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ETETMEmAIAISHIES A E

wOE

XA

(' PERE R LIS, R 400715) (o [ Rl E0R TR DU B R QR O PR R AR A e, TR 400715)

W B FUMZEHERE (Multiple-Choice, MO)IZIW R B32 8 T 5GE, 4 TH0UE 825 IEAe AT LIETH2 W
RIBE o O T IR AN S BRI T IR A BRSPS AT S AT L, LARGE T T IRGOKF- 1/ VA IZ W 6 15 358, Aot
FePE i TARS RN Z 002 W5 vk AR SAERTE R R W] - (1) MC 56 8 A SECRAERRZE ST, d)_je
EAEZ RS T RBUL TS HSGS WAL . (2)2 MC W T8 H ZHUFE R ZE R, d )y SRR (3)
JAERTTE P AES RO M S HEBI 10 2K — BB, d )y BEESIE AT B 05 A i P B AR S PR AR
SRR . 5, FET MC Wil pRe S g i o TR

XGRS, S, THER, ESEaskk, DU

HES B84l

1 55

Lo 5 B TE T K A IS, © i pRiE
U0 PRSIk B B — AR 5 B i o AE SR — G 56 2
EHIAFIHZ WA (Cognitive Diagnostic Assessment,
CDA), HLEVEM 27 A= 78 FI S 38 J7 T 89 0 45 3,
T A AP R AR . PR, WA A 22k
AR A (Knowledge State, KS)J& ™AL Z2:10
LTS, ATIAKEAE, WA RS 25 o

HRfliit2e4 KS M ERAM RS, —KES
BTk, —RERIESHOTE. WA RS 6k
B AR TERE ) 58 H S50 o A eE Rk, B
INHIZ Wi A (Cognitive Diagnosis Model, CDMs)
I, 5T 2 A I AR T e {EHX A
PRAB R AT MO CAn B8 . VR R A e . S8
ARV, HUEME ARG, S8 2Rk
MCMC Bk, FER KK, RiEG T/MNEARR S
(FBE: 4F,2018; FRHEI 55, 2015), CDM FZALFE
B AR A (LCDM; Henson et al., 2009), |~ X
DINA #5#1(GDINA; de la Torre, 2011), |~ 2 Wik

WA H #: 2020-11-02

AI(GDM; von Davier, 2008), DI S Tfai 25, 4
DINA. DINO. A-CDM. RRUM %, J&# i N
ANFEFHIR, PRI TC 75 % g A AR R A T BRI, ELA
THO7 (PR EE, I IS & /NEE A2 Wi (Chiu, et al.,
2018) {H B JCEE R R 22 EAEH, Jokig 3
BRI G HR bR . AES O W 3 224 R Pk
(Chiu, et al., 2009; FEFAE 5%, 2015; ¥84& 55, 2018).
15 85 4] W 5 (Chiu & Douglas, 2013; Chiu et al., 2018;
FREAE 45, 2019) AL 2 21 ik (2, 2019)% .
AT FTRAE kA0 2 A e i g5
FOVE & BG4 RE e e KS. 241, 7& TIMSS.,
PISA. NAEP Fl TOEFL Z&tpufEfbilist v, = 3 il
UM Ve 5 (Multiple-Choice, MC), K MC 5 H
AT A3z F R0 (Thissen & Wainer,
1993) . BEfE 42 = I 45 {5 )32 (Steven, 2004) . & T4
Hit e . RE8 W 2 4 45 7 i 75 oK (Osterlind,
1998)% . {H H X MC /8 H i {ff FHRCR AR, AU
TR T IEMA RIATIr, 20T RiEfFET
T A Y2 Wi 5 B (Thissen & Steinberg, 1984; de
la Torre, 2009; 25X, 2014; XI#1, 2016). 1E50dE47

* E K E ARG T AR T H (31900793); JU RT3 r [ SR Al 280 A T M B I 15 s i R R 85 F 1 5 H (2019-06-023-

BZPKO1); 1ok 4% ARl 55 2% & 101 9% 43 (SWU2109222) % Bf

BAGVEE: ¥87%:, E-mail: happygl1229@swu.edu.cn
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B R BB AT IRIE D, AL X000 50 2 1l 14 B
KIR 2%, H2FRALIARE J) A A THRE BE (Bock, 1972;
Thissen, 1976; Levine & Drasgow, 1983; de la Torre,
2009), N TAESFHTIS AT HRIUE B, 1ESi I MC
E I, AT EEXS A A R AT i, BT
Pt . 3R 1 BT —18 4 DLW 7 BO0E S
el ZEELT 340 @M S1 R, S2
ST, S3 251, WOl TR 3 DR EA REE
FRIEME S D, AHERT S2 |k, Stk
A, #HERT S2 M S3 @k, Mk ki B, il
LA, B TImER g 22 Wi, it i
TAHIH AR, BRI

®1 IR 5 BURE R B

4 7 &
1212 S1 S2 S3
A 23 v
12
1
B 2— v v
4
C 1= v v
12
3
D 1= N v N
4

. AWK de la Torre (2009, pp.166—167)

N T FE A MC 192 W5 B I3 B MC %,
e 4 T HIR ) MC-CDMs. 411, MC-DINA #%
#I(Multiple-Choice DINA; de la Torre, 2009), 3T
PEI0JZ 1 /) SICM 4% %l (Scaling Individuals and
Classifying Misconceptions Model; Bradshaw &
Templin, 2014), 250§ 1Y Z2 BE B FNH2 Witk AU (2=
¥, 2014), HET 2 PERUEIZ H ) GDCM-MC #i#
(Generalized Diagnostic Classification Models for
Multiple Choice Option-Based Scoring; DiBello, et
al., 2015), DA Je = A-45t9 161 MC-DINA A5 #Y
(Structured DINA model for multiple-choice items;
Ozaki, 2015), FRBIRLE FSHRITk, TEAER
FEATERL b A REARAT LR i 9 S Efh T H 45 2R, i
HAEH 2B MCMC 53k AR # B 2811, 1E40 Chiu
E(2018)45 HH, CDM W iE A T ARHUBLM 86, 2K
HHT/IREAR, EIEPERK T b B o fes 2] i
FErh, KA ARG 1 SEAN TSR . B, AT
FERE B REAE I A/ IMEEAR R, O HIRRETE 0% 18
MC & H 5 B IS Eae Wik, BfERR
& MC 8 H B2 B D8k, SCREE T/ NIERLB Y12
Wr F A5

2 MEGARZ KL TS

WHETETIR, CDA W iAES Ik 2 R
B BB IR FIALES F S ik . BIOTE MR RR
JETETARZE UM )T, B JIG 72 40 7 3R 245 21 14 2831
i KS S2MF—Fh (Chiu et al., 2009; Guo, et al., 2020).
BLERS 2R R R TE T, 287 TL 5 BEAR AT AE UL
PRk, DA AR B 5 X R I 2k ph 28 M 2% (2212,
2019), s xF iy BT B AR KRR B 1 52 e 2 W 45
I Bz ik E R R T EAALE Ty . TR
ML F 5, Chiu F Douglas (2013)42 H T 3 Fh T
BB R 28 1Y 9 2 43 2 (nonparametric  classification,
NPC)J5 i, 42 i B W BE 2 @, inA B
B d,,;, ISR RS d ;o B0 335 A (1)

J
dy (%om) =Y |¥; =] (1)
j=1

EERSEBRAEELE R, 0y = (s ) NBER i 7E
K
J IR H R, oy =] ek - KR

k=1
W% B AR SRR TR k-
PR, AR, oy =1, B0 ay = 0. g, e Q
Ve, FoREH R B E TRk Y
i, gy =1, 0 g, =0 BRI
e e A B B, R X
FAE {2 B BF AR B KS B9 7T BE SRR RS, PRt T
Pl A 2% KS
J
d,y (Y1) =;ﬁ|nf @
ARQIATBCLIIER, , F 1S
WA IE0, % p, B (s, I X
SRR B 1 X 43 Jy A, PR A T
Ko HAKB S LA,

J
dp () = 3 eIy =111 Y =17 |+
Jj=1

J
D WLy, =011~ | (3)
Jj=l

ARG HIETTDIIEEES, w, Flw, 5351 o %5 Il
FIRALEE, A1 A [7) A 6] B 85 A /I ) 52
(Chiu & Douglas, 2013), FUEE iYL 37 5 X F et
FRY )R AT Ry B R AT A R AR AT REME AR AE 3
RZEFEEE, DTEZEXS R4 T R 3 KR T T AN [
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L

53 %

PR . N, FEJFRrEE E b, ol LA T RETE
REIRBE T 50 JE PR A X H, 25 T4
19 (BIXHRE 17, = 0, ¥, = V)T Z2 YA o 25480 F 119
B0 R BN T RRBB, How,>w o Hw, =
w, = LI, AR IR 28 S5 M T fa SR R S

FifiJ55, Chiu Z5(2018)7E NPC J:hill F42H T X
2 K0 /1 95 (general nonparametric classification,
GNPC)J7¥k, B AESHBON RIS B J7 i T LI
kb P P 2 R AE ) S A BE 4% L o fH GNPC J
R EZMEE R, HRE LR, GNPC Fl
NPC 1475 K HERGVEAE A [RS8 5 2514 F & A = K,
GNPC A JEEI i B WAL H, PR A AR 50 35 ] i P
RS B, ®PEAE NPC Jemt I & 16 T MC
BRI AES BT

3 MC I RAEZS KTk

BTG5 NPC AR, ARWFFE42 1 T 3 Fpof ik
BT RETE B AES B . 28 H j B 0 ik
Ti, 0= 1,2,+,0, BIXAIVEZ SN ] 4 ¥ B E2RTE
AR A2 dm i, Y, RHPROCR, Rl
FERRH j i o I BERRIF O, AP iesE Tk
TWio, MY, =1, MY, =0, MC %
REVE ny, PTFR N

£,
@:%ﬁP{FF%i )

k=1
K; 4
(@ =4 jok)
M = | 1227 (%)
k=1

K RmH j TS BN, B K <K,
B g 1R AOCE 0 EHORKIOCE 1 mETHEF,
DU S22 T 1 @ 1 A K; JEME(de la Torre,
2011y, Bldn, Mg, =10, K;=2, JA,
‘Ij'a =(q01-903) » ] Fx KP4 (collapsed)g &, H
XFILHY KS RIAT 8K A HIAE KSo g, R BH j 1R
W3 o LXBIE K BIBENEOL, HHHET, qju =1,
B g0 =00 7y, HTHIWHGER i 7R j LY
45 KS HikWil o Fr % g)E Mk Z A o8 2 — B,
Myo =1V FARTEL—B, M 7, =0 o 5, 19 H A ZHE
BB BE ALY 20 15 ) B 2 0, g, BUMEA 1
e T R Oy, =1, HA@QPIK i 2%

K;
PBRLH j B —AE i, BE I—H(l —ay)=1.

k=1

B ARG LA, FA 400 78 H j Bt

4 KS Sk o Fr B4 E M2 )58 42 —5, HAH
T ESCRE IR, A g, =15 R EREE
A KS 5065 o I 55K E M 2 [ R SE 4 — 3L,
SEOR | BEHLEIIRS, A g, =00 L, AR@)
T LU 3R MO BRI o FFemg s R R, BB
L (N

TS PR A 225 RN AR AR 285 22 ) 1 3L B B (e
AR S BT MC R AR SRS T v, 4 e
s dyopges dyprics d paic BB o 3 FIGHT 7 L 109 1X 51
T, T Yy 2 B B A R El, R
Sy ZE 3 I
31 d, ,cBEE*E

d)y_ e BE B TR A RE B g, 7E MC @AY | (1)
), T Y, 5 g, PA—BUTRE M AE . X
J7 v o LI VR 250 Y, R AEVE S gy 2 Il 4 L B
B LLE A

J O
dyrie Vo) )= D> 1Yy =105 | (6)

Jj=1 0=l
o 3 R A R R — T, XA Y,
5 A—BOTR I UEHEAT T BoR A, B AT45 Y,
oy, Z W00 d) e BB
32 d, ucBBE
d i FEBS RMAC IR B d,,, 76 MC 8% |-
MIHES, HFRIKA

J 0
* 1 *
dypyic Ym; ) = zz—_ 1-5.) | Yo =115 | (7)
Jjo

j=1o=1 Pjo

Horb, P, FR I H j P HEI o (Y L,
e AR A UK T
pjn(l_pjo)
RIRLEE o 45 p, BOR(EBN), T2 F X X5 e 4%
TR o AR BEREETN o BB IR 1Y E J1 i,
HEHAE LA . R, Chiu #1 Douglas (2013)
FESMAL B B 2 rp o 25 18 31 78 S B il 56 4 55 v A7
15 p; = 0 WTHLL, L2 REACE R38R 0.
b, ARBFTOR LT O T 8 p, AR A BN B L
11 0.001,
3.3 d, e EEE

WA SCHTR, Chiu 1 Douglas (2013)4% Hi f4%
SOCH RS, AR T o A )7 0 2 154 5 A B £ 7
Z T, 0, Y E R A SR AR /N (T O, R
LR T INAT R NI 4G T EOR BUAET, B w,
BLZIE AR . ABAEE TR TE o B S AR w, Al
w, 815 Ay RV AR [R], 2 A A R 22—
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B PN [RIRR () A AR BOR 22 S i, AT A A
FCERNGZAR o P, FF AT DUV RS d ), HE ) 5]
MC 55, 5 25 8 R AN TR o i H B AN [
MAETIRCE o d e BEES T RIE LN

J o
dprie (Vo) = ws, [Zl[y,, =11 o =150 |] +
Jj=1 o=1

J [
zwg] [ZI[}/’] = 0] | ytja _771]*'0 |J (8)
Jj=1 o=1

0
Heh, 7y = g, FITFHIBTHOL R A T

o=1
HARE RS, CAHOR i /e H j L4 KS 5¢
VUL T j iR — BT B R RS,y A
T 1o ILDARTEREL SIS P PIE S, R
[\ 1, FRNGRE 0,2 1y, =1]=1 8RR & A KRR AT
N, BLEETRBRAE; WY Iy, = 0]=1 KRN %A
FEAT RS, D2 FARFIIACE . R, 5 —0 Il
i b AU H R ) AS A7 AEBOR 22 50, T [ 5E ws; =
we,; =1, W d e BEBS SR T d)_ 0 BEES

4 BT —

41 WREH

AW FEAU R I S - RIS XK 512 W
BASA L, 3 FAESEOS WA & R A BRI X
Bk KS 1Ak TR EE .
4.2 HIBEBERFAR(ERER)RIEEF

R T A AR B, S BRI, 2
HASEAES 2 WIS s WL GA (Chiu & Douglas,
2013; Chiu et al., 2018). AWFFTHEEL Ozaki (2015)
Fr 4 B 4549/ MC-DINA #%1 1 (MC-S-DINAI,
MC1)F145#5 1k MC-DINA #i%! 2 (MC-S-DINA2,
MC2). KA 4 F R L HA MC-CDMs B8 i iy
T, AR RS R BT, MC1 I MC2 112 B
K B2 2R T MC-DINA #i%l(de la Torre, 2009), &
PERE MC3 BRI R . ERRIALN MC2, H
[ MC2 T4 2% A, ARFFE e MC2 1R e fE:
B RIS S IR, MC1 A Ry H fa 37 1 B ) 45 SR
S8R 3% MC1 AT MC2 iR 47 T B4

X MCIL, #it i S5 j 15 o kI
WEZEN

0-1 o ©)

o, gy, BRI AR T, 7,
BT S AR S) I, 8, S48 H Ay =i

1 ;i
L 9 ) A=)
P, =1]a) = 7;(1-8)" (—f] b1

SR, TR A RV EC . KS AR~ 50
IR, RIS EE TR, AMER H, MCI #iRIH
M H A —AS5, I R R A s
X MC2, #k i SEBREH j 5 o MEEITHY
BER A
(1_74‘/)

ﬁ 1"7@/0
- — Tiio i
P(Y;, =1l &) =y,;(1-5;,) [aj +T(10)

5 MC1 AR Z AT, MC2 [ H 2415,
SE SRR IR I, P AR [R5 500 B A AN [ 11 < 2k

o
BEE . B = 5, TR B M A 1
o=1

BF, VA e VT B e 0 HE R . Y ERAEVES N
0 vt MASA0 N I gL
HARF5 5 LRARK(10),
4.3 KWt

RGN 4 WE T2, 4 MHAARS
BHEREACE (N =30,50,100) . 1 HKJE(J =10, 20,
30 . A H BT (R U R L IR ) RN IR (MC,
MC2), AL T, Rl 3 FdE 2402
Wiy 5 2 s s AL s e ke, Tl ny A
K/JBVEFIMER . RS Ozaki 20151 [F K4 A T
PLIUE By Q JEME, B s AN mik, sk 2
Jiis, 22 WP BT Rn % 8 MR R i il 5 521
UL, LSS 23 8 g In 3 i, g = [21000]3%
B 4 AT e iS4 ) S [11000] ., [10000] ., [00000]
FI[00000]. 48 HKFEE R 10 BF, i Q MMM 5
10 /8, 2480 H KB 20 1, ] Q 4 FE Y J5 20 15,
H K R 30 1), fl A Q Hikf . MC1 il MC2
i MCMC FE T 2801, 76 R il 24
fliih, H MCMC &% &5 Ozaki (2015)tH[7], H A
SEAE AR R (H/NT 1.1, R3] T U Shrife .

ik KS B ML I0IEA B {E A (Chiu et al.,
2009) A= &, DT IR T2 N T NS S
Hi(e.g. Chiu et al., 2009; Chiu & Douglas, 2013;
Chiu et al., 2018; Chang et al., 2019), HJcE X —4>
KTtk 0, =(6,,0,,,0, ) VERWeit i 74 R P
ELLEEIIH, 0, NZITIER S MVN (0,X)
R, B M E A AEXT LT E p IR R
YRR IS, RAFFTRE p = 0.5, FHLIF R &R
J& #H % (Chiu & Douglas, 2013), X 1K FiR

1 0.5
X=
0.5 1
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*2 MCHEHEHFFHMEHBR Q B

MH

&
1 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30
A1 1.0 0 0 01 60 0 0 0 2 21 2 0000 0 0 2 1 3 1 2 2 00 0 O0
A2 0 1.0 0 0010 0 0 1 0 0 0 21 1 0 00 2 2 1 0 0 0 2 2 20
A3 0 01 0 00 061 060 0 1 0 01 0 01T 1 01 0 o0 2 2 0 2 2 0 2
A4 0 0 0O 1 00001 00 0 2 002 02 01 02 0 2 02 2 0 2 2
AS 0 0 0 0 1. 0 00 01 0 0 0 1 0 o0 2 02 2 001 0 2 2 0 2 2 2
B KS HAH a; = (o, s ) PTE SN - dy_ye BB IRI . I A SCEREFR 100 ¥k LA
Ll.fgikzq)_l(L} B 2%
%k =1, K+l 4.4 iFMiEtR
’ otherwise. i 55 20 34 o 3 (PCCR) F1 - 1 Ja M ) o 3
i @71 () ARMEIE AT MER 2 B R B3 R AL, (AACCRYVEN I KS MR IE, Aol
o4 EMLARE I, FrRIE Z 738 iiW
MR MCL B, 85 0 B H 2405, M ACCR— A= * an
U(0.1,0.2) A= g, AIRBT A H B9 2 EN U(0.2,03) N*K
AR, MRS MC2 B, R R H S5 iﬁW
S I U(0.1,02) F AR i, I S5 4k F5E H B9 2 50 PCCR - i " 12
U(0.2,0.3) A . 7 38 vE R, FEREILT Y — N
o, TR S SRR B TR E R E Hrp, M55 30 ¢, 5 B8 oy M55,
ANAFAE R 22 5 (8 [6) — 23 A S B A A= ), ] Wy =1, {WwW, =0.
BOE dy e BB E T TA B A ETIREY S 1, 45 #HR
dopyc BBEIEFEM T dyye» WILERACE B FIBM T EBIE R MCL R, P22 W kA
3 FHISUR T BRI R R B M R (B ) MC))
PCCR AACCR
MEFR BARE AR
dy_yic d e MCI MC2 dynic d e MCl MC2
1 B 10 30 0.784 0.710 0.763 0.703 0.918 0.884 0.906 0.896
50 0.783 0.701 0.749 0.690 0.916 0.883 0.900 0.889
100 0.789 0.703 0.757 0.704 0.922 0.888 0.902 0.896
20 30 0.911 0.893 0.896 0.888 0.968 0.962 0.930 0.928
50 0.911 0.895 0.879 0.863 0.976 0.962 0.918 0.970
100 0.912 0.895 0.905 0.896 0.973 0.963 0.921 0.968
30 30 0.957 0.947 0.979 0.964 0.987 0.984 0.992 0.991
50 0.951 0.934 0.973 0.966 0.986 0.980 0.992 0.989
100 0.954 0.940 0.976 0.970 0.986 0.982 0.993 0.983
R 10 30 0.575 0.495 0.498 0.450 0.843 0.798 0.814 0.799
50 0.588 0.501 0.505 0.428 0.843 0.801 0.820 0.788
100 0.590 0.501 0.518 0.420 0.849 0.806 0.828 0.784
20 30 0.802 0.768 0.742 0.655 0.933 0.919 0.917 0.888
50 0.798 0.762 0.742 0.651 0.935 0.921 0.919 0.889
100 0.793 0.760 0.752 0.671 0.930 0.917 0.922 0.892
30 30 0.865 0.849 0.820 0.757 0.964 0.959 0.952 0.935
50 0.868 0.845 0.837 0.777 0.965 0.957 0.957 0.940
100 0.874 0.853 0.848 0.801 0.967 0.959 0.961 0.947

I MAERRZAN TBRKRE
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ANFESAE T AR ROT 4 8 MR Sk
FFE, ERZHEEMT, SESHEETTLM PCCR Al
AACCR %5 TS HSMAL, Bk UL, —, BH
JoT X W A2 W 7 B A BRI, R 5T
FIMERE S, EE TR EENT, dy_vye EZ5
1B T 2 Ak, H PCCR AYYE A 0.783 % 0.957,
AACCR WYL N 0.918 & 0.987; TS HSHiR
M, MC1 BRI EAL T MC2, H: PCCR AL 4
A 0.749 = 0.979 LUK 0.690 & 0.970 Z[u],
AACCR 78 Bl 43 BI7E 0.900 % 0.993 LA K2 0.889 &
0.991 ZIH]; dyy_me MRIUAHX A 2E . 7EAR0
HAET, dy_ve J7IEIZWIR BE e 4+ 7F
BRI LR BURAL, H PCCR MYEHITE 0.575
% 0.874 Z[H], AACCR MyE[ITE 0.843 £ 0.967 Z
B dppe 5 MCLERIAH T, HPCCR AT 5
MIFE 0.495 % 0.853 LK 0.498 F 0.848 ],
AACCR 78 Bl 43 BILE 0.789 % 0.959 LU Kz 0.814 &
0.961 Z I8, d,, ycfEJ =20H30 K1 PCCR & T
MC1, FRBIAEEH BB AR, #5780 H 0t v 45 5L
B2, AU B 0 FIME R 2R T2 B L, MC2
FEAIR T B R IARRT 25 . IR G5 R, B H it
X} MC-CDM [WsEM K, dy e TE—EFERE 7]
LR i o AR IR S 258 RS RS R B 5 i

St

Wk, e, REE M HEEN 2, WKW
NSRRI AESE T, HARENN 7, MC-CDM X /&
H Bt i A8 AT hndgosk . Bln, 76 @ B 4R,
J =100}, dy_ye RIEAR, H PCCRTE0.785 414,
AACCR7E 0919 £ty HALR MC1 FEAHIR] 2614 T,
PCCR 7E 0.756 £ 47, AACCR 1E 0.903 45, fE1E%
PR, YRR T2 20 B, MEEIFEEZERE, dyvc
) PCCR #£F+% 0911 /4, AACCR 7% 0.967
Zity, BEALAL MC1 ZEMFSMET, PCCR 7%
0.893 /& f7, AACCRIETF % 0.923 247 1iij 24l i 42
Th&E 30 B, EARRN RN G BRE, dy_ye
PCCR £+ % 0.954 &4, AACCR &7+ = 0.986 /&
#i, MC1 fEMIRI41FF, PCCR T+ ZE 0.976 247,
AACCR #£7+%E 0992 A4, MCl1 KB T
dy_mc o TIFEARBT 50T, Joie i H 0t dnfe) A2
b, dy_ye BEA B HIER, XHKRERT
ESE2 Wi AL AL B B s . Hak, 78
B E R AR U D R, PRI A
TR O B, (HRE S R B AS B i,
ZRETE AW e /N, R AE S R g LT, MC-
CDM R B2 B i, X 1d WA H 850 XF 248
Wi R R R T XEHESEO s, b
AR X A2 W Ik I T SR AR N

B, BHBCEXSEAAESEZ W ik & FABRMT BRI MC2 i, W22 Wi 51
R4 FELEHAZHERFERTEEH EREHEH MC2)
PCCR AACCR
BHEE SHHE HAE
h-MC dyhomc MCl1 MC2 dy yc dyhyc MCl1 MC2
=5 10 30 0.772 0.700 0.746 0.697 0.915 0.884 0.904 0.896
50 0.781 0.700 0.747 0.701 0.917 0.880 0.900 0.893
100 0.788 0.705 0.753 0.705 0.921 0.889 0.903 0.897
20 30 0.907 0.888 0.887 0.888 0.966 0.961 0.935 0.967
50 0.909 0.892 0.884 0.905 0.965 0.959 0.923 0.972
100 0.911 0.896 0.886 0.916 0.967 0.961 0.923 0.971
30 30 0.953 0.938 0.960 0.976 0.985 0.980 0.991 0.991
50 0.949 0.938 0.966 0.973 0.985 0.981 0.989 0.992
100 0.952 0.936 0.972 0.973 0.986 0.981 0.987 0.993
95 10 30 0.566 0.501 0.490 0.424 0.835 0.798 0.807 0.787
50 0.580 0.493 0.497 0.424 0.841 0.797 0.815 0.786
100 0.593 0.501 0.516 0.422 0.847 0.803 0.823 0.786
20 30 0.787 0.752 0.723 0.642 0.931 0.917 0.915 0.886
50 0.793 0.761 0.744 0.656 0.930 0.917 0.917 0.889
100 0.792 0.762 0.754 0.666 0.931 0.918 0.921 0.892
30 30 0.872 0.849 0.830 0.759 0.964 0.957 0.954 0.935
50 0.873 0.846 0.844 0.777 0.965 0.956 0.959 0.940
100 0.873 0.848 0.849 0.797 0.965 0.956 0.959 0.945
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AR AT ) PCCR il AACCR 455, HFEM 5 H
LR MC1 B Y 25 5 R ARAI, . 4K ok A,
dy, i BRI Bl o

5 B —

51 WMERE®

H il 8 4312 Wi B RUBIF 53 A2 R 11 B 5 X
FIE R i, R B S HOh S (E, S
] — T & A3 A P o 10 Chiu %5(201 884881 H 284 [ 5
7 0.1,0.2 F1 0.3, Ma Z5(2016)F— 3 4 v %) 58 H
Jii i 2 R AE U(0.05,0.15), 5% U(0.15,0.25) 35 [ Py,
XA — 0 D0 g v 8 5 o i TR AR IS
Berh, — 005 B A AS [ 2 H rl e S AE i B AFTE
BRES . Wik, AR5 T WD BSE, SRS
—f5y MC 56 R OR )8 E A 5T A AR R 22 S
ESEZ Wi kR,
5.2 ZIigit

AWK 3 WEE 2L LI, 3 A2
B REA B (N =30,50,100 ) . I 56 K B (J =10,
20,30). LM BB AI(MC1, MC2), W50 2 5B 43 i
HZ%6, NU0,0.1) AR, JmFia B 2
B, NU0.2,0.4) AR, T TRTF 808 H 55
R, YA X e H R AR SR, AT

FRIIRES, PILTE dy, e 73 T BERE B2 35 40
R 8 D BRASCER wos , O7 SRS 17 i >4 9020 R L 1 J
AR, B A R o AR R A ws;
AN T IR IR ws; BYBUE BA 7275 B HTADF
FEAE ARG, b2t Z R IR IR R, A5
R LM E R T2 AR 23R B R ARAE ws, BUE A 2,
Ja 2R 43R B SRARKE ws, BOE 1, B IR E
wg WEN 1o HRFAT SEAUNTE— R .
53 IWER

52T HMZWITIEEARE ST B
FIMER P JEm PERER . (TR KT, dypome
R F A, PCCR £ 0.647 £ 0.943 Z[u],
AACCR 7E 0.868 % 0.986 Z[i]; dy_yc 5 MCI [
KWWKz, BIT=100F, dy_ye BIHEL, HEH
BoE Tt E 20 5% 30 B, MC1 FEBELE, HEM
PCCR 43 %7 0.623 % 0.908 LA KX 0.578 & 0.939
], AACCR Z3r%I7E 0.820 & 0.970 LI M 0.847 &
0.986 Z[al; d; wve Al MC2 FHXT E B 22 . 56 K
JER MRS R T IS W ARG B, HX S5
FAER P B FHVE TR R, T A 0 564K B mT L4 /s
SRR EAESEOTIE NI . FEAR X2
U A TS FE A R0 s R . BRI, Y
MC 5 H B AF R 225, d e ¥ KS

*5 BEREFEBRRESHEFENEXAERTBE AR
PCCR AACCR
AR AR R
dy mc Ay e e MCI1 MC2 dy e Ay e donnc MCl1 MC2
MC1 10 30 0.631 0.547 0.669 0.596 0.523 0.865 0.820 0.877 0.858 0.835
50 0.644 0.549 0.675 0.605 0.518 0.866 0.825 0.877 0.856 0.822
100 0.645 0.543 0.678 0.623 0.523 0.869 0.825 0.880 0.866 0.826
20 30 0.839 0.812 0.888 0.857 0.796 0.945 0.935 0.964 0.958 0.937
50 0.840 0.817 0.882 0.859 0.800 0.948 0.939 0.964 0.960 0.938
100 0.844 0.819 0.894 0.877 0.829 0.947 0.937 0.967 0.964 0.946
30 30 0.904 0.878 0.938 0.930 0.906 0.975 0.968 0.986 0.984 0.978
50 0.904 0.883 0.943 0.933 0.916 0.974 0.968 0.987 0.984 0.981
100 0.908 0.891 0.942 0.939 0.925 0.976 0.970 0.986 0.986 0.983
MC2 10 30 0.623 0.546 0.647 0.578 0.512 0.866 0.820 0.868 0.847 0.825
50 0.638 0.548 0.672 0.601 0.521 0.866 0.824 0.876 0.858 0.827
100 0.643 0.548 0.676 0.621 0.519 0.870 0.824 0.879 0.865 0.825
20 30 0.834 0.803 0.886 0.853 0.801 0.944 0.933 0.967 0.957 0.939
50 0.836 0.808 0.897 0.862 0.817 0.942 0.931 0.969 0.959 0.944
100 0.838 0.808 0.892 0.868 0.828 0.944 0.932 0.966 0.960 0.948
30 30 0.905 0.879 0.942 0.925 0.900 0.973 0.966 0.986 0.982 0.976
50 0.906 0.884 0.942 0.928 0.909 0.974 0.968 0.986 0.984 0.979
100 0.905 0.884 0.937 0.933 0.924 0.974 0.968 0.985 0.984 0.982
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BH 1 BH 2 BH 3 B 4

A 1 1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B 1 0 0 0 0 0 1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0

C 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 1 0 1 0 0 0 0 0 0

D 0 0 0 0 0 0 1 1 (1] 1 0 1 1 0 0 1 0 0 1 1 1 0 0 0
WH s BH 6 BiH 7 WH 8

A 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 0 0

B 1 1 1 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0 0 0 0 0 0 0

C 0 0 0 0 0 0 1 0 0 0 0 0 1 1 0 1 0 0 1 0 0 0 0 0

D 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
B9 HH 10 BE 11 BH 12

A 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

B 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

C 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 0 0 0

D 1 0 1 0 0 0 1 1 1 0 0 0 0 0 0 1 1 0 0 0 0 0 0 0
BH 13 BH 14 BH 15

A 0 0 0 0 0 0 1 0 0 0 0 0 1 1 1 0 0 0

B 1 1 0 0 0 0 1 0 1 0 0 0 1 0 1 0 0 0

C 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0

D 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0

T DAL IOk IE B A S BRI,
AR A T4 B A i o 226 .

EAHERRE, AT B R By
MC2, ] MCI A4 2 i e R4 28 T MC2
fEFRIZER, SZAPFR R B AR, X
U B2 0 58 vh B T R S (R 22 R R I
MC1 HYRIE S E .

6 SEIEAFSE

6.1 #(#EIAA

A G S UE B SR 11 e e A R 2 e v P
PR R 15 R, ke R 607 A H
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JE(GF 0018-2018) ) H 5 v [ S 1 2 2] 35 i bl 32
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3V BR A, Z TN AE B A R A E
M —Ek, BIEHER w R, 53] w=0.938,p <
0.001, R Q FHFMEbRE 1Y — B4 . Q HFEan

43 A P P 22 W 3k et S UE M EA T 0 # o
J T IHEIESE2 W 5 F MC-CDM 1R, S
% Chiu % (2018)M ikt OFHEIESE T ESE
MC-CDM 532 —8utk, 4P o 28—k

N K
D> My = éil

PEAE R (AAR = S , o bR 1

FORMER 1 MINER R A THE, AR 2 ok
55 2 FpOF AR AR R, 02K — Bk 1

il[df =d;]

. ke
), MBS

( PAR(K = 6) ==
N K
Z{Zl[d}k —421= 5}
k=1
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@ITE WIS W7 Al TH 15 2 A B v S A R AR
JE 5 B B ODE . T d e TEPI BT ST
R BN, BT IR SRR TS R AR T dy e
AIEER

VP A B R TR I SRR R 0 R S PR A S (B KS)HEATSR AN,
[11100] 89 B3 1) AR FE BEiC Hh 3.



1040 N H

L

53 %

6.2 WIRLGEER

7 BN T AR B =R — BRI
HE, [RIZEAIRIZ T i Z A o 28— B E AR B T
., AES BT S MC-CDM. 22 Ja] il 43 25— S0k
JEE A B ARAB A AL F R K . BRI, MCL 5
MC2 Z Jfi]f{) AAR, PAR (K = 6)LLf PAR (K = 5)
Sr31 092, 0.71 F1 0.94, dy_yic T dyy yie Z I
AAR, PAR (K = 6)LA S PAR (K = 5)%%I4 0.88,
0.61 1 0.92, dEZ%Ur7%k 5 MC-CDM ) AAR 7E
0.84~0.86 L, PAR (K = 6)1E 0.51~0.59 AL
FElN, PAR (K = 5)1E 0.87~0.89 H3E BBl N . H:vk, #
He T dy e dop e 5 MC-CDM 15325 — B MERL
W AT MC2, MC1 5B 507 1 2 —5
PERREE R, H2ERR/N . BRRUL, &12Wirik
Z A1) 53 2 — Bt R B Ay, i[RI 2R AL 192 W 7 ik
(] ) — BCPE R B T i

J3Eh, TR T PRSI A TS 20 JE PR
SRR TR S BRI A G . b, dy e N
0.779, MC1 & 0.745, dy,_yc 0 0.743, MC2 A
0.740 AT LAE Y, dy e RIEAEF, MMCL . d)_yc
I MC2 BERMA2E, H=FZ MM 2E5R/N, %F
GME, % EEZ0 5 8 A5 2 (K=6) il 46
KJER R (J=15), 12 W78 Z [ o3 28— B e
JETE R HE3Z I A .

7 eSS

7.1 WiEESRE

TERIAE G —h, M H R 30 HMH
Fiat iy, BRI RCR G TAES i, WAE 20 8
10 AR, BEARIHURY2ZETFIES k. WEk 3
Fi7R, MC1 Sy BLBERL, FEAS IRy 50, A8 H T A%
B, WSS BN 30 REBGINE] 20 BERT, dy e TR
) PCCR F[% T 0.070, 1ii MC1 RFET 0.095, 56
KEEM 20 R FEE 10 B, dy_ye FTIERY PCCR T
F% 7 0.210, 1M MC1 FFET 0.237; [ SRR

20 MR, BH B R RE AR, dy e TR
PCCR FF&T 0.113, ifif MC1 FF&T 0.137. 7655 H
Jo R A 25 B K B A i, AR S B0 IR R
TR, LT AR 4 JE PR 0 50 1 B A H o e X
235y EANR A T N DO | 23 @R p-A T L)
/e iGN, 7€ Chiu %£(2018)H, LI DINA A&7k B
ORI, FEREAE N 50, JEMEECh 5, BIHFEEH
FEMEAIET, MMM 50 8RR 30 i,
NPC 7% PCCR FR# T 0.150, DINA AR N T
0.170; 7E[EE 30 MR, & H i s T R 2 s,
NPC 771 PCCR F& T 0.230, DINA B N T
0.290, FATHEM, £ MC JIE, 24800 H T
BN ES FE R, TR RS 807 R i RUR 4R
Th i F XS W7 R, IS 3E S50k e
R Jo e A 2 ) 4 B A B SR A 25 b
FITiR,  dy e 7R E 5T e 55 25 I 50 K FE
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WA, MRS —H R B, 4 MC2 B, fE
T R R Y 20 LR 30 B AR, AHEL T MCI,
MC2 FJFRINTELf; Mife it & 5 iy 10 8
T, MC1 R, KBTI A & T,
MC1 PRI EE LT, HR AT RETE T, MC2 X i
o R0 564 A SR T v, A Y A
B, MK BRI, MC2 A e B 91 .
Pk, fERUITSE —, BT P8 H YRR 2,
FEMELL MC2 A, HRIB2ET MC1,
X158 B 22 0 5 v R T S (R 22 S AR RO
MCI1 B FBH InfasE .

Chiu fl Douglas (2013)#2 H F A B R 2 77
R T (A7 B BA A B Oy v AR IR A, AR Y S
F A B FE B 38 A 1 d e 72 MC U5 v
() 2 AN B2 f] BRI BE B oy e > IX R B AT BEASBE
B AL G B B BE B ) 2] MC 56 1 T4
WUZ T, B A MC B B4, RS
BCETHAR, DI A B R B 7 MC 46

®7 BEBEENSE-HEREE

Joh7 2 )8 1 o 2 — Bt R AR R 2 — B4R AR 1 B3 — B bR 2
(AAR) (PAR(K = 6)) (PAR(K = 5))
e dynic MCl1 MC2 dy e dynic MCl  MC2 d, e Ay nic MCl  MC2
dy_yic 1 1 1
dynic 0.88 1 0.61 1 0.92 1
MC1 0.85 0.86 1 0.55 0.59 1 0.88 0.89 1
MC2 0.84 0.85 0.92 1 0.51 0.57 0.71 1 0.87 0.88 0.94 1
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#3E FHME o 5548, Chiu 1 Douglas (2013)42 Hi 1 £E S
AT DU E 7k, DA A SCEFRE MC B 45 1 7Y
e TEVEF I G 30 5 8 B0 T, 48 R
BB 0 5 o TS e 2, T 6 T A
VR A SRR ., 7 AR S Y SRR
SRR MC 1A 58] 15 3800 H 19 55500 15
R R . P TS AR BRI
S B DT w, RV 1, P
FE B AT w, 0 1+ X (X W IE), 755 i
WEKRE w, 1+ X +Y (Y NIE). HTFEHK
%mm%mw%,%uﬂuﬁﬁﬁﬁ@am%m
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7 3 N TG 5 38 2o 100 552 9 T 2 R i A TN

AT MC UG rh, R Q IR A E Y BR A 5
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T, S BART RN g 0] 5 g R B SR g 17
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Abstract

Cognitive diagnostic assessment (CDA) focuses on evaluating students' advantages and disadvantages in

knowledge mastering, providing an opportunity for individualized teaching. Therefore, CDA has attracted

attention of many scholars, teachers, and students at domestic and overseas. In CDA and a large number of

standardized tests, multiple-choice (MC) are typical item types, which have the advantages of not being affected

by subjective errors, improving test reliability, being easy to review, scoring quickly, and meeting the needs of

content balance. To fulfil the potential of MC items for CDA, researchers proposed the MC-cognitive diagnosis

models (MC-CDMs). However, these MC-CDMs pertain to parameter methods, which need a large sample size

to obtain accurate parameter estimation. They are not suitable for small samples at class level, and the MCMC

algorithm is very time-consuming. In this study, three nonparametric MC cognitive diagnosis methods based on

hamming-distance are proposed, aiming at maximizing the diagnostic efficacy of MC items and being suitable
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for the diagnosis target of a small sample.

Simulation study 1 considered four factors: sample size (30, 50, 100), test length (10, 20, 30), item quality
(high and low), and the true model (MC-S-DINA1, MC-S-DINA2). Three nonparametric MC methods and two
parametric models were compared. The results showed that in most conditions, the pattern accuracy rates and
average attribute accuracy rates of the nonparametric MC method( d},_yc ) were higher than those of parametric
models, especially when the test length was short or item quality was low.

In a real test situation, the quality of different items in a test may vary greatly. Based on this, simulation
study 2 set the first half of the items at high quality and the remaining items at low quality. The results showed

that the pattern accuracy rates and average attribute accuracy rates of the nonparametric MC method (dph_MC)

were higher than those of the parametric models in all conditions.
In an empirical study, the nonparametric MC methods and the parametric models were used to analyze a set
of real data simultaneously. The results showed that nonparametric MC methods and parametric models

presented high classification consistency rates. Furthermore, the d;,_y;c method had satisfactory estimations.
In sum, d,_y Wwas suitable in most conditions, especially when the test length was short or the item
quality was low When the quality of different items was quite diverse, d,_yc Wwas a better choice compared

with parameteric approaches.
Key words cognitive diagnostic assessment, multiple-choice item, distractor information, nonparametric diagnostic
method, hamming distance





