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GIDPWKL J7k. Kb, 25 S2Brl s E 5t 5 AR 05T RS S AR, #E% GIDPWKL Fik,

K{#iF
S4ES B84l

1 515

T EE AR [ A B 2 TR S AN
(formative assessment), & E R ML HEF TAEH
Ff A T 2 I 645 8, LA B 200 0 A2 A i
vk, T Ik, TAA12 Wil (Cognitive Diagnostic
Assessment, CDA )i il 2y 2 A J& A 48 T 5 — A1
PSR P 9 DA P B e i R R o THEALE
I WP 55 (Computerized adaptive testing, CAT) &
AR R ST 2, SR L) Zis H,
W58 2 A 2 %1% (Graduate Record Examination,
GRE). & E P+ ¥ #% %18 (The National Council of
Sate Boards of Nursing, NCSBN)% . FI{%& 4 4% 22 il
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IS WAL 1 3& B gG, PemURms 10H X3 Bl il

AR, CAT WSS BT A, A Il 1R BT

¥ CDA Fil CAT 553 B 35 %, REAS TR 1fE
LA 3 A AU A (Knowledge Sate, KS), %%
JE KB FRAE N FIZ W H LA A 18 7 I 55 (Cognitive
Diagnostic Computerized adaptive testing, CD-CAT;
Cheng, 2009). flf£4; CAT —#&f, CD-CAT [AJFEHA
5 AN B R A (ER A, 2014), o, RN
& PER S (Cheng, 2009; Wang, Chang, & Douglas,
2012; Wang, Chang, & Huebner, 2011; Xu, Chang, &
Douglas, 2003; EFHE, ik, 2011; HMEH, THE,
2011; VESCK, THR, REELL, 2014), Dok
SR B S IS AN AN Wi ) 020038, 3 52 Wi At 26 14 46l
0L, HBAAE CAT REMAZ OS> . CD-CAT

* S A SR AR 45 B R US4 e By, T EAAES: SWU1409433, HEMA G SRETIR F ARSI H, W E S

15YJC190003, [137 A 51+ KO (PHBFIT ERHIF L 4 % Bl
EIHAEE: ¥87%:, E-mail: happygl1229@swu.edu.cn

903



904 i Bt}

48 4

EE ¢

TEIE BUVE AL v i — A B/E A2 1k 200 RE7E TR
at FP PR U B R A AR 2 ) BhAS . i, B ERATL
3BT, 00T R A I 5 T LA A AR 2 A R R
RS, AHTHET A S A T IR 0 . A,
Q] 8 7 458 J I 55 v o A LA T2 AR T UIR S
JUMEEEE, X R R s BB G

H A, fEARZ SR, ROR B IT H W
B2 02 5 A PR AR DL -3 A 8 E B ik
(Posterior-Weighted Kullback-Leibler, PWKL; Cheng,
2009). Z TR E R POIRAES i e
5 WE A S A Rl B B 2K DL e - SR A B ME R i
(Kullback-Leibler information)f& 454, K AHE &
Bk KS MRS o (H PWKL F86R A2
(person-level)'Xf KL {5 8 =1 1AL, JA% i H
Fr iR RS BE A 52 R, J& TR e 5 (single-source
index) . 7t £ #iL %; 3 15 (Classical Test Theory, CTT)
A H 520 FE 2 (Item Response Theory, IRT)H, 5l
H A% 5T f e o I 4 1 o e, TTRSE B o P L AROG
TR PRz — 250 H X 43 (item discrimination).
T H X o R, RWIZH B RS R AT H IX 3t
e B FMICRE S 9k, o2 0 55 4 1 BT B 5K Y
HbrZz —. IEJ&3E T H X 45 B an it 8 2 7R H,
Chang Fl Ying (1999)7E% 4t CAT 2 T ##1) a
O3B o AT ISCEE I 55 B 5 R X3 B A1
AT E PR A 56 3 B K e 7 A AR Ak T A 2
KGHf, Jois MR E S B RS I H, 45 2
9 e AT BT B 7 (A R B Al T, A
i XArEE R H o [AE, 78 CDA Sk, FRAMATH %
JEIIH T R Il A E XAy B, WIS E fig
% IX 43 th F 4R 2 H P 5 58 8 VE B RR F 4R
1z H BT 2% 58 8 M 1 41 9 g ) (power ) 55t A58 R
(Rupp, Templin, & Henson, 2010), ] PAFH, Nig
WS & CTT, IRT, i&J& CDA, i H X 53 B ¥
R Al 15 8 R 5 A 3K 43 e g g Ak g
385 (EOA [a] A RS ) B S BEH5 #R o Rupp 5%
(2010) P55 13 B 845 T 4T CDA i Fl i —Lk
WH X5y e br, EEMAEW RS —RERT
CTT A MW H X Eiets, 5 —RERT
KL {7 8 4t iy B X 53 BEFR bR . 73— J7 1, Wang
(2013) 3 T B {5 B HLIS T B (5 Bk By ik
(Mutual Information Method, MIM), #4057 45

VAR 8 PWKL $5F57E KL $547350E 1 Bl 36 KS 556
HERA5 B o

FKW MIM 1R ZECL0 550 B HERZL T
PWKL, il 25K B (S @), 2 MIM
IR BT H X4 AR B

5&4: CAT —Ff, #£ CD-CAT 3 Frn; FHH,
AN R — A H B ) R I H B RE YT
CD-CAT 45 5 T HbRE B2 p 523, 80025 gt H i
by 1P T € S NE G DR 1Y NS K N Wi S E R ST
+ 435 (Wang et al., 2011), 1EZE8 RIS 5T,
A T1RG BE A B B B A R A B 20 . PR,
BT HE— AR AR R A IR, I 5 SR i A
SR, X E i B R R A . HED
ffi27E Wang (2013)B9WF5Eh, oK G 2% JE B 45
il [

A Bl = YA AR OC SCER, R DX o AR B A
CD-CAT b R IFAZ, JRFefirAlL, ¥E
SCCEEQ2014) 3T CTT 1y ALK 0T H X4y BE(R AN
AR NS T it AT T OESE, (B0 EAMAE AU
K E5 Rupp F5(2010)4& By IAUE AR, i H
WAIEXT PWKL 845 B INAL . BRIGZAb, 1 AR W3
FT KL 5 B e py3mi 5 X o B A br o R,
ARSI E MR A, B <571 (the Deterministic
Inputs, Noisy “ and” Gate, DIN A5 4 5] (DINA #5
RUZANFNS WS b dc i il P B9, 1T DINA
BRISHA D | iyt . TR, BRIy 1
VR Z0E 98 FA8 1E N e i JE A AL, f o0t 5 X
JEAR Bl AR IS, XF PWKL $84R#EFTEIE,
4 ) 2R 1 BT B (multiple-source index),
O ANFRAE « Fi T 2 S 55 PR i 3 H X 43 BE A,
(CTT-analogous  item-discrimination-posterior-weighted
Kullback-Leibler, CIDPWKL) . T KL {58 & 14
Jay W H X 43 FE i AL ¥ (KLl-based global-item-
discrimination-posterior-weighted Kullback-Leibler,
GIDPWKL). %:T KL {5 5 &A@t 2 m o H X 5
BE A ¥ (KLI-based  attribute-specific-item-
discrimination-posterior-weighted Kullback-Leibler,
AIDPWKL) ., AR Adt FVE SC A5 (2014) 2 H AL R
AT (AR SORZ 07 PR/ KLEDPWKL %), Jf:
TEMMABECERIHART, ¥ 4 Bk 1 2 PWKL
MIM TEAS RS20 2600 F AT R G Lede, DAk
D7 LR

ASCHE IR )7 N2 B SeX DINA BARL 4T
AT s, RS PWKL ., 4 Flgrpde @i ik . DU
K MIM J5 ik AT VEAIAN 20 o 5 DU 43 R 0 o
I3 AT A TS, d5c i 800 AR SCRAIT S 4
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i, PHE R,
2  DINA FRIfE 4

DINA #2512 A W00 H Rk ek B 12 s
KI(Haertel, 1989; Junker & Sijtsma, 2001), H4{%#
Pk

POXj =Tlep)=(-s)" g™ (1)

K
Forpr, gy = [ Jonc™ SEMEER BEASHR, £t | et
k=1

THUH | AR, Wy, =1, &My, =0,
oy FRRAR | T AR T K AR HE(k=1,2,++.K),
oy =1 RREAR, oy =0 FIRARESR g FRIH
| REHHRETIRIE K 2 qy =1 RHET, qy =0
FRARLE ., s IMHMKIRSH, EFRRpulE
18T IH j BHER 2R AR, g, 2
HrR IS5, BRRpREfERIH | 5
(R JE VAR MEA . — DR BRI, W%
HATBUNG s, Fl g, 280, I LB 1-s, > g,
(Templin & Henson, 2006),

3 FHICERBUR IS A4

Cheng (2009)7E 42 H T PWKL 845 (1 [] B} 16 2
T HKL f8bR, I8t BT 57 & 3P # 1Y 2R 30
MZETCIL. RV, UXAE PWKL F845H A
KS Z [A18E &5 i AU R K. 5% Cheng HYF
FEMIE X 53 BEARE Y IS &, — DT NGk i AR
N iZAE CDA H g3 H X 73 BE G WA SC 3.3 Fil 3.4
BB A1) NI E X 3 BEAA AL & T 50 H 2
i 2% 58 K AR E B (D Q JEFFh i g 1) i), &
& T HSE R KS Z A [R5 A
FE, ARG EEMET . T B S
F 1) 6 Pk i kit AT A4 o
3.1 PWKL iE#R

KL 15 B 2 i it A BER 431 22 5 g i,
B AERTRRE o P 53 A A 2588 /)N, KL (B R/,
S, Y HAUCY PSS A —FERE, KL {ES% T 0,
L FARTIAME S; P, x A t+1 DI H
MIFE L, & Bl i VR 58 ¢ A0 H R A iR
WEMIE, o HHPREES PR —F
(1=1,2,---,2%), WA j i KL 587N

KL; (&) =

201 P(X:: = x| &} 2

I=1| x=0

{3 KL BEURME R KL $8 b i3 S mi i
KS 54 rlfig KS Z [ KL #F B S8 AL, i
MOEANKREFE, Cheng (2009)Ik K, BEE WXL
W H B R K, golaR R ILTE 2 125 B,
WA AT BE A9 KIS 22 [H) A9 5 30 HE 2% 25 S S iR B,
Bl ak it A T2 KS il gtk g k., T
S, WA S BAHERNT KL 5 B B IE, =i
T PWKL J, PWKL 8450
PWKL; (&) =

2| 4 P(X;j =X|d) o
é{%log(m]' P(X;; =X| & )]'ﬂi,t(al )}
(3)
o, 7ip(0g) o L(X%, %o, % [ o) - P(ey) N
PR o EIRAER . L(X, %, % | ) AR
PREL, p(a) A KS MISEIutEse, —MEy 51,
I p(ay)=1/25, HAFF SN, PWKL f5hRk#
R E bR . AT AR R R e B A Bk PWKL
5 R R H AR .
3.2 CIDPWKL 35%5
FECTT H, ZAHTT 5 H X 53 B dy i) — Rk
B di= pu—pio HeHr, py Fpy 23l v 2 2 AR
SR R, HUEARUR R AT BERL K B OE REAE A
YRS B IE AR R X M 22 1, 22 BE B,
W H X A FE#OR . {HYE CDA Hr, IPER 45 502 L
ZHEBOSEL R, MR CTT IR ILT
BT R B A MRS 4 . R, Rupp %5(2010)f
B8 CTT (B AH, & T CDA i HIX /3 : d; =
Py, — Py o Fe, p, FARERBH | BENEZ)E
PERIEBI SR, p, R ERBH | HR0K
D IEPER IR VEE A . S SO i H X))
HIR R L JE PR AR > B R BE >,
L, A —E R H RE SR AT b X o S 48 T A g 14 il
KERITA EENEL, W d WESRSBER.
DINA #RIHfH: p, =(1-s)'g;'"" =1-s;f p, =
(1-5)"9; " =g;. HILA,
dj=(-s))-g;=1-(s; +9;) (4)
ATRVE , — N H RIS EOR R R S50
FUB/N, 208 H By BERLEOR . R, g T AR
F CTT AR I H X4 )5, CIDPWKL f§
FREGA AT

TR RS HER LTI 25%8 30% A B, (K41 He 4k
BAHEA LTI 25%K 30% 89 A i,
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CIDPWKL,; =(1—(s; +0,))-PWKL;  (5)

CIDPWKL F8ARIES H bR . R4
g Rt HoA B Kk CIDPWKL {5 5L 1 AR H 45 9
(=
3.3 GIDPWKL iE#x
Henson A1 Douglas (2005)%8 45, anSRHA11H
REASAR 4 b X Zr AHALLIY) KS, HBA B W RENS 5 41 H
X o322 SRR KS LT, A 13t 172/ H
X4y E$8 %R CDI (Cognitive Diagnostic Index). & F
j B CDI AR ANT -
2 hey,,e,)" D,
G 2 heo,.a,) ©

U=V

Hrh, C, /& CDI M4S, a, Fla, FARPITA
A1) KS, h(e,,e,) RBP4 KS Z I3 2
(hamming distance). #iil, # a, =(0,0,1,1) fla, =
(1,0,1,0), AP 2 LW HE B h(a,,a,)=|0-1/+|0-0]+
[I-1]+[1-0]=2 . # 1 D; # /"M KS ZI[H KL {5
BRAEWE | MR R CERN R 25 <2, T
Djw 7 D; i 5 o, Fla, FIOCHIICER . HIL, 45
& TR H Xy EdEtRS, GIDPWKL f54RAY 2
HATF .

GIDPWKL; =C; - PWKL; (7)

GIDPWKL 8 FRIEFRAE H AR : TR
FER PR A | K GIDPWKL {5 B 198 H 45 9%
RAEZ
3.4 AIDPWKL #5%r

Henson, Roussos, Douglas il He (2008)# 1 T
J& £ )2 1 (attribute-specific) i 15T H X /> EE 4645 C;,
ZAE PR R H | BetE X o E R E M kK R E RS
P k B2 fE (power ). HET D JRIE, C; kit HAE)R
Pk EAEZFAIREITER . Flhn, %% 3 e
P, WAFEH —NEE LA 2R TR L 8
ZH . 000 #1100, 100 #1000, 010 #1110, 001 #1101 .
110 #1010, 101 A1 001, 011 0 111, 111 F1 011,
Kl Hh, ATLATE Dy HFE R RS AR =4
Bt E R ZERITR. Mk, WH | EE kA ENE
R XA BT AT
Cj, :LK 2 Diw (®)

2" all relevant cells

HWH | BHENEEN S TWE j, W H i

JE XSS E 2 T §, K, WH i G

TIRRIALRE L 2 . ST, 258 7 o2 i )
H X3 B4R HR C; J5, AIDPWKL 8FRI9 A 30INF

K
AIDPWKL, :kz_;cjk -PWKL; ©)

AIDPWKL F8 bRy £ H bR 2 . DR S A
FErp ik £ HA ek AIDPWKL 5 B 1980 H 459
AEZ
3.5 MI &t

AEPIABENLS R X Y, HAF B A E b
bR A i FR £ () f(y) 5 eG4 f(xy) 1Y
KL fE g, HFRKRA N

VY = f(xy)
I(X,Y)—lezy:f(x,y)log{f(x)f(y)} (10)
LOGY) T XOFN Y 22 8] AR RE JE, X BE

ALY YR 25 88K Y BE RS X2 (5 Bl B
FRMXTFRE 1), 10XY) #K, 78 CD-CAT #, &
7R AT LA AR I 3 PO RS S 3 2 A 1 22 KL
i 2 (expected KL distance), Wang (2013)f KS & a
MBI 58 t= 1 B IS B (o | x ) B AR
A0)H i f(y), FLAEEET -1 BIES t 8 E
BLHY I oA p(x | x ) B A A0 HY F(X),
Jfd i s, 158 T AR B AR

1
MI => p(X =x[x,)
x=0

K (11)
2 7 (o | Xy, X :X)H

| x_y, X; = X)1
éﬂ(al Xi-1> At )og[

”(“l | Xt—l)

2K
Hodr, p(X=x|xeq)=> p(X; =Xz (e | %)=

=1

2K
z P(X¢_y, X; = X[ o) p(ey)
=

l

2K
Z P(X¢_; | o)P(oy )
1=l

P(X;_1> X¢ = X| ;) p(ey)
-

7[((I| |Xt_1,Xt =X)=
Z P(X¢_p, X; = X[ oy )p(ey)
I1=1

oK 2K
B, BUE: b= p(x lo)p(oy), h=D p(x
1=1 |=1
Xe=xla)p(e ). A, BIHAXAD)TKE A

3

by | & PO X = X[ @) pe),  POX = X[ a)hy
h| & h, T
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12X X, =
=LY S bx, X, = x| @) ploy ) log PE=X10)
hl x=0 =1 h2
1 2K
H%hZZM&p&=Mwm@ﬂ (12)
x=0 I=1
12K 2
Hor, Zzp(xt—lﬂxt =X|0‘|)p(a|)=zp(xt71 o)
x=0 =1 1=l

p(ay) =y, [Hit, AT HE

M|

_ 3§ P X = Xla)P@) PO =Xlah
x=0 I=1 hz h2

12K “
L TS Bt X, = x| 0y play log PX X1
h Xx=0 =1 h2

+hl-loghl] (13)

MI FEbRERE M H MbRMEE . DT A% ik
FEEAT ok MI I8 H B0 RS .
3.6 KLEDPWKL iE#x
TESC X5 (2014) 42 T KLED B&8U5 3k, 7
DINA FERN A] DL HA R
KLED; :argrjllaR)Ic(Wj (i) (I-7;(,0)  (14)

Hor, R ZFORYER | A 5E 85 09T A 83,

= Y e i) FoREREBH | AR
11 a/q;=0jq;

R RIPURE B F IR Z M, 1-7,(.0) FRREDA

— B PERFER B MPVRE R R Z A w, =

1-s
(l—sj—g]-)(log

. 1-g. ).
l+logs—JJ FAE, B R H
i j

SR PR
LTI, B KLED AL w; 5 PWKL 254
J5 1 KLEDPWKL i35 AT .
KLEDPWKL, =w; - PWKL, (15)

KLEDPWKL 8P 88 H BAR e . T4
i e vh e B 5 Kk KLEDPWKL B 15 H 28 9k it
1%

4 PG 1

41 #HEEM

KSR RIS, A [ 56 B 2
T H# 6 B ms . PWKL % . CIDPWKL % .
GIDPWKL %:. AIDPWKL #:, KLEDPWKL Al

MIM 3%, T 5 7% 5 [R) e R e X 3k KS Al 1S
JERIRI . Hirh, PWKL 34 ML . Ira BF R
H] Matlab 2012b #1740 . 75 248 th A&, fE#HAT
BT RS, T DASRATKE Dy A FE LA RAR Y Y
C; M C, 75 IF. TEAUIUH X 7 FE {5 B,
FLHEEMGZIERE PR EBCRI AT, SR AT LA SR R 3 A
REE . BR T —TFURIT Dy MR S5 A S R I )
PLAE, AN 1k 1k A5 i ISl A1 PWKL i T it ()
FAHIFA
4.2 MREIT

AW Q HEFFALFE PRI Z5 (N 1 FiR):
(D)fAT B G5 K (S) P AL 2 800 J, % ZXAH B ph 711 6
JEYE, B 20%M5 H %45, HATH 2%
F—NIEtE; QERGH O P EANBIEAR 50%0Y
i H L, RS RIF REs . WH P s S50
g SECEUN, TE TR, ARDTSE A E i
AFEH A K (DFE R EH B s S5 ¢ S50
FE UK 0.1, WESE R 0.05, BN U
(0.05,0.15) 4 Hi; (2)fIR5T &8 H 19 s Z40H1 ¢ S5k
1405 Sl Bl 5 v o E AR TRD, P58k e SO
0.2, M U (0.15,0.25)FHhHL, MEHE N 5
REFT 10 R, 43 591 2 s 50t 00 6 D v 46 T 6
J& (Wang, 2013), 1000 ik KS A9 EAH 1 1R = B
DINA #5512 i (Wang, 2013), H e HriE 1 0 M
FRUETES 5304 N (0, D)l REEE 4y M BUE S
S3ATHIERL, IR Ao MAREIEZS A3 i, 7
K DINA B Bk i e Jm v k B BRI ol

1 if P(ay =1/6)=0.5

ik —{ .
0 otherwise
PRt AWtsr s 2(Q ML) < 28 H
JfE) < 2(ME B > 6(HERIFEIG) = 48 Fh oL 5%
P, B2 A EE 30 IR LAB/NBELIR 22

(16)

*1 EHREHMEREHDENEMEHTE A
QEMFLEH JEME 1 JErE2 w3 JEtk 4 JEES mit e

weLy T T
5 L1 20% 20% 20% 20% 20% 20%
A5 Fus ki ik

RGN
59 L 50% 50% 50% 50% 50% 50%

Wang 25201 1)#EH T PF CD-CAT HigiEt
¥ 7 v . BRI #F B 1 (Restrictive Progressive
method, RP)Fl1 R il [ {4 & (Restrictive Threshold
method, RT). fiti 145 5 R0 B 6 B A 18 2 AH . il
290, Mo RT ¥, RP IEFEF-H Ak 11K B At H g
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DG RE DT TS A, T HASSCRY B A IR A
[IBR A ik Z R 22 5, PRI, ASCHEHT RP 1%
) SRR S B 42 ) O (PR TR IR B B, RP V3
Z WA G SCHR) o BRI, 2R FHASCHE 1 HTik
MR, % RP 35 ) ALK Wang 45 (2011)$2 Y
J i 2 = ) PWKL $8 657351 42 il CIDPWKL |
GIDPWKL, AIDPWKL, KLEDPWKL #1 MIM #5
bR, DT SEEERTEE H Bt . Horb, ey
KEBENCHRKEN 0.2, f=2,
43 iHNIERR

(1) F 14 )& 4 1) i R (Average Attribute Correct
Classification Rate, AACCR)
K N
Z[Z ik / NJ

AACCR= XM=l (17)

AACCR FZ 5T A Ja PV 2R BV O, R
ML T KA@M, 1 N AgELS T,
IAEZEEE kAR, WARPOR | ERCRER)E K
NEE, SizB R CORER)IZE 1, WX
B kA EMHMET —IK, i M gy =1, &M gy, =0.

(2) 5 X ¥ ¥ % (Pattern Correct Classification
Rate, PCCR)

PCCRzZN:ni/N (18)
i=1

PCCR % il B E R X (o = (¢, 05,,
ag ) HIR B BRI Z 8T K AN @k, A N
PRSI TS, Bk S JE R ) i
KX, Bz Z,, WRA X, =Z,, ¢
n=1; #Nicn =0,

(3) N5 &

] 56 . B SRk SR T A B AL P B AR 2
AHTRIRE B S AR LA 34 B, 3R F

J
T=>M;M, —1)/(L~N~(N—1)) (19)
j=1

Hop, THRAMRERR, M, S | 8
i P VR, 3 SRR A/, LRI R, N 2 B
K, TR T AN, T B 0 B
P T 0 i

(BRI IS A, 7 o

7’ =i(erj—L/J)2/(L/J) (20)
j=1

oo, er SR | AN ROBOER, JONET
P20 B AKCR D 2  60 1) 2 3 A,

AR5 IR SRR .y MU,
27 N, A A R (T PR 2

B LR e bRAh, WFoEh Rl il sk T 8% b oAl
FH R H
44 TRER

Fe 2 RN 3 43 Ay ALk A RN A2 Z A b 6 Fib
TSR W A AN [ 000 5 4 B RN AN W) A B R
By @R R B MR, SR AT, 7E4 R
SRS, 5 PWKL Jrik i, Hgy 5 Rk @ik
B& ) AACCR Fll PCCR ¥4 AR F2 B B4 v o 4 AR
FRE, BMELFHE GIDPWKL 8k, HH SR
A3 R B A KRG, TN 2 e 3 A HLIARKE T
IR o IR Z WY AIDPWKL J5 %, i CIDPWKL .
KLEDPWKL il MIM JikIf R 28— R
gh UL (AN AE AT BALSE R x5 R R BRI H SR A5 1
T, KLEDPWKL H#|#fER 2 T CIDPWKL 1
MIM, {H7E ] BRah i x5 AR i H L5 45 F T,
MIM 9 H 2 TR ik . B E, 1
U R ZELI 5T, MK HE, GIDPWKL
F1 AIDPWKL J5 ik S e, H AR THAY
Jridso BN, AE TGS AL S H TR R A, I
KN 5 BT, 5 PWKL M, GIDPWKL Fl
AIDPWKL /) AACCR {H 754255 T 0.025 £10.019;
PCCR {Hr 425 T 0.051 F1 0.049; 41 46 1< Ji5 4%
finZE 10 Wint, GIDPWKL #1 AIDPWKL A AACCR
B3 425 T 0.017 1 0.014; PCCR {H/ 94 E T
0.033 #1 0.022, 7 CIDPWKL .KLEDPWKL F1 MIM
ZI I A R — SR L5, B =35 R
2T,

KAR 3 52 o 45 R R W, 8 H BT & 8,
GIDPWKL Fl AIDPWKL J5 ¥: {4l il &k, H.¥y
BT HAR TR BN, 7 8 SRah i v I 54 B R
5 m, mAHERE AT, 5§ PWKL ML,
GIDPWKL FI1 AIDPWKL ) AACCR {42 T
0.025 F10.019; PCCR {43714 5 T 0.051 F1 0.049;
&A% B i 4 F, GIDPWKL #1 AIDPWKL [
AACCRE /B35 T 0.024 F10.005; PCCR {843 51
25T 0.037 F10.032. 1fif CIDPWKL , KLEDPWKL
A MIM Z [ %A BB —BUn g R, (2=
FHHRBA 2T

Q R 235 ) 1 B 20 P A 2 2 ) AN [R) 3k Ay vk
MR I TERFB 3 L9 55T, Q FEREM A J, AN
e B9 AACCR HI PCCR. Ay 3 Rt ok
Bian, s B Sk 10 B = A H AT, 7ER
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*2 EREHTAEES R ER R B EERER

W56 B BH i i LI REN AACCR  ImproveA  PCCR  ImproveP T NU Chi
PWKL 0.835 — 0.380 — 0.021 390 12.21

GIDPWKL 0.860 0.025 0.431 0.051 0.033 492 22.20

. AIDPWKL 0.854 0.019 0.429 0.049 0.031 488 20.92

" CIDPWKL 0.848 0.013 0.420 0.040 0.024 424 15.08

KLEDPWKL 0.853 0.018 0.422 0.042 0.028 466 19.08

MIM 0.842 0.007 0.410 0.030 0.021 398 12.79

o T PWKL 0769 — 0315 - — 0.021 380 1244

GIDPWKL 0.793 0.024 0.352 0.037 0.033 506 22.04

1 AIDPWKL 0.774 0.005 0.347 0.032 0.032 501 21.28

) CIDPWKL 0.773 0.004 0.328 0.013 0.026 438 16.54

KLEDPWKL 0.774 0.005 0.331 0.016 0.028 454 18.16

MIM 0.772 0.004 0.334 0.019 0.030 482 20.92

PWKL 0.952 — 0.804 — 0.026 113 11.34

GIDPWKL 0.969 0.017 0.837 0.033 0.087 244 19.65

. AIDPWKL 0.966 0.014 0.826 0.022 0.084 233 19.52

" CIDPWKL 0.962 0.010 0.823 0.019 0.029 156 14.17

KLEDPWKL 0.960 0.008 0.818 0.014 0.026 135 13.40

MIM 0.963 0.011 0.822 0.020 0.028 151 13.87

0 PWKL 0858 — 0529 - - 0.026 103 1127

GIDPWKL 0.879 0.021 0.561 0.032 0.046 263 24.88

I AIDPWKL 0.867 0.009 0.558 0.029 0.037 241 20.05

) CIDPWKL 0.864 0.006 0.553 0.024 0.031 172 15.40

KLEDPWKL 0.866 0.007 0.556 0.027 0.035 216 17.95

MIM 0.865 0.007 0.549 0.020 0.028 139 13.23

1 : ImproveA /R TSRS PWKL #8F519 AACCR 2 2%, ImproveP /R HiAAT545 5 PWKL $8F519 PCCR Z 2%, T Jill 5 &
B, NU B AR 98 H #00&, Chi R J7(E

®3 SREHTIEEBREEFEREBEERER

HUESSN; 3 BH i bii RN AACCR  ImproveA PCCR ImproveP T NU Chi

PWKL 0.812 — 0.341 — 0.029 338 19.22

GIDPWKL 0.844 0.032 0.399 0.058 0.050 530 35.49

. AIDPWKL 0.827 0.015 0.385 0.044 0.045 494 31.56

" CIDPWKL 0.821 0.009 0.378 0.037 0.033 369 24.83

KLEDPWKL 0.816 0.004 0.366 0.025 0.029 344 20.04

MIM 0.826 0.014 0.374 0.033 0.032 358 23.97

> T PWKL 0721 — 0235 - — 0032 330 2149

GIDPWKL 0.738 0.017 0.281 0.046 0.052 531 37.25

I AIDPWKL 0.735 0.014 0.270 0.035 0.046 493 32.90

) CIDPWKL 0.726 0.005 0.263 0.028 0.041 372 24.80

KLEDPWKL 0.722 0.001 0.261 0.026 0.038 345 22.99

MIM 0.729 0.008 0.269 0.034 0.045 475 31.12

PWKL 0.924 — 0.735 — 0.030 141 14.77

GIDPWKL 0.945 0.021 0.791 0.056 0.051 294 31.59

. AIDPWKL 0.939 0.015 0.778 0.043 0.046 281 27.65

" CIDPWKL 0.931 0.007 0.769 0.034 0.042 157 19.33

KLEDPWKL 0.937 0.013 0.776 0.041 0.044 246 24.50

MIM 0.939 0.015 0.773 0.038 0.042 212 22.74

0 e PWKL 0824 — 0484 - — 0034 143 17.89

GIDPWKL 0.843 0.019 0.523 0.039 0.053 308 33.52

I AIDPWKL 0.837 0.013 0.518 0.034 0.048 280 28.96

) CIDPWKL 0.829 0.005 0.505 0.021 0.037 169 20.55

KLEDPWKL 0.834 0.010 0.501 0.017 0.035 154 18.28

MIM 0.832 0.008 0.512 0.028 0.042 233 24.49

F: [ 2
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Zegkfy b, GIDPWKL, AIDPWKL . CIDPWKL .
KLEDPWKL #I MIM f§ AACCR fH2r 5425 T
0.021, 0.015, 0.007. 0.013 A1 0.015; PCCR {435
T 0.056., 0.043. 0.034, 0.041 F10.038; fEfA]
Mgk kgt GIDPWKL ., AIDPWKL. CIDPWKL .
KLEDPWKL fl MIM HJ AACCR {87 94
0.017, 0.014, 0.010, 0.008 F10.011; PCCR {4351
R T 0.033, 0.022, 0.019. 0.014 F1 0.020,
TERRFEAS DL I, i GIDPWKL I AIDPWKL
D7 VA R R, DR Lk R R ik B D 56
R, ARl AR E DR R R, AR
3 APk AR FIERS B L GIDPWKL 1 AIDPWKL
%, B BR8P IS BT AT . B R I 2
CAT J& 20 56 oot B2 55 R0 2 1 1T 0 9 A A
(trade-off)[a] BRI . B TABFFE AT BG4I,
DA JH AL P A7 200 T A2 ol A T 3 PR =2 PN A o

5 P 2

51 =B/

KSR RISy vk, 76 18 5 I 560KS B (Hsu,
Wang, & Chen, 2013; Tatsuoka, 2002; 5{#:, 2014),
RIAE R 2 BN 25 18 T LA 6 P Uk s . o a5 %
SRS [ T RS W T AT 6 ik S O, RS R 1
MK JE Mean, W56 B2 PR EZE SD, e 56
K Max Al /NS BE Min, Horp, PWKL 54E
JFELE . BT FE TR A Matlab 2012b #E47 42 4
98 B A RS DA E A B 5 (R PEAR FE B R A - B
BEANTR] 114 35 A0 5 Wk Gt 22 S5 i (2 o) JFG At 2% 2 350 A
A]), 5l s R ek RO, R 2 ) oA 2 e ) 35 R
D5 A AR R R, RO 7E [ E 2R A
FERY, AV R, RSP P A A A 3o A
I, K, TERFSE 2 h, BRATR G HI v
K BE, 2 HCEAN IR T3k A D 56 8 P 156 10
5.2 MREIT

TS 2 SRAAR KLk BU, — > Fh A i 5
AT B A 2 3E ad AE W KS 5 SR MR 40 A P Y
KRB GEAE Prs) e il ¢ 1145 B (Tatsuoka, 2002),
ARWFFERIL NG LG 3 NKFE: Pig =07, Pig =
0.8 Fl P1g= 0.9, HALMFBIZE 1.

A% . FBWR A EIF (20154 T 3 FAEK
CD-CAT 13t H B4l ik, Whocas i, &
B RT BAMEIER RP BAEDT H BRE R Ay k-
FEAEST RIS, T simple VEAFETE LIS, I
FERAET I, Wi, A8SCE simple P AE M8

1 CD-CAT Hr iyl ik o WA TR K
CD-CAT R Hid K, 59CFR1E oL s ik, 48 3¢
BRI g6 K EFRBEE N 30 M (GRE S, 2015)simple
VA R T 1B A AR e LABEOLAR®I A T f; TR
HWTF .

Mmax —M; /N
f="0 1 (21)

rmax

Horr, v A AUVE Y S R I H B G R (R 5T
B 0.2), my S ES AN 25 T8O TR, N
o3 INUE S ESYNG  8
5.3 TN IERR

HTE5E 2 FWESE 1 B AN E, B, At
SR VEAN T8 b 2 & 5 0 (RIS O, 2B F5 7
PI 55 B Mean, W3 BEAbRIEZE SD, fRAK
5K BE Max /NI B B Min .
54 MRER

e 4 IR 502 6 P BERISEmE A g6 (s TG o PR
S5HRTA, 5 PWKL Jriditibl, gy 5 Rrik i F3
Mg BT /D, Forh RS KSR J2 GIDPWKL
Tk

M 4 ERTTLUE H, B T 4% IR 56 4K
LAk LIS, KRGS AT, HAy 5 Forikm
BRI FEEALT PWKL J5 ik, fe/Nllgh K
1 PWKL AZE T L, %45 R EHHA 5 Mok
PWKL F ik PE R« #6 EL A A [R]00) oKS 2 B
AT LA S AR 24 1 e R 35 K

5 AIDPWKL., CIDPWKL ., KLEDPWKL i
MIM # Lt., GIDPWKL HJ~F-# I 4554 B 5 PWKL 1)
SR B A B 2 22 R R (BRER 5 hRJE 1T
AN, TARTEEE HECE AT 0.47~0.87 Z[H], 4
5 PHIARBIERT R . ZREEREW, 4 Mk m
MIM Y36 AL 0, A6 A R A I 364 S b,
RRERE I DR H IR S PWKL J7 vk A R A4
iy )i

(AR AR, NSRRI, RE 20k
FERE Pog BYIE K, P-4 50K BE RN RN 90K B2
R, ZEERM Hsu ZQ013)MIHFFEE R —3. Q
R IV 235 ) R R JBT i 1) 2 5 e 3k L Rl 39 SR S 1Y)
D ge At IGO0 . Bian, HHEE Q ML, M H
JoT R R, TR0 6 B R e R I B B R /s Y
2 B H B i, Q JEMESS MM B, SR 6K
JE RN RN B0 K B /N o 2 SRR, 78 SR g il
Q R AN H A, o i 5 i A A o RIS Y 0
/N Q MM Ju b
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R4 TREEHRNTUNEKENGEKERMSME
PWKL GIDPWKL AIDPWKL CIDPWKL KLEDPWKL MIM
LRI Py
Max Min Max Min Max Min Max Min Max Min Max Min
0.7 18 5 18 6 20 5 17 4 18 5 18 6
S-H 0.8 21 5 19 6 21 6 21 5 20 5 21 6
0.9 28 5 24 7 25 7 25 6 24 6 25 7
o 07 3% 7 30 s 30 8§ 30 7 3% 7 3% s
S-L 0.8 30 7 30 9 30 9 30 7 30 8 30 9
0.9 30 10 30 10 30 10 30 9 30 9 30 11
o 07 27 33 s s 4 21 a4 a4 s 26 s
C-H 0.8 30 3 25 5 29 4 26 3 30 4 28 6
0.9 30 5 27 6 28 5 30 3 30 4 30 6
o 07 30 4 30 6 3 s 30 s 3% 4 00 6
C-L 0.8 30 6 30 7 30 5 30 6 30 5 30 7
0.9 30 7 30 8 30 7 30 5 30 7 30 8
VE: S-H 7 (o A MR BT R AL, S-L FR BTG5 M RGBT R 24 45, C-H /R S A5 M M B R R4 48, C-L 2%

IR RS AR B i 5 .

S5 TR TONIE A E R T EFREE

PWKL GIDPWKL AIDPWKL CIDPWKL KLEDPWKL MIM
SRR Py

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

0.7 8.77 1.92 7.90(0.87) 1.67 7.98(0.79) 1.69 8.09(0.68) 1.93 8.05(0.72) 1.89 8.11(0.66) 2.02

S-H 0.8 10.31 2.26 9.55(0.76) 2.11  9.62(0.69) 2.16 9.64(0.67) 2.43 9.58(0.73) 2.17 9.77(0.54) 2.61

0.9 1229 2.80 11.66(0.63) 2.55 11.81(0.48) 2.68 11.89(0.40) 2.91 11.83(0.46) 2.69 11.85(0.44) 2.80
o 07 1616 485 1550(0.66) 435 1573(0.43) 439 1571(0.45) 481 1573(0.43) 480 15.790.37) 4.92

S-L 0.8 18.38 549 17.84(0.54) 5.10 18.01(0.37) 5.07 18.31(0.07) 5.33 18.17(0.21) 5.24 18.06(0.32) 5.23

0.9 2292 545 22.15(0.77) 5.34 22.35(0.57) 5.34 22.53(0.39) 5.30 22.34(0.58) 5.39 22.61(0.31) 5.40
o 07 892 265 8450.47) 252 851(0.41) 2.56 $74(0.18) 2.85 872(020) 273 8.66(0.26) 2.64

C-H 0.8 1047 332 9.79(0.68) 2.83  9.80(0.67) 3.08 9.81(0.66) 3.20 9.86(0.61) 3.25 9.83(0.64) 3.11

0.9 1233 3.59 11.77(0.56) 3.30 11.85(0.48) 3.52 12.06(0.27) 3.78 11.94(0.39) 3.60 11.96(0.37) 3.61
o 07 1689 595 16.19(0.70) 597 16.53(0.36) 5.63 1672(0.17) 589 16.67(022) 5.70 16.51(0.38) 5.73

C-L 0.8 19.26  6.27 18.53(0.73) 5.96 18.67(0.59) 6.10 18.90(0.36) 6.26 18.74(0.52) 6.35 18.97(0.29) 6.45

0.9 22.68 6.27 22.18(0.50) 6.01 22.13(0.55) 6.04 22.14(0.54) 6.31 22.34(0.34) 6.42 22.12(0.56) 6.34

{E: S-H R AR A H i 415, S-L m B85 M R B B 415, C-H Fon B A4 A B H Bt 4145, C-L 3%
IR ARG TR A B A, 455 B RIS PWKL 845 TR I038 1C BE 58 i bn T P ae K =2 22

6 HFFELEIE

ASCH TR T RS PWKL FEAR{E T
B KS S5 5010 BTt i (5 B, IF RO 7E1E
oA H e AL A I H )Z A B, K,
PWKL J& T HRETE bR, RS, ASCKREuEHR AL fin
FEE BN H X >R A S PWKL f5brH, Xf
PWKL $8br#EAT THEIE, 1T 4 Floph il 205 vk &t
$& 5 : GIDPWKL . AIDPWKL . CIDPWKL Al
KLEDPWKL #8%5. 73— 5T, 4 Wang (2013)
FIBFRES SRR . MIM 18 RER4r 206 45 F RO
LT PWKL, 55 7 M 46 B By, 3

Wang A A\ IR 5 e B E 1 i 4548 T MIM (1R 3L,
H Rt A 97 85 MIM 2 [H) 159 F e ge . R,
A S A RAUAIE ST, TR R H B G ERR |
REWKTIX 6 PR EARR LA T R,
FAFE LU 4538

(OWTEE KIS 5T, RIS 558 4 1 oy el
AR 4T3 73 LA K MIM 7 3 9 - 35 i e/ ) o
RINEE TR PWKL J5 i, 4 flopi iy rth &M
I GIDPWKL, PCCR fx KIE IR =k 5.8 N E
Oy A (7R S5 F < TR H x5 ), X WA TE
1000 AZInESEINS H, b PWKL Jyriknl £
e 58 N
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(2)FEE K g 1 5 T 4 K 25 s 45 R 3R
Y, IS R, BT TR . R
IFi)JE GIDPWKL Jrik, ZJ5/& AIDPWKL Jik,
iMi CIDPWKL . KLEDPWKL Fl MIM J5 ¥ (4 3 bifi
LSRN FNITASF] o IG5 R, i () 25 RO gt
T I 55 47) 39 0 2 e 3] A LRk, BB A8 i R ok ik
K'S ) iy 3 BE

G)FEE K 56 1 50 T 4 K 25 i 45 R 3R
W, BUE PR e, BT e, R
IFi)JE GIDPWKL J7ik, ZJ5/& AIDPWKL Jrik,
H4y 3 A7 (CIDPWKL . KLEDPWKL F1 MIM)
Z B I BA I — BN SAEE R, (1= 1R
HZETC L. IREE R, TH X5 B AF BT LA,
W W IZAE A 55 — T T Y S A B e A R
DA R 9 KS A0 R R

(4) Q JEFEZE 4 By 52 A 52 i 2 AN [R) 228 A0 5 s
MR, MWL R AT LIE Y, 5 R R L,
52 RE5RI Y Q FE R TR R AR B T VR L H, R
BT R T RE A R PR AT 2% A 0 5 1 B

O)FEAE KIS SR, 4 FE i X MIM )°F-
K EAL T PWKL 5 ik, RIE A
GIDPWKL J7i . 45 KR el 1 /0 i)t
Hik3 5 PWKL J5 AR R A ok B2, S0

(6)IEMAAKT , 4 Flugi i LA S MIM 4 . PWKL
RIGF . BFXST S, 76 4 ok, CIDPWKL
A KLEDPWKL ® % B A~ 41 GIDPWKL Al
AIDPWKL, X[} CIDPWKL F1 KLEDPWKL
BRI H X o3 B AT, R T I H 280
R s Al g 280, MHAKRZHERET D, A
SRRy E XA, BePR AR IX o E B .

ASCHEH Y 4 iy s B X BEAE
A PWKL b5, $&& 7B, — > R4F
1) 358 Ry ik A s M 7 T2 A TE [ I S BE i, B
B I MERR, BCHE [ I S04 B A, B A /b (gl
KB, A RB RIS T IRN %A 22 A o IRIPESL
YO 2E A, ASSCHE Y 4 T 7 vk A s I 6
B, bb PWKL Bhnmsl. MR ikghis, ZIEERE
TR S SRS . FEE K IgR , GIDPWKL J7
B FIMER R B Y, RS KIS, GIDPWKL
T BN A B R b Y, R, 7 SEBR
I 2T M R fe = ) GIDPWKL J7ik .

7 W KkEE
A6 e 2 (RN 2% E00 H HAJEA X 43 0 £

E(multiple-source), REMEIPXTHEA KS FIMERTHE,
A AT AR BRAEDN S0 199, b B 22
i MIM (MIM 2 Y i 7 450 0 46 v 2R 90 e - 1 7
%) BRI H X 43 T30 H 7K (item-level)
FROE, AN&Z 35 fd KS A5 1HE o 52,
REfE RN PWKL MKH a MGG, T8k Sis
brl@ T 204805, MR JZ T FUE 28X A %k
BRI T T EAY, BEfS L PWKL RO Z01E
B, Rt E R EE, Wil KS AR &
HRE o MTE 4 FT ik h, GIDPWKL $8hRINLE S
R, PR ZIEIRAE & TP KS Z
B KL 15 B8, MM KS = [H] i1 BH B 25 44
AEar, WE THEZEEIEN. FEF, RyggsRnr
DIE W, @H PR, fa 7o E X AR
BT (= p AN SR M Ry 1A S T S o S L L iodl W S A T
B . JUHORTEA RIS, B R RE RS
DR H IR RS PWKL Jy i A R i sk B, X
FE S B o v B R R SCRPE A T LA
SR RRAR AR (R VR 25 A AT

A SR Ty b 3 H X 43 BE AR B R BL e
PWKL f&brHr, BAg 74 N rgs R, A 4%
2] LIRSS A 7

(WARWFFALIE T DINA AR R Ih 02 W
BRI AT ST, 1 gl A 8 (Fusion Model, FM)#%
AR HRTEAR S Wi iy, AR SCH 1Y) 4 FPog
AR FM R B, ¢l 2 CIDPWKL B0
{EAFE— 2058 76 FM Hh, T CTT BAER I H
XA IR PR AR A IR, T T

K
dj =x, -7 [ ryc™ (22)
k=1

Hop, 7 MOH RS, vy AIH | ESS k
ANEbE ER X

QAR FE I K % g — SR G A A&, B
WN 2 F A (Mao & Xin, 2013), 2% V-7 Fl g 1
5 (Cheng, 2010)55 K 28y kB2, A nl LA
HEATIX 7 T BIFSE o

QYA T I NI H X 43 BE A EEXT PWKL #47
MIMCHE, R ADESE AT L A g5 vk . il an,
Al LA HE Rupp 25(2010; P242)4% By I8 A v
BREY T, BT ORI B MR HELRAE AR, &
SR R HERRHER PEA T INAOT 15 AR -

2 £ X #
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Abstract

Interest in developing computerized adaptive testing (CAT) under cognitive diagnostic models has

increased recently. Cognitive diagnostic computerized adaptive testing (CD-CAT) attempt to classify examinees

into the correct latent class profile so as to pinpoint the strengths and weaknesses of each examinee whereas

CAT algorithms choose items from the item bank to achieve that goal as efficiently as possible. Most of the
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research in CD-CAT uses the posterior-weighted Kullback-Leibler (PWKL) index due to its high efficiency.

The PWKL index integrated the posterior probabilities of examinees’ latent class profiles into the KL
information, and thus improved item selection efficiency considerably. However, the PWKL index only used
examinee-based information to assess the relative importance of each latent class profile. The current study
attempted to take advantage of not only the examinee-base information but also the item-based information that
could be readily obtained from items. In a sense, the PWKL index should be regarded as single-source index.
This paper introduced four new multiple-source item selection methods, GIDPWKL, AIDPWKL, CIDPWKL,
and KLEDPWKL respectively, which can be modified from the PWKL index by combining the item
discrimination information. Two simulation studies were conducted to evaluate the new methods’ efficiency
against the PWKL index and mutual information (MI) index in the DINA model with the exposure control. The
effects of different factors were investigated: the Q matrix structure (simple vs. complex), item quality (high vs.
low) and test length (moderate vs. short).

Simulation results indicated that: (1) In most cases, the shorter the test length was, the higher AACCR and
PCCR values the four new methods would have in the fix-length test. The GIDPWKL index had the highest
average attribute correct classification rate and pattern correct classification rate among the six methods, and
followed by AIDPWKL index. The performance among the CIDPWKL, KLEDPWKL, and MI depends on the
experimental conditions. (2) In most cases, the higher the item quality was, the more advantage the four new
methods would have in the fix-length test. (3) The structure of the Q matrix affected the performance of different
item selection methods. (4) In the variable-length test, the mean of test length across all examinees for the four
new methods and MI method were all smaller than those in the PWKL method. As a whole, the performance of
the GIDPWKL index was the best, and should be recommended in practice where had the similar testing
scenarios.

Key words cognitive diagnostic computerized adaptive testing; item selection strategy; item discrimination;
exposure control



