
B I )\ B R BEALE B A BN . FERRIE S SERL 20 GERE E I, W IRER, ZRiZ
AR MCAT i 72

TEARSCH) S, AEB KAy 20 @, Lol /Es 5 TERHRM 15 IR . ASCRE [ REE T R
VEZ BN LE 286, B AR 3T L B MR 200, 400, 600 V)R R bR E 5E . AT LATE %52 E
ENAELAR SRR LN, B LRSS 5 EHE, TEXWMIESRENT, Y —EHaamgE
%1t 200, 400, 600 5, WTERCH R EZbr g i 7, A SEIR 2,

3.3. WihERE

T ERAN R S5 A N PR TE Zebr g BT SRIE ORI, BATT ARG B R AL E NN IR E 2
T SR O HEI o FERLATRATI A 4 MEEREL A ey B IR S5 B s, DU H S H0m
Bn=(a,a,b) T=NMEESHEXAREERE. FR B IIHR@ i G R e,
A R T 7ELebr 52

HiSCHER, Fisher {55 EAERE M3 SUR ML O B BEZ 5 T BT S AL it S 45 &, R Fisher
B I B AR R T DAE i 2 0 O T RS R ORI B HE I o AR ST BRUOBUER 5 5 — R 100 7 R A A
5 &, MEMAIEZ 5EEW BB G S8, KA SCERH A 15 -3
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Table 2. The D-optimal and A-optimal Fisher information of different number of examinees when the ability correlation is 0.2
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1(b) 0.1365 0.1373 0.1391 0.1386 0.1372 0.1369

Table 3. The D-optimal and A-optimal Fisher information of different number of examinees when the ability correlation is 0.5
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Table 4. The D-optimal and A-optimal Fisher information of different number of examinees when the ability correlation is 0.8
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Figure 3. Information values foritem parameters under different sample size and correlations in ability component generated
by the D- and A-optimal designs
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