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CAT

1,2

2

C PR R HEF R A, AR 610066) (A ATURTE K% & B L HBF5E T, st 100875)

T I 0GR B R A N 56 e 4, J2 T B LAk B 3 N 5% (Computerized Adaptive Testing,
CAT) 7 % B EZ M, fEINFIZWT CAT 1HE T, B T44 CAT W a-43 2 ik iy AR B R 4 0l H
= BB Y R 4 2 22 B BE (Stratified Multistage, SM)IESUJy 6 SRIGH SM 7k 55 H 445 (Item
Eligibility, IE) 7 Ik MHEE 4153 SMIE J7ik, FEUbIEm L, FFRERIHFT e SM| IE. SMIE, & KREIEMLE
fitr (Maximum Modified Priority Index, MMPI)Jyi% . BRI 5 {E (Restrictive Threshold, RT)Jy ik FIBR il ik 2
(Restrictive Progressive, RPG) /7 i iU T . Bk b, & AT09 008K B A 2RI N IE. SM. SMIE,
RT. RPG #l MMPI J5i%; it H LA B 2 ¥R PE 45 WO 0 MMPLL RPG ., SMIE, RT, SM #il IE J7i%; SMIE
HRT J7 75 AR b V- i ] S0k B2 A H B3 S Mok,

INFHZ WAL B IS R 56, e T, MRS R 0 H B R

B841

1 55

5 WAL [ 3 55 I 3 (Computerized Adaptive
Testing, CAT)HRHEBE iAvE HE o /K T 17 32 1 b 356 435 0
5505 H R R Hb B i BRE BE o A, A2 W
i B Pl AL & N I 5% (Cognitive  Diagnostic
Computerized Adaptive Testing, CD-CAT)LLIAF1i2
Wr BRI S A, g E A R A I R
TR IR A AR MR AN, I RE M BIT . K
KA AR W AR R 25 B [FfLs CAT
—FE, EEATEE . WG E R SRR
5 ST A T T O 6 28 1 B U] A FEAS 21 LR 4 o
Horr, S U B B e o H R A, C R F
W56 2 4 PR PR i . — 7 1T, MR, HiH
MR EOR Z . T, %4 Z [T §E 43 il
5 RN T I 55 2 4 IR S by LSt SRS K
Z 4 CD-CAT SZiZWr Pk ge:, W0 55 USRS AIG . 0 55 42
AR KRB, (HIE AN A W i 25 5L 5 B st 2
TEM e b 20, CD-CAT AJ BE28 i i KUK I 56
W52 A il AR AR AR e, Oy — 7, MR
FAE AP & — T 9 B 28 7 i BE R TAR o A2 W R
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PEANEAD & Kb B G A% 1 5 5, 17 LR ) (]
MIHERS, PR Y — LT H 23 RO AP TEBREE . i
B R B O A I A R S e 2 A 4 B AT 1 A
(7, 20115 RE/NME, THR, arask, 2012), s
T H B RAIRR W I H BG83 B 5850 AT o R
53350 B FB A AR EE 2 B (A, R K b YR 2%
R PR A B AL TR N TT N 7 o F AT I, B AR
JEE I A% T 23 R0 42 v i OGS SR I H A i
X CD-CAT AT H 2 L. — e, ks B2 A
T H BEOCHE AL A BRI 2 PRI, G B9 328 AT SR g
o7 Y4557 0 e BRI H BRI SRR

) HATMIE, f£5 CAT h&EAF LIF 52651 H
BE Ot ¥ Hl J7 1% (Georgiadou, Triantafillou, &
Economides, 2007): (1)FEALIL %, HlhnFEALRE 7
#:(Randomesque Procedure, RP) (Kingsbury & Zara,
1989) Fil 3k & 7% ¥ J7 % (Progressive Procedure, PG)
(Revuelta & Ponsoda, 1998); (2)47)2 M5 mg, 1
W a-43JZ BE R (Chang & Ying, 1999); (3)#E 6%
SRl I 8, Bl Sympson-Hetter 77 1% (Sympson
& Hetter, 1985)F135i H & 1% J7 % (Item Eligibility, |E)
(van der Linden & Veldkamp, 2004); (4)45& £ 7
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PR, 140 Leung, Chang il Hau (2003)f
a-7r 2R A CAT Jrik Mg GiEill & (5) £
W B3 M I 5 15 1T J7 % (Luecht &  Nungester,
1998). MAHh, B/MG . THRER . BRI RURETT
(201048 th 51 ARG F I H ik B ke & 7
Z Mk,

Hodv, a-73 207 VA LB J7 k52 PR L Y 1 455 ol
T H BECAR BRI JT v o B eI H X 5 EE SN
ANEI TR A H R R K2 TR S 53R KA~
BB, G T R k (k=1,2,... K)BTBeir,
k 2P s EEERE b 5 AE AT 0 BB Y n AN
H, JFse B H 82 fSE TR 3 . a-
SR ITIERIR G AT, et IR o BT H A 2
FE AL 3, (HORfE i 2 BRI B2 g e i 5 9 18
JH A&, T H B OG5 A 6 )T (Chang & Ying,
1999) . i # W AR WO AR il — > B B A R A
RS I I R B R TR, SRS
P %4835 H (van der Linden & Veldkamp, 2004,
2007). BFFEERBI, BRASHIH S8, |E J7 i fd i A i
H B E3/N T a5 T He i i Kl . B8R
BRERAT M i i FE I B A %, AR s
TR RS T H A R

FIX) CD-CAT i fdi I8 FH i) 276 A 5 Wi 2% 5 28
AT FH A% T H BRI ) (1, 2, ik,
2011) Y IA) A, BRSF-(2011) fi 5 a-43 )2 7 i Rl K AR
JeiGFR )7k (Cheng & Chang, 2009) 1 AR $ H 32 i
VRS, M 5 BRI (the deterministic inputs,
noisy “and” gate model, DINA) (Junker & Sijstma,
2001) i3t H A5 D A2 5% 2 8 T 43 J2 B 1 R 1k
(iC N SHE (Stra))Fi13E T Shannon J% (SHE) {5 & 1Y
RARBIE IR T7 % (IE 8 SHE (MMPL)). Hi,
SHE (MMPI)J5 & R F B AR Je 48 bR 75 14 19 S8 A8,
W e I H B G RAE N ME — YRR IR A A
Shannon {7 81, #3215 i 4~ H B IEIL et
1 (the Modified Priority Index, MPI)& (I4F, 2011) :
r-n; /N

r

MPI; = -(C-SHE,) (1)

Horp & i BRI H R, n 25 T 00 H B
FFBRE, N ES IR BN T8 —F
], A C MUK T A H Y SHE {5 8 &, #ilin
4 C AT 100, %77 ¥ e KR B BRI g 3t H
AR P 2R -4 v Y R SR T0T I Al PR3 L JE PR R
vy HL 56 EE & oI, I H BRI S oA,
P[] b B AT T 0 A

74k, Wang, Chang il Huebner (2011)3%F PG
1 RP JrikfE i BRI (Restrictive Progressive,
RPG)J7 v FIBE ] % (& (Restrictive Threshold, RT)77
B, A 13z I BilA 5% (the Reparameterized Unified
Model, RUM) (Hartz, 2002) {5 i % % 4 ~4h
ST B PR A T 3R F R 8 NAL Kullback-Leibler {7
J.## (Posterior Weighted Kullback-Leibler, PWKL)
HEATREIFGE o S5 SR, RT J5 WEAE e oy 1
—HUL T RPG Jrik, HEEEIHEIME L RPG Jrikiiss
R, MK B, RT Il RPG J7 I AEHE m MR G L I3
H A A FH 3 s e R Yo%, g L A
B AHIN S0 A5 (1 JE A B A . SRR AR
T DA B S A TR B 25 B s AL .

T iR CD-CAT FIRHF T A 2, AHF5E U
A O A Tk AR R 2T A 2 Fhm H 1 4%
kR, BRI, HERTAS CAT
a-or 2y i SR, R e B B R 4 2
143 2 2 B B (Stratified Multistage, SM)idk i 7 2
HK SM H:5 1E HEAHZE A5 5] SMIE J5ik;
UK R T SHE 5 B &/ MMPL J7 ik i 5
Kullback-Leibler (KL){F 8 #& . PWKL F145 4 )5 0 Fil
HE BRI A& KL (Hybrid Kullback-Leibler, HKL)
R . fEULIERE [, i SM | IE. SMIE,
MMPI. RT 5 RPG J5 %Y= R .
2 BEFHRIA RS WL R RN )y 1
2.1 DINA #&8

INHNZ W Z 1 1 350 5 RRAE | B R K
FIVEZ SN Z Bl G FR, A A2 W Ehe ) Bl 2
—o &AM Ik, BHE R T R EIAHIS WA
Hrh) DINA AV BN 55 7% 2 i) J@ vk 2 i A B
IMELR, KRR IS B R R & R
BEHLIR 2R . RIRSEFR GPLERE H | A
A A RS I R, Hl s = P(X; =
Oy ol =1); A SRR Yk E o — 1
TUH i A i PR IR A R VR % H B
K, Mg =P(Xy = 1] ol =0) o HIUH R
B

P(Xj =1laj,s;,9i) = (@-s)™ 'gi(l_mj)o (2

@ty =[] ,0% o g=1..N;k=12.., K)
H QI MER TR, N F/m 5641 7 1T H 4 K 3%
7N 5525 A ) JR AN B, gy KL EC 0, Wy H
i BRI K W =1, FW =0, a;=(a),
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2 45 %

g

Ujgyen @) R | BORIPUIR S SR A J 1 A A5
o R ERE L, W oy ST 1, S0 oy %
F 0. T2, MPalERIEH i H&NIA Tk
i =1, FOAEEZIUE AR 1-s ;. 2R
2O —ADTH | BAEN )RR ENE, I
YR H i RN g; .

DINA 55 AU () Z 58 /b, B ] 525 5 fit e
ifii H. de la Torre (2009) 1414724 T 411 DINA ###1
SR I . FIE AR B2 W AESE N A (de la
Torre & Douglas, 2004, 2008)., 4% 57, DINA 1%
R T CD-CAT BUAHCHTSE (M-, 2011; Chen,
Xin, Wang, & Chang, 2012; Cheng, 2009, 2010; T
X, 2009), FHET DINA BRI B3, AR S0k
FH DINA AR5 H S HOR AR Y
2.2 FNTMEHI B BRI A
221 SMA#E

Henson (2004) 7 SCIA 2 Wil 56 vh st 5 i fY X
7 BEZ%1(Cognitive Diagnostic Discrimination Index,
CDI) A :
cI, :mé[dz(awa\,)_lx KL (et 1, )]

u=v

@3)
ottt dlogia) = S0 (o — e )? FABLR S

o, 5 o, FERICEE . 1 (3)NAT 1, 12 W 5 A i
H KL {5 B &5 CDI #FANBUE H o 3X 555 5 2 i 34
WHHEEFLEMXESHE a WXREAN, T/,
HZ M a- o2 A B, H CDIE a SHO B
YIRS, RSP S a- BTk —RERCR . A
A3 B EELABAT AT LA FH 5 CD-CAT . A Ay 388 sk BR il 15
H S PEAIE T AT AR HI0 B B, 5ok, T H{E R
AT IR KL . PWKL , HKL 8 SHE {5 B 45 Frit
SR, IR A R A DA/ 2 e I RO R 1) 32
RZ—o Bk, HEEPERAIE ZHT, R AR
BAGTHE AL B A5 B i KN 532, BEAT LA
Pl T H AV, SRR I H o 55,
KL. PWKL 1 HKL A3 85050 «
KL@ =32 3" loglP(X; = x|&")/
P(X; = x| )IP(X; =x]a'™)

(4)
PWKL,; (&'™) = Zilzizo'og[P(Xi =x|a"™y/
P(X; = x| ao)IP(X; = x|&' )7 (ex)
(%)

HKL (@7 =322 3 loglP(X; = x| &™)/
P(X; =x|a)]P(X; =x|a'™)
7 (e (@ )
(6)
7 () = 7 o (g )LUT™ | ) R B2 52 iy
t-1 N HJEHIRRE o WERBE ., Hiy,
7o) S RIBLIRES o (RSEI0 M, 4 v, o5 H
k EMES R, 4, PR EE LU o) =
[P @) (1= B (@) o 5341, SHE it 57
Yi‘y‘ji
SHE; (7;,) ZZ::O(H(”j,t |th_l1xj,i =0q)-
P(xji=q |th-1))
(7)
KD P HE L = @) ==Y (@)
log(z; () 2 7 (e )€ =1,2,..., 2% ) I F A i, AR

B 4 B 4 T PO =g 1Y = 37 (PO =
qlee) -7 a(a)) Al 4% KL PWKL 8 HKL
PR, WERERA BORE R BRI H; #R 1] SHE
5 B &, W sEF A SHE # /)Y I H (Cheng,
2009).,

—Jithl, CD-CAT iz F SM Jr ik ik i 45 LA
TN, 55—, mAMRATURES ., $F,
i PWKL ., HKL il SHE {5 B Z R AIUIR AR
JE SRR, T AAE SRR — 00 H B ey e A A
i H ZERI UG A RS AL R KL 15 B, IR E M
ANEIN KK R 43Ry K2, SRR G 43 K
AW B o 30 AR Sl 0 96K R R AP 5 R E K Y
{E(Chang & Ying, 1999). )5 £ — 2 B A kMG
B 5 NI H T BENLERESE — R, B, A
— M, TR . S, R — R E R
TSR KL, PWKL ., HKL 85{ SHE)i 35 % 4% 5
JE Ot B mT , T A AE  0 H A AR ) R4
AT E FE SRS THE AL B 15 B, IFRE TR A
VR B (e SHE {5 B 2, TR K E) M/
IR T 53R K2, AR B I 51 5 A X
ZZJ5, )20 HAB R AR AS . 2058 F
5056 k (k=1,2,... K)B B, 7655 k ZEHA R KGR
HIW 5 AW H P EEHLERE T —ATE . S, iE
FEAGTHHIPUIRES o S5, JHI DT 75 T Ao 1000 60 24 1 -
W) S R AR, A5 D) [ 3] 2 U A

SM kS a- R RMARFEZALET: (—)
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HIA FERE BRI H Z A #0 ZE X R 43 )2, i a-43
JB07 8 RS Z B T — IR )2, ()& 5
YRR i 43 2 B 25 ST RER ], 1T a- 43 )2 1 )
Xof AL P AT 15 43 )2, T el R AR ) i 1 5
2o 534h, SM J5 AN [A] T4 H B & R PR
EREB A&, TR, 2011), ATk
M R (Tatsuoka, 2009)i 453K —37% A A &
PERYIH o w3 5T R R (2011)FRH D — R,
FEAEM 55 2 i+ 200 B s i e PR 4 2, BRR
FE“ e AR T H 2 vk, 1 SM O AR H A5 8
RN R4 2
222 IEHE

CD-CAT 1, IE 77 1 845 5 van der Linden Fil
Veldkamp (2004, 2007) 1 |E J7 32 1 AR 58 42— 3K
BRI, ke e LE R A SNFRTE i
SEEAE R H i A E S AT
A CE, JFHP(A)=P(A|E)-P(E) . RIGTEH
B j+1(j=0,1,2,... N-1)Z Il 56 = w355 e A 0 H
XA AR BRI H Ry r ™™ R
ZP(A) <™ H
rm r™.P(E;)

P(E) < - ®
P(A |E) P(A)
K@M ELR, WH i Xk j+1 Gk R
max 1...,]
wpragy <P E) g
Pt (A)
o ) rmax.F,:L,..,j(Ei)
PJ l(Ei):mIn{W’ ]} (9)
Hor,
plo-i (E_):Xﬂ“ﬁﬁj/l‘%ﬁﬁtﬂﬁ%, T H i i B AR

J

(10)
LT NI Y E LRI E v

Phi (4) = :

(12)
AP Q) A B X, BH A F o =0 # A
PIFYE) =1, %=, ¥ PI*E,) 5(0, 1)IX Al Ay FfAL
Bor Hei . 25 PIYE) KT n, WA H i A %R it il
PR j+1. T, A A R 45 B j+1 A3
Hittg il — e FlE . &, Mixsg T 8EFE ik
Feff KL, PWKL 8 HKL {5 8 i fe K (i ff SHE #i%
/NI H i 25 4 3E j+ 1

223 SMIE /3%

ZINEERAN B S I Z 7, 2/ 1E T
A B R BT A GRS it D 2 iz p R A T H 4 AR
T, SRIFIE ] SM Dy e, RIAE SR f o
H Z 0T, X528 b BT A At il 9 35T H e H1EHR
SATHEAMF B 2 (2 SHE (5 B4, WIHKHAR
EOMNNBIRHEF I3 0 K E RERHINER 3R K
BB, BT E PRI H R EAE B 5
AT H PR RE, BB
224 & K& E R % 8 #% (Maximum Modified

Priority Index, MMPI) 7%

GRS (201) 2 i SHE (MMPI) /i, %
SASEIIH i 3T KL, PWKL 8¢ HKL {5 B 211
TEAL S48 F5 (Modified Priority Index, MPI)y .

r-n /N

MPI; = - Index; (12)

ot r FoR VPR RIEHBOEE, n B8 i A
He A A, N gL E%EL, Index, nTH
KL, PWKL 5 HKL {5 B . T2, ZriEkik
BT Ax 2 v MPI (B B KI5 H
225 RT A%

R Wang 45 (2011) AT 1, RT J5 ik fe Bk
Z I 56 22 T B ' SRR T T4 1R 1Y) S KB Y
AR LT H G b i 5T il — A R, RE
FUN R AL RS t(t=2,2,... L) H L —, R
A PR B TS TE R OR (/M) (5 B i — DU
DXl A B 00 H T — A i i I H A i, 24
it KL, PWKL 3% HKL BE8, ik B4 hE S
H V% 76 [X [A] [max(Index) — &, max(Index)] 1935 H ¥4
A M SHE BERES, WK (5 B 75 7 X )
[min(Index), min(Index)+ & 435 H il 7E — E A4 A
¥ m H % . H o §=[max(Index) — min(Index)]
*@-t/L)7, L MK, ARMEMK, 5/,
D A, T H BRI S R s . Ik, BT
7 25T B ' A3 A R S A B AR, HAE AT AR Al I
B EOR RGBS, AA BT 05, B, TEEE
I H AR TR L B — T H
2.2.6 RPG 7%

2R H] KL, PWKL 8 HKL {58 &, % RPG
D7 R IERRE t U] R A (Wang et al., 2011):

i, = argmax{ (1—exp;/r)[(1-t/L)R +
Index; x gt/ L], ieS;}
(13)
XF SHE 15 B i, 4% T 201k .
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i, = argmax{ (1-exp;/ r)[A-t/L)R; +
(C-SHE)xpt/L], jeS;}
(14)

LIS EE, exp; 5 ror R H i 1 EEG
AT H LR, C & X5 SHE (MMPI)JT
i C W UAEMR, S AT, A H ST
KA FEP A E G R &R KME, B4
Ri~U(0, HY), B2 Mt 5 ug oG4 il Fn i & i
i A R, B (A I R b o ) 0 SR AR A T
IR TG, ASCH B =05,

3 ik

AR MATLAB (R2010a) M T H 4% 5 F2/%,
TR S0
3.1 REEERYIEHL

4G, Stocking (1994)48 i, — /™o L 40,
(3 H DS K Y 12 f%. Chang Al
Zhang (2002)id #E SR FHTE K1Y L], %8 TASCHY
MG B2 Ry 20, MR UEEEA BB LW H, RUF5R
B4 300 b, —IE 4 6 NMEtE, JH iRt
Z (A A B AR

HK, AWK Cheng (2009, 2010)/Y 77 ¥
Wi T HAHE . BP0 A — ANk, If
HEEGA BRI 0.2, flan, #eEmiH i
AR K WITEN  AE—A(0, D)RYREHLE T,
W r KT 0.2, IBATH | REEEM Kk, 2
HiZ&EN k., SarHmHE Q Mk,

PR, WEH S8 AR DINA #iA
TR ECE SR VEZ I H e, i LIRS, o
FE R R FIR I 2 5034 i DL IX 1] (0.05, 0.25) [ 345] 43
i (Cheng, 2010; de la Torre & Douglas, 2004), T &,
77 A 300 41 Al NIz 43 A B BEHLEAE i H S50, T
HSHHR G S5 R I3 1,

*1 MBESHHBMRARITER

e/ SN TH(E bR 2
RIRBH 0.050 0.250 0.146 0.061
RIE 0.050 0.250 0.147 0.057

3.2 MR A SRR S IR B

B 3 % S 4R A A SR FE RO BE R 0.5,
SNSUIRAS MK 50 4V 7552, 481 2000 A i)
TSR B . 4RJ5, 3511 DINA Bt
PR | ERIEA U | IOBER R, HEA (0, 1)K
BB py o WIS Ry KT py, R i ZETH |

RO RN 1, I 0,

e Q HFF MBI MRS HAE, R 251
T ZELA BRI E A BOM 98 4 T8 R Y B
WAL FONEATH 202 A A JE i, IrPist
bR A A Ja vk r o B AN B R T EE(E 60, %
34t 17 A Al ReE M E I 5 S EORAE N B
EUN

F2 EE(ER)SMIEHERDENMRE AL

&k 1 2 3 4 5 6
WH A% 82 66 77 85 80 74
Bk A% 993 986 999 994 994 1001

Fz3 EE(ZE)SMA BN B M EEEIR AL
Ja& AL 0 1 2 3 4 5 6
T H A% 0 174 93 28 5 0 0
Wik A%t 25 175 488 659 447 185 21

3.3 FNHRRASBMEITAE

it ML 2 % — ol 260 TR S S 3 A 00 s R
RE, EPOREE SR H Z 58 K RIS
(Maximum Likelihood Estimation, MLE)J7 &4t i1%
HE TR A
3.4 TABIEFFEFNNIELL LM

AWFFE R SM. IE. SMIE, MMPI, RT I
RPG 7 Fh 7 1k e 11, A — 6 187 75 40 B AR 9 KL
PWKL ., HKL f1 SHE I35 Hi5 B 2. &KIH
BEOGE E K 0.20, IR BN 20, —3eifr 24
PR S50
3.5 FMiEFR

K B T 4 L JiE P 2 8 45 K 0 o R SRR
WA . & L BN T AR PR A o
1R A AR B AL, k o E P RS
FITE I 4 8 AL, N FR RS T2,
JEYE AR SET L IN ) JE PR R R
HEFKIN

Tt H g SGR RII H Ryl A, A SR I E
BESER A DU E B . AT I B A4, gk
T H A% (BTG T 0.20 155 HANER) 22 %¢
T R0 55 A DT 45 A VR I H RO AR Y
gEIR Hi, 42 :z:\il[(ERi —ERi)?/ERi] /R H

W 2% 18 O 2 I B R Ol % 2 [H] Y 22 5 (Chang &
Ying, 1999). Ml H i BB R ER & T K
B L BRUBER R Mo 280, SR E T H g
W R 5 I BE O R 2 ] Y 22 S G T R
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FE SRy AL BE i P 1A = (R 2R A i H
MG Z . A N OSSR B h
L mgdugs:, & n] DL 8 A gl 2 i S (W] 5
B FIBRLLLN(N =1 /2153, Ryt ih5 s
Ll 3 %t g it 00 e [) 35 H (%%, 32 FHA 2K (15)
(Chen, Ankenmann, & Spray, 2003)35 il 46 & & %,
M

- L 2
T :Vser +T

Horh, M ORBIPES R, SE FoRIH YRRy )7 2
) 38k A A )N, IOT T B A i

4 4%

4.1

(15)

BARMMEMZERERFER

H 4 51, 1 E ey Ik (L3RRS
SR AR R AT BAAS S8 1 1 S o R 25 A8 R (KL B
A8, (2)F KL {5 Bk g 2 R e i, He
BAI5 B IR PR AR 10%L) | (3)RH PWKL
M HKL bR B a0 S e il 22 5, BT
AR R IR T SHE {5 B b ik 2 i R

(SM JrikBRAM)

M E AR B AR PR, N [E] 5 2 Z (A JC i kT
A M I 2 S R R A 0 S T R AR B R 22
5o ARAR AN 5 0 AN 8 P R R 2 25 N TR
TR FIE R Z 22 BURINIS : 55—, IE 7L
AR —E = T SM kIR, 5, W
B SMIE, RT Fil SM ik Mg 38, Sk e fiTxs
FAS TR M ANER A I R 225, SM AR
FIAERFROE T SMIE 5 RT ik my4s®, RT ik
R AR AL (HKL F1 SHE 15 &2 RN . =,
RPG Fl MMPI J7 ik B HIHE R LT %A 22 5% (KL BR
Ao BTN B JE RN i T AR AR A o SRR
LT RT kg A, #lin, MMPI fil RPG J7
b4 HKL {7 B Rt py A2k 0.81, fif
RT J7 3 Hpoxt i B AR =R 0.89, A |, 3K
b5 0 A A s BRI R  1E . SM L SMIE
RT. RPG il MMPI J5¥%

PRRNXFEERIF AT PE, B IE TTIEER
BRI B I H kRS B RR I E, Wik

R4 BMIEBAEOFERER

T fFRE J& P izt
Ik Eioy 1 2 3 4 5 6 F o

IE KL 0.97 0.95 0.95 0.97 0.97 0.94 0.79

PWKL 0.98 0.99 0.99 0.99 0.99 0.99 0.94

HKL 0.98 0.98 0.98 0.98 0.98 0.98 0.92

SHE 1.00 0.99 0.99 0.99 0.99 0.99 0.96

SM KL 0.95 0.92 0.96 0.97 0.93 0.92 0.72

PWKL 0.98 0.98 0.99 0.98 0.99 0.98 0.91

HKL 0.98 0.98 0.99 0.98 0.98 0.98 0.91

SHE 0.98 0.98 0.98 0.98 0.98 0.97 0.90

SMIE KL 0.95 0.94 0.94 0.93 0.96 0.93 0.72

PWKL 0.98 0.97 0.98 0.98 0.98 0.97 0.89

HKL 0.98 0.97 0.98 0.98 0.98 0.98 0.89

SHE 0.98 0.98 0.98 0.98 0.98 0.98 0.90

RT KL 0.94 0.95 0.96 0.93 0.95 0.94 0.70

PWKL 0.98 0.97 0.98 0.98 0.98 0.98 0.88

HKL 0.98 0.97 0.98 0.98 0.97 0.99 0.89

SHE 0.98 0.98 0.98 0.98 0.99 0.98 0.90

MMPI KL 0.93 0.90 0.90 0.91 0.92 0.90 0.60

PWKL 0.95 0.92 0.96 0.96 0.95 0.94 0.80

HKL 0.96 0.92 0.96 0.96 0.95 0.95 0.81

SHE 0.98 0.94 0.97 0.97 0.97 0.95 0.83

RPG KL 0.95 0.92 0.94 0.94 0.93 0.92 0.64

PWKL 0.95 0.96 0.96 0.95 0.96 0.97 0.81

HKL 0.96 0.95 0.97 0.95 0.96 0.97 0.81

SHE 0.96 0.94 0.97 0.98 0.97 0.97 0.82
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Abstract

Item exposure rate is the utilization frequency of an item. When the exposure rate is high, examinees will
likely share item content. If there are too many over-exposed items, test security and hence the validity of the
assessment will certainly be compromised. Furthermore, with a lot of under-exposed items having low or zero
item-exposure rates, the manpower and financial resources spent on item construction will be wasted and the
item pool construction will become more challenging. Item exposure control is, therefore, an important issue in
computerized adaptive testing (CAT).

Cognitive diagnostic CAT (CD-CAT) combines and makes use of the strengths of cognitive diagnosis
theory and CAT. The system will be able to provide information on the knowledge competence of the examinees
by administering fewer items than traditional assessment. Based on the a-stratified method and the item
eligibility method in regular CAT, the present study proposed and compared the performance of six techniques,
namely, (@) the item eligibility (IE) method, (b) the stratified multistage (SM) approach, (c) the stratified
multistage-item eligibility (SMIE) method, (d) the restrictive threshold (RT) method, (€) the maximum modified
priority index (MMPI) method, and (f) the restrictive progress (RPG) method.

With noting it that the SM approach is similar to the a-stratified method in item selection steps. The SM
approach, however, different with the a-stratified method firstly in that it stratifies the remaining item pool based
on the values of item information at the estimated attributed mastery pattern while the a-stratified method is
based on the values of item discrimination parameter a. Secondly, in the SM method, the remainder item bank
are stratified into a number of levels before the selection of each item, whereas in the a-stratified method, the
item pool is stratified only once before the test and all the examinees have the same item strata. The SMIE
method combines the SM and the | E method.

MATLAB (R2010a) was used in the simulation experiments to write the CD-CAT code and the
deterministic inputs, noisy “and” gate (DINA) model was applied in this study.

Results showed that: (a) the SM method used in CD-CAT produced widely distributed item exposure by
increasing the exposure rates of most items and fully utilizing the item pool but without greatly diminishing the
maximum exposure rate and measurement accuracy; (b) other than a few items, the exposure rates of the IE
method were lower than the setting maximum exposure rate, but most items still had extremely low exposure
rates and hence resulting in a narrow distribution of item exposure and the highest measurement precision; (c)
SMIE and RT methods behaved similarly in that not only could they increase the utilization frequency of the
under-exposed items but they could also decrease the maximum exposure rate to a certain extent; (d) the MMPI
and the RPG methods performed similarly with ailmost evenly distributed item exposure but at the great sacrifice
of the measurement precision.

As awhole, the performances of different methods in the order of their measurement accuracy are IE, SM,
SMIE, RT, RPG and MMPI. The order in terms of their performances in exposure control is: MMPI, RPG, SMIE,
RT, SM and IE. All in al, the SMIE and RT methods are able to balance measurement accuracy and item
exposure well.

Key words cognitive diagnostic computerized adaptive testing; measurement accuracy; item exposure control;
item selection method



