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FI A7 At 1 DU (MILC) 8 AL A5 0 36 2803 o« BB AT HERf, Bk U200 B R AR AN 20, % il 24, 4% a
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PR PRIV 52 BUGS DX 70 JBE B R o AR SCET A b R P D 8 AR I O DLl 5, X 0-1 343 T Y CAT, Sl 51 A B
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1 [a) A H

FLFI0 H 52 B8 (Item Response Theory, IRT)
f AL AL [ A A 5 (Computerized  Adaptive
Testing, CAT)J& L3 . THENEARMAREET
FARFTEAEEE Y. CAT 5158 0“T AN—E" 1)
FZEMRANE, ©fEREN G DEA L
A A 55 (Meijer & Nering, 1999).

i Meijer Fl Nering (199914, EAMNEFL K
RIS # R CAT #iEX, ZEENEAITFE
KT CAT WM S55E. EREFEANCERE, T
B R, RN, 2005)% T CAT 3B (1) P 25T £ 1)
A BRFSENRE, TRER, MRS, JREE, 2006)
VI 2 NGO By, DRTEARL, TR, XBRP,
2006)F 5% 1 45 9 S A AL R (Y 2k R I XS4
A, THE, MRIEEE, 2008)% T GPCM 1Y i
13 THEGE; AR AN TR R (2007)£8 2% B AT AR
ZWIUIRERY CAT filid w5, M58 AN(H 4,
HiFHR, Bl i, (77, B H, 20094 CAT 2|

W R H 41 2010-04-12

TE 5= AMTLO BRAS TN 2R 40 0 PF LN 6 vh - B T 3548
MR . & T 0-1 BE4RY) Logistic #A15hy # 2
B Logistic 11 %8 (1PLM), 2% Logistic #& %!
(QPLM)FI =2 Logistic #AI(3PLM), H T CAT
— AR RO TR R N, PR 0-1 P41 DL T F
7% CAT ## 3PLM &Y. IRT H(Fisher)f5 &
e PMHENME. [FREERIIM R, Bt
AEEEIE IRy = M EIE, RIE B
K, Ty, IR . AR AR S PR R,
I 5647 5L 2 AT AR S s 100 B AR S a2 A T
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KRB TR AR B I H R i ek S A R R
S G ate SRt RTINS BIED AR s 1 B K= BDIS B e i el i )
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PR, RS AP IR 2 C R B CAT Wit it 78
CAT & 8U5Rms it oE v, B i 0% 28 250 5 s i
Lord #2 /) MIC ., Chang fl Ying (1999)42 th iY4% a
51)21(a-STR). MIC REARGFHLZEA 450 H 280
eS8, 2R AR RCR R . e i e
SO A, R U DX 0 B v I T S i AT, i
Xy FEAR R 3 H 8D EE A . 7RI B
T, 25 A AT R S i S 1% 1R A A T A
AT R AT A P T ST 2, 4 T 52 i) 8 ) A 3 1) 7
B AN B A X6 T ) — SR DUl FH 232 KA1,
AR AR . KL, i CAT 98 o W s 7 B2 T A 1)
BBERRER I ST A . a-STR J24HXT MIC fh it
BT T, B AT DA I H B G REE1S H
5o fH a-STR HJ& 8 ih A I 5 4% a 19 K/l
JUJZ, CAT Xt 4:— kil ae Iy 0y Al 2 2 i 28 Mo
(o ffi ] a-STR He % g v] LATE—E F2 1 AR 7E
BE DA T R (Y B B, il IX 4 B S 1 0 H
T RE Ak O HERf B B B, AT FH DX 3 B AR 1) 3
Ho M T a-STR LIRS 43 2 0%k H i Seifie, 78
[ — 2 o0 £ 35 (R 00 H ) B SR = I B S e A
THEAMICES; (H2$04T a-STR, XA REHL 45
JE T AU DU R 15 B T A A R ) R A T 32 R AR L A
YA AS Ak, 3K AT B AR5 A2 10 6 28 R 1Y) —
JE

BRLL A2 a-STR J7 ik L AEA8, [Ab2E
Hi TR 2 B R BRI H BEGR , 1985
4F Sympson Fl Hetter 55 —42 A28 75 1%
(PR SH &) eIt H 2o B Mgl )i, A
R TE I B 356 18 B 2l Uz [l i — A g 4%
Wil S E, TR 2 T H B 5 2t B HLEE; Rl R
SR XA i 7K o I E B G RAG A AR
ANIA], Stocking 1 Lewis (1998)Kf SH i {1, $2H1
SRR (FTFR SLC ¥5), 5488 JIKIHET
AR A B 235 45 . SH. SLC WA
TUHBEOGR, PR R B8 B OGR A T
(R BTy VAR AE DL SR . SRS S IR Se i A0
T 5 A Hh LA, A B R AN R 3
Vi I B S A S B BN R, D Tk A
PRG0S AT N R RIS N, 0 200 BT
BIIHE B E S, B S50 2k
B i, CYBLBLIET  BE T 2 AR 5 L PR o3 A
ANFEE, EREESCRRITI. g SH &H
FTAE A /2, var der Linden £1 Veldkamp (2004,
2007)4 T —FhA ORGSR (R AR LV

2, LV 2R 1 R A A AL SR 45 45 1
JEE, kR T SH T ST I% AR A A iR,
Hoxhomi H eyl s SH —REA R, HE e
Sy it BE R FR AR 2 1, FFEAE IG5 2 Y
&L, FrLA Chen (2004)E SR B LV (MLV)
PR IR, MLV 5 LV J7 pe A A 7],
FURAETT 25 18 N 25T ) A T AN [], MLV AN 23 filf 5]
VEARBIRRIEIE, (A 21 nan 5 ol i Il 56 8 S %
B 5 I (Ju, 2005); 5 MLV #54 FUEEA A [H, Ju
(2005)$2 1 SH £k I (on-line)#% 45 B (ffiFk SHO 1),
2T SH it elaE, VAR SH k5 = S
PR BR S EN R O MLV R 5 I 4%
B FAW Y], Chen 1 Liao (2005) #HEUSCKF 45
(Freeze, B(# BIPREAHIRIR)EFMA SHO H, JEMK
T IR Tk (R PR SHOF), %7 et —
AR THIOER B e . REREHHE WX CAT
(IR ARAE I EAT TR ABEGE . ARAG 7 (2005)
FERR 18 30X CAT MR HI R B B2 R b
O3 )2 BEMLIE T, KEHAG TR BOR - 4B 1 (A
FR a-NN), DLIHCR R AR & B 32 000 H 1 B G R AR
o AP TR R A I E ) R R EUES (2006) %
SH. SHO. MLV, SHOF PUF J5 i 1E AN [F 1SR T
(O IR A T H R, B SHOF AN A ] M A 455
TR RE U AR E RO BRIEEE (2007) 42 5 DL RE
J153 A Az SHC W RE L (RFR ASHO),
IE 7 AR PR W RE 1K 45 TR IRl i e s il g
TIETE AL Z 1 DX RIS I TE P24, 2 T SEAA,
XFEARGF Bl SHC MR A4R A IR AE AR TG TG
WERE b0y 2 P B AR o K5 FA (2008) 2 1 T AR 4R
ASHC % J5 % (il %% ASHCOF)., fixii Cheng,
Chang, Douglas F1 Guo (2009)4 H} SP- i il 56 55 5 01
WEEARA rk, RIBEINEAEGE T AR B L 5INAL a 4
ZErik, BORARE

BT XFRT T IR B a-STR Z AN, AR SCHEESr— AN
(e RN o IR NS A — AR B —, T
— M B A PR EC(FIT) i AS 2 B4 00 M5 8 =
LIS MIC fl a-STR LT, 55, 454 a-STR
TR LIS B2 Z M B IX 43 B, {H a-STR J7i5 TG
B B4 I NI H A IX 43 FE (Cheng et al., 2009),
M FII 24300 H W IX o3 BE 1 pR L, 35X 0] 97K b
a-STR MY3X—BkIE; 25 =, InAFEHIBEEHLE], 4
T A2 ik A2 gl S A, R RZ L
o3 5 AE LS I 56 B gk b, ez A
H Al F B R T Z AL 38 in p e rh i L 2s, 38
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IR A LA A, R R R T ) B O R,
v AU R A TR o B IT 3P A 00 A i
s Fk i —a, ik — I HER
e 3 R R 5 R b B AT i E A F 24
PRI, 13 B AT S5 A e R DG R I H B,
SCRESR THIRERE AT H A AL, ATk F)
BOCEI SR AR, XANFET SH 45058 HUE 4l
e BOLR I H BT, el REEE L BRI
7 ¥R ARG AR 1 75 T SN 2

R EA VLRSI H T A SRR LS
A, XIEEEEMAG M MIC U B, B L
AR SCAESEHE CAT B [ B A FHAS [ B 45 A bR
B, VA7 KRS 3 R0 23 B B A [ A9 45 2
PRBCRY 7 i, (A 4 A B 7 i 300 98 ) X0 BE A
X B A I, T A S S R X R v A
T DX AR B R A A i 2 —, %5
5 A IR B A Sh A2 B X B R R T, AR
a-STR AL, HIETE)Z 52 Z W A 3% X 7 &
NS

2 SIABRGI e R

2.1 3PLM BES5EFEEEEN
BB (A, Birnbaum)45 i T U F B9 =254
Logistic # % GPLM)(&E B, #ilFE, THRE,
2002):
memew O
Horbro MIBAEFET, WRRNAET), D NEE(—
EHUE 1.7), &, bi. ¢ 4333 1 A5 H Y X 43
JE . MERERRTINEE . Pi(OFRREESI ] 0 HIBIXTES
i ANH FIESEZ R, 3PLM 13 H {5 B R
BOREE, 2002)8

1;(0) =

R(O)=c;+

D’a’(1-¢)
[Ci + eDai (H_b.)][l + e—Dai(H—bl)]Z

)

TR H e B, i sk Sy s, g
5B RECH:

1©)=X1,0)

Horr n SIS0 H R, () A REIE N 6 1Y
PALAEIH 1 ERYfE S eREL.

2.2 HBYI% R SR B

BEXS CAT Hrffi J MIC 3£ 2 (35 H i i FHAS
¥15), sl any sk, FATE MIC Rk T
GIA—ATH j A4 6 EE G K - (exposure-control
factor), it M ecf (j), LA ecf (j) YIRS IR +4; Fl X

m:
SRIE a9 R R a()T k), ik L ecf () =—

>

2(T-k)
a(j,T k)=, BB T -
1, (0)
fi=" A,--ecf(j)-a(j:,k)] )

WIS m AR, 0 %R I% A M TR
TIAGIHE, my ZmITH § BT m—1 5 AR AR
B, mONHT m—1 A2 AR I R b A P

M
WUk, Mm=>m /M, M S HEE. (3)
j=1

AP HY T Hmar T AR B, k(k BUE N 1,2...T)
PN 2 HT CAT St Hh et B 4k A9 B B, F AT H
o MEA T — ATt A, Horh

iy = argmax f; “)
jeRy

B R, 2 1 A X IZ gt I (101 5 4, ]
DAFR A 2 ik ) 780 4 P2 (R 745, 2006 X122 5%,
2008), BIXT T4k ofE CAT BUFEZ k #tvh, fiE v
AR A A B R o E A BT T H .

Fram%5¢(3)a, ecf ()AL Torbkz i, X my
K, ecf () til, i f Wk, DRI E A
PR REG R Z, D0 A S T B e TP LR R 1 m;
AN, ecf () WA/, £ RGBT H B
PEFH B BRI A e gk v LR .
A 2 B XA s JE FH I H G H 0o S8R S PR
o, R m R 0 SN, FRATH mj+e(e M
SR/ IEBORACE m, Hm+e KRB M., KA
KO RIH j ELHETFSE, ENERE
P ecf (j) XFERRIT A AR . A tih Tz,
AR BN T P RRA

(1) A =1, IXEFAHYS T4 ATt s 0

(2) 2 FHUIE S ecf () A%, —MORUE, ecf (j)
MR, A BUS R, ecf () /)y, DDA B /N
{8, 4 7F ecf (j)>0.5 BHHUAS/NF 1 09E, &BHCNF
1 AfE . BARBUEINR 1.

x1 LHEUES ecf (HBIXR

ecf(j) [ 74 7£ 1 IX. ] =3 [2,3)

[1.5,2) [0.5,1.5) [0.3,0.5) <0.3

A HUE 3 2

1.5 1 0.5 0.3
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MR, MR B H T EE, A W HRUE AT i
A v s B 1 8 L e s o T = MG SR
WEE R 220597 2R 8 i R, mlid
MR 1 T A TUBUE ) ZE IR 45/

i3 3PLM B9 {5 B B BT AL, A5 R
5 X3 BRI BUE . TAE CAT (i f2 o,
T8 TR TT 4R By BT Al 0w BE ) S B SERE ) A 22
e, XX ERMEE, & TIRSE, EiE
231 BRI 2 0 25 1 0 R B b R X3 B
3G, DT 3 6 X3 B e i 20T H 1Y ecf () (H 72
K, MR f BB/, RSN A B A
ARy krhix e B, X ek HEETE H X 5 B R ARE
ecf () fER/INII B, P 504 BE 38 n, 5200
M 32 a-STR MM IR &, FEAXG)TIA
a(j,T,k), 3B B (i AR A pR AR o 7E BB
AR BRI, SR 55 DX 0 BEXHE L 52 0 Y pRi
BUE, BEE CAT il iy, B8R X 55 B i 5%
Wil PR, O BT A B R E 3l B LA a(j, T, k) (D
afia?Zl'Eﬂ%?‘éﬁ T &51). WY T=4, W BEHIAS

4 2

oA BB, BB B R LA aJ2 . aj5 . ajg . a(j),
FHIX P 7 3k 38 B o ke A 4 3 7 17 90 9 A e X
WHMHR . T HHX—A, T, MHEX
%Eﬁﬁ,Wmﬂﬁtﬁﬁ<ﬁmw%<ﬁzL?
JEAE ) A EEER N L a(j, T, k) X4 — g nT LA
KB IETLE CAT YA B X 73 B /g It H
AT BERE A ROR -

Chang #1 Ying (1999)1 a-STR J7 % F= W AH 7
UETE BE 1Al 3+ BOHURE B Be felf T DX 43 B2 /DN i S 42 3t
H, Mgt s e, eI o R R B —
#LI H (i 4 rough-low, accurate-high Mg, fajic h
R-L, A-H 3EW§); 7E2 (517 2T 82T L,
a-STR MYH A H] T iX A ofem, H e TR RUETE S
JErpa], REGOUL (0 H ) J2 T SR FH 3 128 R
(Cheng et al., 2009); [ 1615 W Ay 28 22 AL
W1 B e S5 B AE 7 Ak BOREU AR B (s TIAIC X 53 B2
I E ;SR 1 A A B X — H Y, B R R e
I G, AR A Y, &I E Y
WE GBI 22 ], 33X AR Y ool J2 T ik F)
T H PO 5, X 4 T4 ] R-L, A-H
FEM

EX1 SIANBAEFHREXEESILEKE

TE CAT {EZ&ub i, MFRIATEUE R, ok B

2 max f; B HAE 9l o 9 — AT H .

RFRTETUE, WA B —FE (4 =D ik
PRWEFR R 5| ARG T 0 e K A5 B2 1(fieh
Modi-MIC 1); ¥4 WS —FE 0L (HS W3R 1Rk
WS FR R 5 | A BRI 1 e R A5 B ik 2(fATid
4 Modi-MIC 2),

EX 2 SINBXEFHIZaDRE

% Cheng % A\ (2009)f)Ji &, #5812 o a5 H
Fie a 73)2 ), X a-STR B A F il B 5 B i % A
(8T 0 e SR s, Bl BRI E i R LR
N

Ajm;

XY Ran AR o 7624112 h # ARAVEZ A0
HAEA o R, FROTH A =1 i B e ms A A 5|
AR F 4% a 70215 1(f77i2 4 Modi-a-STR 1),
B0 R 1 TR ) 4 R AR IS AR R 5 | AR B
T a 4321 2(1R11E 8 Modi-a-STR 2).

SR LA b5 i A T e R, 0 B R0 ] B
VTR B ECY R, UEAT —Br B R — 2 ik
B, AR SR AR YRR B 0 RN R A5 A S TR
Bl 42, A BrB()2) R AE B (W55,
2006; HHERTEE, 2006) 00 K/ U AR

L=l sk /T)?

o1 B 16(RII S bRiETR A 0.25), 24k

T 2 4, k /R 11T )2 50 b Be k.

3 CAT Wyl

3.1 #ik B EER

T RE O B R TCE AR, T H S A
(EHABSE RN, ZPPH—FNHT CAT 35450 5 W %
eI ag s, H e Monte Carlo FEHLIRES .
A SCH Monte Carlo 48l 7 Wk #7150, ALY %L
P25 (155, 2006)40°F

()= A—#tI H 28, &S50 555
PUBRIE S . DX ESEL a AT EOES /01, M
FEZE b IRMAREIES /4, iE°A 1na~N(0,1),
b~N(0,1); @1na~N(0,1), MEES%L b AR NF45) 534,
e N b~U(-3,3); ®a~U(0.2,2.5), b~N(0,1); @a~
U(0.2,2.5), b~U(=3,3). %I T LL b PUFPREEEE S,
MHERSH c B RMa R 5 F1B A 17 [ DL 43,
it A c~Beta(5,17), H ae[0.2,2.5], be[-3,3].

QA —Htie IS8, BT SH0 IR bR

iy = arg min |é—bj |-
JERah
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FIIER i, 12 0~N(0,1),
3.2 KEMNIdiE

AT m B ER, ST ZHgaZ I CAT
I o CAT I3 — 8 43 A e A DU AN 2 3t
FEASCH R T 2R 5 1R SCHR A 43 45 1 6 58 109 3k it
W B P e A s A, At 7 0 A R FHAS 8
RIAR $ig 201 B {5 8 A R/ IR 45 A 53 it ) 2o 2 —
SR BB BE . — X RE 1 — G T AT
PRI B B, AEZ B BT AR FH DA 2% R P v Bt L4
3 B w AR, TR R EE S,
GHE ] R 5K 2 tery B AR X BCR TS (5
19930 0 595320 3, 43514 E JIWIME -3 5i+3);
MG RNWA IR EE 1 2 )5, W ACKE R0 B
X AR B AR SCHT A 2R I BE R S e B H j 7R,
Wt B I H A4S 43, B DL S 56 B R
% (EAP) (Bock & Mislevy, 1982)fii 4%k hE /7 -
R ZAIR, H RIS Es R A

W38 A2 0T DL GE o PR 5 vk A 48k i A 4y
(B4, 2006) : HPEBEIEE 1 BAH 0 F1 24 /G Tk £
MIH j SR, HAXO)ITHEROLTES j AT H
R P(O), FAE— BN r(0<r<1),
# r<Pi(0), WiZHaL7EsE j N H 245 1 40, /B0
50 5.
3.3 iFMIER

ASCHBE AT HERYE . BE AT AR IEZE |
WHARARE S . ASAEE. 2 RKgita .
M ESRCE R E &R LN R (24, 2008)
FIEH CAT Wi .

RE NI ERRTE

Recovery:li(i‘ Hi—éij‘/ N)

CIo o

Hodr N FRR g A%, C Rl i & A iR B
O Jpkit i he ) EE, 05 fCERBR i 7EE j s
WSS I, 6= 0u/C, erBtife

i=1

C AL R 753 20 (1 BE 1 AP35 1E .

BE N fhithREE

| NeTTT
Se:NZ( 12 (0i-61) /C)
izl \j=1
I BiARBESE
1< Y 2
SEZEZ(\/Z(mij—I’ﬁj) M)
=1 Vi

Horbr Mg U vt H S, my RoRIH | 7RSS

M
BB B, M=) m, /M RIRTE
i=1
J UL PR I B T A8 2R
AR Nf :éi(iﬁj N)
j=1 i=1
Forr vy Fon Bl 7R 5 J UL P MR I H
N N
MR WIRCE= Y inf; /Y L
i=1 i=1
o, inf gl 1 A5 B R, Lol i
DN B
g E

M M M
2= A=A M /O A M)}
j=1 j=1 j=1
Horh A RS § BRI, T A AR A=
55§ BRI P U BN
N
MREER Rt=2TO &« /[(N-D>_ L]
i=1
Hop, TO W2 /E i S N, TRk
M
J: TO E.‘=Zcﬁnj o My R R O
j=1
B, Cy A M A TR IR A TEER LA R

DL b SEFE bR b, I 5685 A 2 OB, T
BN TR PR ER A BN o S T U S e
SMRRCR, AT X SEag bRt i85, R Ip i
G — N (R4, 2006; BURRIAE, 2006, X2
5, 2008)FEANFECR A, AR . X TR O
LaRiUE L A L A R i =g A < 0B NG =K (S5 o S [
& ERURMSTEZ A8 b E AR 73, SRIPE L
{E; RHEMUNBE TR bR, WRRPEO 8 AR LA iy
EAE 31, & LRI TR 46 br B (EAE R
GrEE, SR B LUAE o P e 28 U W 1Y 7 TR
6 b5 UAE 23 50 T A R 58 AR FIME fe R i, )
12 LR M A JLAS I T 255 ROCR B o ez )
fe 2o A GRBANT, #7518 R WS CEF8 5 1
KA X, IACRBC Wi, WAnALR F {8
Y

Y =) WX, (5)

AL 22 B AR 52 o 1 000 56 P ot e B Af B
FORIAE o A SCh AR BOAAE BY £~ 75 i [R) 25 5
B RUIIA R A BE N 1. 249K, MR &
HARANTR], T 73550 AN [7) B InAY R B2 VPN 8 s,
SRR, 0T LA R b A Y (R R TR R
AR RIS
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4 SRR

HH, MIC FIB AL L 53 5 3= 4 e A Al
RO B 4 () 350 H B ' 3 45 4 7 15 (Cheng et al.,
2009), 1 a-STR REFEAERER 51 H LW H Z
() S BRI b Ao AN T, Y ETXT I H R ER
BRIV ITEARZ, E, ¥H SH, MLV, SHO,
a-NN . SHOF J:AF Jp i 7 i AE 5 il B G R46 br L1
BTG . P A S O ke, R IR T
FER DG BL, BT LAIX 5 Fho 2 S0 56 it ok K
MH, KB 14 GEA S5, KB 14 1A 5) 5H
B AR (RS BE), 7RI Sy Pk e, T
MIC #, I, 53 B 207 ¥ /i e L MIC, [F]
PR, SZIGET A SHO 5 a-STR 454 ik (fRifk
a-STR-SHO)E A4 (1) a-STR J5 Bk 1Y Ho # ([Al 2R
R, KEEN 32) TESESarh, B 53 J2 B0 43 B
BOECER I R 4, DN S5 B 16, REASSCIG AR
2030 o MUEE R H R el i B Sk

1000, SCH BB (B 45 00 H 280, #OkhaE )
Z40)H Mathlab 7.0 #2774z, CAT A #2152k
I VC 6.0 4i5iz17

4 ANEEHAEGE 2~F SR, JUR RSk
(1) S AR KB /NI A Modi-MIC | B AL |
258 By B G154 J5 e (SHOF . SH., SHO. MLV,
a-NN). MIC. Modi-a-STR. a-STR., M-I $&F5rk
E, MIC T 56 550R N34 FHEUECHRS A AN 56 550%
T A7) I T e g, ARAE eI H R SR R Y LA
FEbR R Wi 22, Bl AL TR B SR A ol dpe e, (LI 363K
RYREIMGTHHES R ZE . £ MIC "TINAMESN
JURRBECF il s, WIS 34 R &, 5 MIC #23k,
M0 H B YER H MIC 4. 24 a-STR 5 SHO 454
HH, BEGRIEIRI B IEK, HEA Modi-MIC L7,
HIEACEARE . Modi-MIC 7EI B ¥4 . o 48
br. DA SRS R, BRI
FHERTE . BB 1A T AR E 22 7 AR AR AR . B
HIEOLHTZHA R, WH PSS AN,

%2 1ma~N(0,1), b~N(0,1), c~Beta(5,17)BF B9S2 3G 45 R
ekt A i H feJifiliit UL 1 W gt—
T2 A5 5 , ' o s g 2 =

R PE FEUEL otk brifE 2 [IE EiLoN EER e
MIC 0.2041 12.9 47271 0.2441 1.333 173.2 0.1853 4.1727
Modi-MIC 1 0.2016 235 10.95 0.242 0.729 5.1 0.0277 4.8426
Modi-MIC 2 0.2018 25.2 9.395 0.2403 0.674 3.5 0.0277 4.9632
a-STR 0.1997 39 30.112 0.2363 0.435 23.2 0.0613 3.3327
Modi-a-STR 1 0.1984 39.3 24.206 0.2339 0.43 14.9 0.0532 3.4929
Modi-a-STR 2 0.2004 39.3 20.877 0.2373 0.429 11.1 0.0494 3.5772
[SELIRER 0.2286 56.9 7.333 0.2589 0.231 0.9 0.0569 4.6255
MIC-SH(E K) 0.1949 14 39.742 0.2325 1.381 112.8 0.1259 4.3238
a-NNGEK) 0.199 14 41.225 0.2349 1.366 121.4 0.1345 4.2609
MIC-MLV(E £) 0.1952 14 39.715 0.2343 1.382 112.7 0.1258 43156
MIC-SHO(RE ) 0.1946 14 40.287 0.2315 1.387 115.9 0.1291 43258
MIC-SHOF(E K) 0.1966 14 38.9 0.2352 1.366 107.9 0.121 4.3062
a-STR-SHO(ZE ) 0.1985 32 25.1 0.2359 0.549 19.6 0.0507 3.6451

£ 3 1na~N(0,1), b~U(-3,3), c~Beta(5,17) B B9S2 36 4E R

S IG fe it A gE| fit {J it b4 A 24 IFRY g—

HETf I FH B ¥I5) brifE 2% B bR EER e
MIC 0.1984 13.1 50.474 0.2397 1.308 193.94 0.2063 4.2968
Modi-MIC 1 0.1997 26.3 17.821 0.2392 0.654 12.07 0.0374 4.4589
Modi-MIC 2 0.1984 31.1 15.6 0.2378 0.549 7.82 0.038 4.4017
a-STR 0.1981 429 56.61 0.2364 0.398 74.73 0.1167 3.0523
Modi-a-STR 1 0.198 435 50.01 0.2373 0.389 57.49 0.1001 3.1126
Modi-a-STR 2 0.2009 453 42.805 0.2401 0.367 40.44 0.0848 3.1581
FEAIL 0.254 60.9 7.599 0.2937 0.154 0.95 0.061 4.5113
MIC-SH(RE K) 0.2013 14 40.241 0.2441 1.245 115.67 0.1288 43033
a-NN(EK) 0.2014 14 44.897 0.243 1.255 143.98 0.1571 4.2413
MIC-MLV(5E ) 0.2007 14 40.087 0.2427 1.246 114.78 0.1279 43153
MIC-SHO(E &) 0.2012 14 40.825 0.243 1.253 119.05 0.1322 43038
MIC-SHOF(E K) 0.2019 14 39.2 0.2448 1.23 109.7 0.1228 43058
a-STR-SHO(ZE 1) 0.1947 32 419 0.2346 0.566 54.8 0.0859 3.4762
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£ 4 a~U(0.2,2.5), b~N(0,1), c~Beta(5,17) B By SLIE 45 R

SIS ﬁEij??iJr N i H ﬁ‘éjﬂ??ﬁ «M'JHQ 1 A Wk gt—

R 7 UL Y571k brifE 2 [ EiEL 7D EER e
MIC 0.1986 12.2 40.49 0.2405 1.438 134.32 0.1457 3.6665
Modi-MIC 1 0.1991 17.6 6.914 0.2403 0.989 2.71 0.0193 5.0593
Modi-MIC 2 0.2015 18.2 6.187 0.2428 0.948 2.1 0.0193 5.2039
a-STR 0.1995 21.8 19.472 0.2394 0.794 17.36 0.0382 3.4453
Modi-a-STR 1 0.2001 22 12.865 0.2423 0.786 7.52 0.0286 3.8291
Modi-a-STR 2 0.1995 22.1 11.731 0.2406 0.78 6.22 0.0274 3.9337
B AL 1 0.2123 46.1 6.665 0.2458 0.326 0.96 0.0461 4.2855
MIC-SH(E K) 0.1713 14 38.964 0.2091 1.755 108.45 0.1216 3.9930
a-NNGEK) 0.1748 14 36.37 0.2125 1.678 94.49 0.1076 3.9501
MIC-MLV(E £) 0.1718 14 38.433 0.2092 1.75 105.51 0.1186 3.9936
MIC-SHO(RE ) 0.1712 14 38.947 0.2091 1.756 108.35 0.1215 3.9943
MIC-SHOF(E K) 0.1707 14 37.8 0.2077 1.744 102 0.1151 4.0104
a-STR-SHO(:E £) 0.1541 32 222 0.1874 0.918 15.5 0.0465 3.6597

%5 a~U(0.2,2.5), b~U(=3,3), c~Beta(5,17) T By LG 45 R

— ﬁﬁmﬁﬁ )\J;g S E| ﬁﬁjjﬁfr g 524 st B —

HER T FRBR )Pk FRifE % P& LN = 4
MIC 0.2 12.2 45,981 0.2409 1.42 172.78 0.1842 3.8419
Modi-MIC 1 0.1999 20.7 13.77 0.2415 0.835 9.15 0.0289 4.3649
Modi-MIC 2 0.1991 234 12.607 0.2409 0.735 6.78 0.0293 4.3088
a-STR 0.199 23.6 32.384 0.24 0.734 44.42 0.0671 3.2619
Modi-a-STR 1 0.1988 24.2 25.286 0.2405 0.714 26.45 0.0497 3.4662
Modi-a-STR 2 0.1995 25.4 21.527 0.2412 0.678 18.24 0.0427 3.5774
ML 0.223 59.8 7.602 0.2625 0.211 0.97 0.0599 4.2401
MIC-SH(E ) 0.1837 14 39.884 0.2258 1.481 113.62 0.1268 3.9746
a—NN(%K) 0.1888 14 40.858 0.2305 1.435 119.24 0.1324 3.8892
MIC-MLV(?E‘K) 0.1858 14 39.557 0.2274 1.475 111.77 0.1249 3.9603
MIC-SHO(%EK) 0.1871 14 39.908 0.229 1.48 113.76 0.1269 3.9467
MIC-SHOF(%K) 0.1865 14 38.6 0.2277 1.461 106.3 0.1194 3.9625
a-STR-SHO(Z'E‘K) 0.1543 32 39.2 0.1888 0.911 48.1 0.0792 3.5754

Wi H R prkE, (B Bz LT, N(0,1))

MRS MIC, SH %5 A A LLAEREAR, e i
D50 350 % 5 WO AR PR AR EE L a-STR 4f, a-STR H
SRAETI H BEGRPERE 7 4 MIC . SH 48 7L 75,
(A5 | ARG 10 4 B e iy v 22, B R VA
OB A BAE . BA, Modi-MIC H Modi-a-STR
FEIIE WY A0 0 st B TR, DT 7E S et 1
AL TR ARAR L Modi-MIC 2 484,

TE 51 MR G R 7 Y 3 SR s, FRATT B A
A; -ecf (J) RAEMIIT A B e £, 5y T MU rh oA
P H (a (EHEKBTE)A R, k& gl A
B L, S BT 5 JE R %, T
Le TG B A -ecf (§) 2378, 1 A 452 g 2 im0 56
Bt HREERE a (/N —S8R I B S 20 56 K B
Hom, X —nEEAEMN. T HLEHCRA B
BV R KT % R T 0T LA AT R G B R A
BB T RCIA . A L S A Ak i ) 55 S
KR, BARILER 6(FES- i 1n a~N(0,1), b~

MFE 6 Al XFTHTH . R SRR
D6 -S4 BE AR 22 AN R, IF AR5 R M S i 56
AR R A BE S i . Hoe = AR T B SE B0 45 R
FAR—Z, PRI TIR, Hos g .

SRR T AR H BB RS oL, FRATTTE
SEYGEFIE SR TN R BE R S T A H R, WH
W' (%) T8 v S 45 30 1 FH 1 Ok B LA
B8 A %L (Cheng et al., 2009), #RJ5, FRADR:4550
H B3 T HES, BRI 7,

MR 7 AL MIC A9 H BEG 30 R AN 244,
BRI 5 E A AR R, i 5 AR A
fH; SH, MLV, SHO. SHOF %575 B e f3 H ) i
EEGREERIAE 0.2 247, (AAREEEAI 5 19wl
FHEIF AR = (75% 950 H B3R5 MIC AR —F,
i R AR, M, HRE 5% H B gk
M R 60%, XFE, Ziki@ et
BAFEIORUE; a-STR 23 ffi e K py I H g2 /b,
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F6 BHERHAATHNIEE

T A R W HT 10%I0 564 B B 10%30 56 < & Ja 10%I0 561 B
Modi-MIC 1 25.5 24.8 23.5
Modi-MIC 2 27.2 26.2 24.7
Modi-a-STR 1 40.3 39.9 39.2
Modi-a-STR 2 40.3 40.0 39.0

T BT 10%IM 3G KB ES 1~ 45 100 LR AP I, 10%I0 55 BE 25 450 ~ 55 549 ALging P 554K B S 10% 00 5

KA 901 ~ £ 1000 13 B i () - 4 0 46 K BF

*x 7 SZWMBEBRXEER(n a~N(,1), b~N(0,1), c~Beta(5,17))

H]

AR 5%

~r

A/ 5%

T A5 SR s min 25% 50% 75% max
MIC 0.002 0.0028 0.0031 0.0035 0.6069 65.8% 0.9%
Modi-MIC 1 0.0087 0.0162 0.0201 0.0272 0.0821 12.0% 2.4%
Modi-MIC 2 0.0131 0.0179 0.0224 0.0314 0.0654 9.4% 3.1%
a-STR 0.0036 0.0185 0.0318 0.053 0.3784 20.3% 0.5%
Modi-a-STR 1 0.0064 0.0231 0.0337 0.0519 0.2514 13.2% 1.2%
Modi-a-STR 2 0.0072 0.0229 0.0342 0.0532 0.2045 11.6% 1.4%
Rl HLIE 0.0498 0.056 0.0569 0.0578 0.0607 5.3% 4.7%
MIC-SH( 0.0022 0.0029 0.0031 0.0034 0.2094 63.0% 0.9%
a-NN 0.002 0.0028 0.003 0.0033 0.3978 62.6% 0.9%
MIC-MLV 0.0021 0.0029 0.0031 0.0034 0.2017 62.9% 0.9%
MIC-SHO 0.0022 0.0029 0.0031 0.0034 0.2149 63.5% 0.9%
MIC-SHOF 0.0022 0.0029 0.0031 0.0034 0.1925 61.5% 0.9%
a-STR-SHO 0 0.0150 0.0259 0.0426 0.2064 15.8% 0.6%
min , max ,25% 25 s 5%
5% 5% 5%

A/ NI B B RAE S HA ] . Modi-MIC 2
SEBRREALIE AN, A0 H RS R e 0 Ok, e R
RCAE FH 23R I (7 5 S R B T BH I i ) 5 ol e
H g6 BB (B2 T REPLIR) .

ZEA UL LSRR, 5] ABEEIE 7 RE KRR H
(R, R BIE T I ARG B 1 5 R A5 Bk,
B L S B RS R, R K
FESA AN, B a-STR B4f, BE Al i
PEZERAK, 7ELLGH CAT M, Modi-MIC 2
AT AR — Pl £ 328 1 A 2 42 4 H S A0 18 R WG

5 e

ARSCAE 3PLM T 5| A B G PR 14 T 2H 0 101 3R
—RJENF MIC WMBIE, &7 15 105 W (PRI 550 P B A
X o BB BRI 2, BT X a 9 H 3142,
AT 5B R A R, (A% 5], FER
FfE BRI A SHOM G S0 A MRS, 15
MR, 5 —2K X a-STR WAETF, TTE a-STR
AN E, A il B G 2R 0 - DL BB A T HE
535 B MERE VS 7k, DA — 242 5 a-STR 930

H At 4 50 MR 55 380% o W8T 3 R s S 15 40
) MIC. a-STR. SH, SHO., SHOF, MLV, a-NN,
REALEE oA, SEREE o, I ABE G R 7 (1) e R
FEmG 2 (I 5 A IR T N34 5), MG RRAE AR U b B
I, RIS FE A — @ g, i Re Sy Al e v
MHEARK, X HEE CAT LR T 4%
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B e R ey, b Ay BUERER (2l it
MR B AR, A 5 A BB R - RE 5 0 H 2
ZHVF B, ORI S35, RS, FEAL
T SR WS (R A A3 B v, 2 PR Ry B 32 1 &)
KUF (7 FRBRE/N), Wi HLE & Bue T, Bl
WA 5 ()20 AA R, DA IR W0 55 55 . G L
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Abstract

As far as Computerized Adaptive Testing (CAT) is concerned, the issue of item selection strategy has
received more attention because of its vital role. It is well known that there are two typical selection strategies
called Maximum Information Criterion (MIC) and a-Stratification (a-STR). However, both of the two strategies
have their advantages together with their downsides. On the one hand, MIC method can obtain high efficiency
and accurate estimation of ability; on the other hand, its uneven item selection may lead to the insecurity of
examination. Meanwhile, though a-STR can improve the test security by controlling the item exposure rate, it
may result in the inefficiency of the test and failure in adjusting the discrimination within the layers. As a result,
the development of both effective and safe item selection strategies has always been a goal to pursue in studies
on CAT.

According to the previous studies, the test security can be enhanced and the item pool utilization rate can be
increased by balancing the item exposure rate. Therefore, in 0-1 scored CAT, two new item selection strategies
are proposed in this paper to improve the MIC and a-STR methods by introducing exposure factor, adjusting
automatically the discrimination by stage and increasing the accuracy of item selection. One of the new item
selection strategies has three prominent characteristics: First, a function of item information (FII) rather than the
item information function is set up to combine the advantages of both MIC and a-STR. Second, the effect of the
discrimination on different stages in CAT is taken into account and a function of item discrimination is used in
the FII to make up for the defect of a-STR for not being able to control the item discrimination in the internal
layer. Third, mechanism of online control exposure is adopted. While some specific items in a certain
examination process are more frequently exposured than others, with the help of the mechanism, they will turn
out to become less likely to be selected in the future tests. At the same time, some specific items in a certain
examination process are less frequently exposured than others, with the help of the mechanism, they will turn
out to become more likely to be selected in the future tests. Thanks to the mechanism of online control exposure,
the whole exposure rate of all the items in the item pool is evened and the utilization rate of the item pool is
increased.

In order to fill the gap between the exposure rate of each item and mean exposure rate of all the items in the
item pool, this paper attempts to treat the item exposure rate directly as a part of the selection strategies
expression. And it also tries to equalize the exposure rate by decreasing the exposure rate of the items with high
ones and increasing the uses of the items with low ones. The approach differs from the approaches which only
control the items with high exposure rate, e.g. SH. The results of Monte Carlo simulations show that compared
with other approaches, the approach proposed in this paper is more effective in terms of exposure control and

more ideal in the performance of other indexes.

Key words exposure-control factor; computerized adaptive testing; item selection strategy; 3PLM



