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1989) et HRHE AN T A5 B Bl e ok (o] 5 A 8
FIAERE, "R AT BRI al v 3 7 (Kagan, 1965);
WH, DUE RN S R e (FORS B2 e, i o
B RUAS AR S g R R 25 5 R AR AR R . T L,
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53 F1 B 2 % (Gardner et al., 1959), 7Ef# ] ST,
N E T SRR AR, MR A
BT EREAREE R AT R R ) R
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A2 ) UK IT P2 AL 2 W7 SR i PR X H 45 A7 3
Kok, Hor, INHHS W by — R AR M 12 Wi
PO aR, FEIREE 2 WA G 2% 2 B0k (i, A
TR B IF SR AL AR N 19 B 5, AR iE A A2 2
P T 7% 0 (Ren et al., 2021; Tang & Zhan,
2021; EArA 4%, 2020) fEANFNZ B AL O RAR
W Z—, INHNZ Wi (cognitive diagnosis model,
CDM) 2 Wi 43 A5 A 1) & BEME S I 12 W 4 SR 1)
HERRE . AR AT iR . CDM AR —F A 2y
VAR AERY, SR T VAR SR R A A E AR
BATRHZ MR IR . M, A8 M Ry AR
(i, “O”FoRAREIR”, “1"ERER”), BRIED
R 58 B SE 2% 2 20 AT 55 B A DR 52 4 n) ) BT 5 2L
VAR RE S R EOR i 19 . HAT, EXd AR el
KB MBS R, B L CDM #iE 1 (Rupp
et al., 2010; von Davier & Lee, 2019), Han¥ Wi
DINA #7 (Junker & Sijtsma, 2001) 5 H— i {b 5
(de la Torre, 2011), &1, 4K 2% CDM T @
H 1E %K £ (response accuracy, RA)XFjH— H 1%
S0 H BRI T K (il ik, 2018), SECEA AT
HERIZ W7 RIS A BRSO e X ] R At ke oy 75 114
INENEE BE T 2E R AR 2 B, A REHR A v] S e
SER YRR AT S 2 1) A P s (14 £ 8 e
L TE 7 (B 08 2 5 ) 35 FA AR OC by, wfE DL 4
HE AT Sz B A 0 XA i DA 260 38 e 1 A HL Al DA N R IR
RS B . Hmidti, HAT4 K240 CDM $4t
() s AR B R, A RE 4 T s ek ] 24 ) Bk =2
B Y 22 5, 2R T ] BE BRI A BE X T ISR . &
S0 A ey BRA 9 AT BE R R 2 — & AL GE i (G T 4K
22500 55 11 ) A A2 W v A R 4 313 n s H AR
2 B} 8] (response time, RT)ZEE0PE .

M SEAR Bl A TR 2% A I 55 7 A K, Xt
SRR EC T RS SRR &S it
CRINGE IR SO NI P 3 S uR SN e SN[ =
B4 R F 55 (Zhan & Qiao, 2022; Zoanetti, 2010;
ZESER 4F, 20205 XIHERE 4, 2022) it FEECHE )
A3 BT AT LLAZ 4 A4S A 119 ) R ik D 3R 1% (Qiao &
Jiao, 2018), & A DAFRGEAN A Y 1) 3 fi% PR fiE 7 (Liu
et al., 2018; Zhan & Qiao, 2022). HT{, RT #IE1EH
— R AR R B R, R B AR A
iR, FRA O BT R AR A A S T R, 15

AR AR A RS B B N < TRYAERR SR, b NFROR

BT RS AT S R . C AR RV, RT S0
YENAESE RA BiEny#b5E, AR St MATE )
MR P I TR EE(E B, AT AR X TR
e 71 B9 Ak 1145 & (Bolsiova & Tijmstra, 2018; f&7ili
1K, 2019)FITEAE & 1R (4 73 JEHER 1 (Zhan, Jiao, &
Liao, 2018). SPr b, THEAHALINLE 1Y B 3h ke
575 & B 8 78 A ik e 0] 00k 2 v S I S A FR
T AR EE 1 2 AR RV R, RIZEE R, 2
BEAREAE X T [ — R X 5, Eat Z RS
I 115 28 SR AR A3 3RAS 21 10 B Rb 1 2 A S
(Lahat et al., 2015), Hb a0, BR4ESREHE N, RA 98)
L REEAE (0, RT £dii)sh, 8 i g A AL R 5k
SERG A (AN, AR DY), THEA AL 5 A ] DL ] 25
CSRIE R B . B ARIE 3 X 206 3 S A YT 4
W o AEW TR EE T TR AR SR SR B
H AR R, Hen, e ] A AR A S
5 (Man & Harring, 2019; Zhan et al., 2022)1¥, K fit
G 7K (Jeon et al., 2021), ZEF ARG SR PEEREE
bl 2 BB RAEBOR AR W K, B0 2R
B I A3 AT 2 AR A 7 A5 2 AH . ) S TR LR
B, ZBERE ) 7 Bt 2.0 BT A Y 7
K TR AR B — A I R R TG R A i 2
BESEUR TR, I, ERRMAE R, &1
Fe ARG MPE A SE, @ O 5 EE &I,
WRIE Z B BE 3 B 07 s B E 2 IR 5 ORI
SEERHTE . R, BEPEEK G R YA (van der
Linden, 2007), Zhan %(2022)3: TE A -2 9N 02
W AR AE 4 (Zhan, Jiao, & Liao, 2018)4& i T B G —)2
R RN FIZ Witk A (joint-hierarchical multimodal
CDM, H-MCDM); & KA F112 Wi 45 3 52 90 %k 45
R | o RS AR Y R A TS AT .
G L8 R R B A o i 2808 BUE A LRE o A
A 2 {3t B 4 D 1 B 5 A RE 4R R 2 TR R o AR,
Ranger (2013)35 IR A -2 PRI — > FZHIS
Jay BROZ A A AE AR 1 Z (A B AH AN A6 T 0 1, A4
AR Z W5 B A BeAH B A, 2510 A ] g
SR A B RS BT 4R A4 0 05 5 v X A 0 R
cn, WAERE I M AE TR BE (Bolsinova & Tijmstra,
2018), Xfitk, 5T B8 A 38 XA Bk
(Bolsinova & Tijmstra, 2018; Molenaar et al., 2015),
156G — 28 AR R AT IL AT AR 2 XTI — )2 A
REHHT, BRI AT DL i A S 3 S R
BBV EAE N, RT) OB, WTERE#RLE
B M T H-MCDM 25k & — 2 U Lk i,
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L

M W RAAE LR R IR X AR — e R ]
RESSFEMAIZABE A 1) SR I ME o Wi, AR SCRAETHA
HIZWrote, x4 R EdE . S FREURE A YT
BAE, SRR TG -2 IR A R A i 2 BN
LW R (joint-cross-loading MCDM, C-MCDM).,
T, TR R A T e BT AR
G AR WA — 2 P RN A — 28 XA i
Bk, HOk, 87 B 48 v 3 R S R (visual fixation
count, FC), —MNEHEZEMIRSFEIR; SR)G, DUEGH
B IR, A AA O RAL RT Al FC %8s
A B R 4k TS| H-MCDM; 1235, HiRAHT
FEHTHR Y 3 C-MCDM, 3T SZiE R 588 i 4
5 A BT X e LR A %) 35 T g P e
FABRTAE R, I8 3z 19 WA FRIE 5 43 3 A4 5 B 7
IS TR B FAEXT T H-MCDM Ly
Jo, RS T WA I T ARk S gy 1l

2 ZEESBIRRIERS 2P

21 MHMEXEEEIESR

HHT, G- 29 mR i ) 1z MG 5
B Z B S EHE O B A vk, WA 1(a)ir
7N o W ESCETIR, RT BURAE N — oA R rY i 2
BRI SO AR A7 B R R OCTE, MR E 4R T 24T
1A 431 RA FIRT $048 91565 — )2 908 (de Boeck
& Jeon, 2019; X% 45, 2017; Zifiik, 2018), 76
RIS -2k, SH—)J2hiE RA B
RT i il A4 W TERE ) 58 i Fe RA U,
TR T3 5 58 A f B RT KUd; i T8 7E BE 1 il
TE TN T8 B 22 8] (9 56 & LA OB IE 243 A i TE =Xk

Y, Y, T, T

RS R R AL, R LA A -
JEYBIRIER S FR T3 BT RA A1 RT X%, (H
iz A S EL A R I T R, B TR
HE 4R AT LS B T 22 2 AR B i (1) 43 AT R T &2 2
TRUPAE AR A I HE AN, Teon 25(2021)38 ik BX A4
BF RA B R 40 X — B W s i, i T
ARV TE RE T AR I 05 7K F- . Man #l Harring
(2020)i i BE A 40 HT RA S8 . RT B8 it FC 44045,
WL T AMRPEAERE ST . RN T3 e 2 5
Ji . Bezirhan 4202 1)HK5 4087 T RA ¥4l . RT %X
P R0 U R H kR, i T MRS TERE ) L W AE
Jom T B RN R ] o TR )R O,
TEINFNS W4T, Zhan, Jiao F1 Liao (2018) % YK
RT 4l 51 AN HZ W g i g i T A -2 J0A
HSWIEARAEZE, Wi 1), ARk R B
AR, 38 A A A AR A B ) AR S
BB EAE IBEA 43 BT (U0, Zhan et al., 2022),
SUETER RA BUHERIESAERIAE L, Ranger
(2013)48 H B A —J2 AR 1Y) 22 BS R B A
TETEBE ) R 7N T34 8 22 A A5G RECRE T 0
B, &SR T IA RT 55088 66— 2 G T A e 12
XIS TERE I ZE A TTAE BE . Bolsinova il Tijmstra
(2018)F5 H B A — )2 HARBIA 780 A H RT %48 42
BERME B, BB RT B2 7 n Tk 3 i 52
W, ANSZIEAERE SIS SR, 76 S PRI,
AT B A 75 T TE B2 ) AV 78 I 13 B2 22 1] A RH ¢ &
% /M Bolsinova et al., 2017; Zhan, Liao, & Bian,
2018) LA Ko AN [] 8 T3 B A A TE fife R[] J51 s iy 46 2% 11
i} 8] ] BEAS ] (Schaeffer et al., 1993)45 L. X I,
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A M @B RT Eds IR B 52 R ) v
TERE AV AE N T A9 52 m, WK 1(c)ras; 3
Wb, TCIRWETERE ) 5N TR 2 (R A A OC &R
K, RT FARAER AT UL i TE e 1 S804k
THEAME S, HEImSTERe I St E . HE
HIE, AR A OF ORI AR 5 1k 5 A2 W Gk,
R A SCEAR ) — T T A
22 FMEE

TETHE LRI, i A AL R AR T L
SRS DR e B 7 2B Bt s s e, AR B4
EWRTRZ I —, ST RPN H Z
1 (Bos et al., 2005, LI Rupp et al., 2010). HRhFE
P T DA A7 SC AN P TE fifp A ] 80 A 1) TA R R
UEHE o 5 UL A R Bl A A 3 R A (B (L HR 1 o WAR FR
52 MR R AL AS A E R AE R E B .
DR DX (AL v A0 A SR A X {5 R0 A [l 00 vk £
(B AR SR 111 24 B A EAREE )
Ay Hor, SRR RS, BT R
PRXALSE B AR X3 % 7 (An et al., 2017), 0
b H bR DSOS B FEZL M I 5| ) (Poole et al.,
2004), RAETEITENACIG H, FEZ 8 E B A9
SUBUED FC BRI ) AT LA ST A (AR e 2 T 50 s 74 08 i
2 5 % (Man & Harring, 2019; Zhan et al., 2022),
23 SESEESW

ARSCLASM T RA B0 (RT 08 A FC B85 h 1,
VB e 3FN AT 43 Mt 2B ER S A AT o B R,
K — 2 G A IR G — 28 AR AR o
231 SEEEE

O B R GIE 22 A% 50 BT R A B A () 0,
XA RIS R B0 o VA . IS oo A TR
SCERT, MR 43 B AT A i 2RSS T AL
it 09 J7 L FR R 4 15 22 RSN M2 B B B (separate
MCDM, S-MCDM)., f£ S-MCDM H1, ARk 3
A HAT AR I AT 43 500 R 43 B RA %44 . RT
Hedla A FC %8s

B4, R B DINA (higher-order DINA, HO-
DINA) (de la Torre & Douglas, 2004)# 74 A RA 4
P i ALY, B R O S TG -2
By 1) H-MCDM %] 1 . HO-DINA A58 1] 34 g

P, =1 =g +(1=s; =g, (D
logit(P(o,;. =1)) = V1,0, —vox (2)

o, Y, AR n R H | BIKEEE; g Fl s 430k
BH i BB RIRSEG n, =[] ol W

o XHEH B BAAERS o B n X IR & 7Y

FEIRTEOL, ae = 1 TR “EIRY, o, = 0 RN ARESR;
g N QHMEhITE, FoRMH i XPEME k A
DL, g = 1 FIR“FHE”, qu = 0 FIRRFEA”; vy M
You 73 B JE ML X 43 BE S BOMMERE S50 LR, B
AT TERE J1 KB, TUACnT s 1k ) S A A
R, HO-DINA 5 AU 08 1 J& M =2 [l 1 3% 42
RGN, Bl A R E BT A 0 TR R PR
A PRARE A 45 A2 1, HET A B = R A
i R[] L

IR, HEAXEUEZ RT(lognormal RT, LRT)H
A(van der Linden, 2006)1E >k RT 4 it i) A5 74
AL AT 43R R

T ~ (4,37, 0;,8;) =
2

2 eXp(—m—zi(logtni—(éi—Tn))z) )

tN2m
K, T, 090K n AR H i BB TR G LAED S B ),
T, AR n BIETEIN T, Rl AR A
N6 PRSP AR RE S & DRI H i I ] 5 HE SR,
FoRGERUE H i T BB E] o, A H i B R DR
JEZH0, LRT AU {5 4 1k 1 1 7 o I 8 5
AP OUHE RT 42/1v, LRT 4B Rt Al fa7 240 A
log(,;) ~ N(&; T, )

JE, NSRS 5 B G, Man
F1 Harring (2019)42 i1} 1 ] 4347 FC i i) £ — 11 {3
15 (negative binomial fixation, NBF)f&#! , NBF 5
BRI FC IR 71 Z 3153041, F-85 FC ke g A4
M2 5 B 50 H BT 0 25 A B Z T Y
R SC 2 177 W) - NBF SR T 90K n 7EVEE
H i B, 7E5F . oy v, WORER G I 2 50T
By RO B IR, -
Vi (uis &y lymy) =

T, +h) B " exp(e, +m) )"

v T(h) [exp(sn +mi)+hi] [exp(sn +mi)+hi] ®)
A, Ve n SEEH @ P8 FC; e, MBI 1
FSTE e S 5 R, AT S el X (] BB 358 H 45 Fb
BB LR m ABH @ SR E S8, RoR
SERGE H i T RS EG b o EH P FC Y
B E S50, NBF # A o] 7] BAic R

V,~NB(exp(e, +m;), d; ) (6)

Rp, d =1\ + 4 In (Hfru, =Ziv:lﬂm- IN)H
BUH @ BALE X 53 24 NBF B8 ) BEA R B,
XFTHE R H , ORI S 5 R B I AR i
BUH F/) FC 8% . NBF BB 55— MR Bl
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XFI 55 v BT AT H L S 5 R E R ik
LT LRT AL by 7 fin 3 3 A R
232 B E-BRHEEE

AR, AR BT 24 L 45 6 285
Jir B A 845 B0 IR R 1Y 0 R 5 P i 58— 1 il
B bs b, fEIFEAEIEE F, X RA %4E . RT
B FC A R EILT R FBT#E T, HEf]
P Y 2 B AR VR 2B A R B B AT B,
PO IE B MRS A H AERT 20 BRIFHEA 30 N EM
&), B, WA E X RS ERRZ R
AT (Jeon et al., 2021) 17 83 e KA e
T e & A SR —> [n) g e ik #2175 S
Gn Ik S AE BT ARG 4 i AR B AR, ANLAT
PIEES AN B 2Z B C R, A 1 e
T A A I AR Y SR TR P

HFEE-ZYONAZ W @A, Zhan 45(2022)
P AT RS AT RA Bl . RT £dli il FC 44 i
H-MCDM. Ui/ 2(a)fi7x, H-MCDM 1,5 7 )2 g AR
AU ) AR R RN S R AR RS — 2 A A v
X} 3 P ASE R 3 0 A, X5 S-MCDM 2511, A~
FEHER; 1R RS Sl i = JnIEA S

KA ARWAERE ST | W AE N T A E M e 2 5
=HZEIREAR:
0, Ho
®n: Ty ~MVN 12 NE Zperson ’
€, Mg
5
2
person Oor O (7)

T, Mperson = (Mo Mo M)A 3 VTR AL B (1 X {H [6]
I Sperson N 3 MIRTEAS B 1Y Ty 22 W 7 22701
233 BE-RXXNAHBEZE

nESCriR, BA -2 PR E 8RRz —
S e b, SUYIBTEAR R Z A OCA 0 /), £
R EE Z [0 19 {5 B A ReAH BRI . o T 8
Hi R RT F1FC 3 954> B Bt v i £ 8, aT (i
WA =38 A A G, I TE 8 sl 7E R ) B
FEHARAE RT M HASRLRN FC MR A p . FETi%
W, ASCHE 34 C-MCDM, WA 2(b)~2(d)FiR,
O35 R T IEAERE J1 19 C-MCDM (C-MCDM-0) | 3
TEE45 AN C-MCDM  (C-MCDM-D) i3 T
FMEEGE G Y C-MCDM (C-MCDM-C) ., 3 /M
WG F A2 A, Hd, C-MCDM-0 fiix#iik
49 T FE R T 1 78 Ak 25 5% e G 58 B B 9 FE B
it FHVERR S8 1 C-MCDM-D il C-MCDM-C #411%
T X VS 7R T M 2 4R I O s 5 ) L o i 8
Y FERS AN B, W3 25 e T o AUF 9t
SR T8 H TS A A JE M5 A4 &% m RT M
FC, Mif5 # I\ ol 48 1208 3 B % A (9 )8 1 1Y
23520 RT Fl FC (RPE4R 1Y B2 52 ma Bk o )
Ak, HARIES S-MCDM Al H-MCDM EA5 1] Ho s,
ACEEELE C-MCDM-D 1 C-MCDM-C H 7775
R IS TESS I, AER A7 AE = W VR 25 AR N 5 e
B A, AT RIERRL A A R BIERD 0, F1 T, 2
[ LA K2 0, F1 e, 22 B A0 AH SC 1 © 29k 38 X 286
F§), 7E 3 > C-MCDM T If-3%A i F —JoIEA 1ok
VR AE RE S0 . WA N Tk B R AE L 5 5 8 3%
3 METEAL & (Bolsinova & Tijmstra, 2018; Molenaar

(a) BRE-EB R B INA
BWitRI(H-MCDM)

[TE o

(0) BT ERGAANAYLRA-
X BE NS WA (C-MCDM-D)

(b) BT WAERR S IR A -
R X FREERNFLWiHEEI(C-MCDM-6)

(d) FTFHMEGRS WU IR A -
X ABEESNHSWER(C-MCDM-C)

Bl 2 BRE—JRBAIR G -5 AR RN TI2 W g i
TE: 0 SHWETERE T, « W E N T e SBEMLIE S 51, o NITEIRYE, Y M A AEZORE I T S0 AR I, Vo s B 1ok
B o KRR R
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et al., 2015). /NHEBRILLAF 58 45 R s 78 24 Hif
C-MCDM Fhith I F-R H = JniE KaAmikdE 3 %
A B R 2 RS EAGTAIREL, JoHJE =JtIE R
AT BT 22 T 2

IEFFRZE, FgG—BAREFRIR 31 C-MCDM.
oG, X RA ZdE &5k H HO-DINA HEiHI/E R
AR A (WL A (1)) o FEUR, X RT 8l Fi FC £k
PR, ENTR I AR v] 7 5 2R A

log(T,,) ~ N((& = 9./ 0,,@,.4)) ~T,), ©)  (8)

Vi ~NB(exp((m; + ;. f(0,,,@,.0)) +¢,), d?)  (9)
X, BREUAO,, o, q)FsA] T2 20 44 58 & M 1 A
H i, WAERE ) s e & Mk anfar g 2 RT A1 FC:

0 for C-MCDM-6

n

— K g
f0,,a,,q;) = iy Lk for C-MCDM-D . (10)

> @y for C-MCDM-C
0 F1 N 53550 R R A0, o, q)%F RT 1 FC HYANAL FR
Bk A2 X AT, L C-MCDM-D J i, o, Fil A, 43 51136
N, X TEUE G, FRARVEZE R 1 AR AR
0 HIFERZ [ HORT Fl FC BB 2E R, BT
C A W58 WITE 7 6E 71 5 W A8 I T8k B 22 0] JF AN
M & TEAH 9 (Zhan, Jiao, & Liao, 2018), P, 3 M
AU IERER ] o A1 N BYIEGS, i i 2 9K sh e
Eo MTHEH i, Y4 g,>0 0, —EFEE R T EH
i PR 25 B AT HE AR DA 2R £ 1 B SR G A
(hn, SRR v R R H ), ST RE ) (B
2 b 22 ) (10 9l 2 087 FH R 6T B /0 g sk al SR VR 2%, i
i 1B A 3t 2 At AR X B 22 i B IR A2 T
Mo < OBF, —ERERMTEH i XpLrEZ e
e A5 B DA A7 A B SRORE X ¢ v (A, Y 0
D), HE TR A B S A X B 2
(R ERH IR AR 22T, 1T B 0 4841 P k3 2 £ P A X B /0>
(B A) R AR (PT RS2 B LA I 3 (Wise & Kong,

2005; Zhan, Jiao, & Liao, 2018)), [FJBl, X+ H i,
M > 0 Wy, —E R T T R
FRMEGER Z, HENTEE 1 AT AR %
H 2t FH AR5 22 B9, T RE TR B
23 {3 PRI AFIRT 858 /0 18 T R (D e L 4 38 i A 110 5
HAER); MY A < OB, —@EREE R 7 H i i
Vo R OGRS BB B, BEINTRE 1 B
TEAEZE 1208 H 23 0 PR S0/ A P A, 1T
A Y w3 2 T R AR T 48 22 1 8 400 e (P B A 2 )
TeRAF BT, MELURA 2 SCHEE B AL E) . Ji4h,
HIT o M N 2 R —1E R H 28k, B LB B 4
PG, R 1 PR, 4K, & 1 gk HE—
FhAT R, SR A T B X 2L ) 8RR 73 AT .
T34k, BTN ANZ Wb 48 i AR B PR 2
HER R AL 4, 3 4 C-MCDM # K % il e in T
HE AN S S5 EEXT RA B2, RIS SR
F RA B4l 5 S 48 = X AN AE AR 1 i S Ul T
P LA 7% i RT 2048 i FC i = (W45 B ry A
BRI, RS T EMSaEM e S 5E 2
[BIAFAE AHOC HERs, AT LA ZI0IE S il iR W e
RS R AE L6 2 5 B R O &R

Ty |
0, :[ jNMVN[[ TJ’ EpersonJ,
€, Mg

(11)
N = 03
person o, © g

2.3.4 INESEHS U KON FIFFAEHE MY

SR b, A TR GRS BT RA %545 79 CDM
M, SSMCDM . H-MCDM 1 3 /> C-MCDM HJfE
ST AR EE 1 43 A, AT BT LIS Ay
B 45 S 52 BT AN A I 0 25 44 1912 Wt B G At ol e
fERYHERr . AR, B8, 76 MCDM h, {5
RA %4 il F A 8 HO-DINA A5 %) 32 B I RE il
S W R B M ARG O, P, WA

&1 C-MCDM H ¢, fl L, SHWMERBEMRERRINEBER

A
[
>0 <0
K5 B 22, NN G far 2R A KA B b, AN B fep BRI
>0 E A0, anq) T, WRT|,FCT; 0, 0,q) T, WRT|,FC;
% f0u, oyq) L, MIRTT,FC; # 0, 00, q) L, WIRTT,FCT;
KA fE B 2, N 2R KA fF B, AN B far 2R
<0 %f(em s Qi) T 5 JHJI RTT,FCT 5 %f(em s Qi) T 5 JHJI RTT,FCl 5

#H 0,0 q) L, WIRT|,FC;

# f0,, 0, q) L, WIRT|,FCT;

TE: g0 Bl A 535004 BRER A0, 0y q)XF RT Fll FC HIZE L HAT; 0 RWEAERETT; o IELEBYE; ¢ HE AT BEREE; 1T o8, | AT

R RT SR H ARSI ] FC i A 8K
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5 54 4%

Fz2 8 MIARSFIEL & ZEH R AT 8RR E 1T A R (Zhan et al., 2022)

0 T € TAHIRRAE 4 A RE A4 A Bl AT D SR B

+ + + IR+ A AE 1 Az TR OB H PSSR E R

+ + - N+ IR R A AREIHERRTHE, $RIUE A A 1 CHEHE B

+ - + LB+ R T O ARMUR SCHEAE B, T AT AE IR AL DR 7 1 TR R
+ - - UUBAI+AR R B ARESIHEBRTHE, 26T /5 i OGBS B AT IR B 2UE
- + + kIR iy DRH BRI — L6 5 5, DR 0T ] R AR 2 5 v

- + - s R E R A R PEWUF R, A1) T

- - + VAR TR+ R A AYEZSHUE NI RE ) B

- - - INAUR T +IE R R e Z AEE L

T 0 SHVBTERE )5 « JOTEIN T ; & SHIBTELIE S 51 + 0 R TH{E; /N FHIME.

PERE 12 W 5 SR T DL Ry T 4 b S A R 1 A
ZERy . HR, /£ MCDM ., #AME T LRT £
RUFI NBF #5543 5145 R RT F1 FC B0 I 8
5 HO-DINA B RS Hhei gl il S 405y 285148 5 AN ],
LRT AR NBF A58 o () i S 50Ok 4 2278 i
P, JCEAR X AR SR P (032 W —RE B R MA Y
TETEIN TR e 2 5 A T4 2, R JC
B B S B AR AR 9 5325

X, — PR Sk fRT BB T Oy 2R A B A
RYI R SR LR AR ) KT E R R AR
J&FINHIRE S, [R]SUAR DR RE T ) A X AL e i — 28,
S Z W25 254 AR e P A o 3 88 R T 4 (i e 3 )
AR E TN T A X R — 28, R
ARG EL W S5 B R T BME R R %A R
B FEEHEEREN—EK, RN, gk, =&
H—A G, nTRE] 8 FRIAHIFRIELE A 285 (Zhan
et al., 2022); £ 2 R T X 8 FIAMIFFELE &I
KOTREMY DR N B AT A R . 28R, 5 ZEom A 0 X
F gy 2y SO He RS 1Y), 38 FH T XA AN TR AR
(AR HE DT, T AEAE B 1 T B2 W 25 21
24 NHERSEMHT

AR SCAE FH 4 DU 3 T R OR SRR 52 R R IS Sk
%} S-MCDM, H-MCDM il 3 4~ C-MCDM #4572
Boihiit, 33T JAGS (Plummer, 2015)52 8, M4
JiBfE s S1 Ay 2 T BB S EAG TEx h A
A5 B A6 B et BT 25 2R, 25 SRR
RN B AN TRl B a1 56 30 0 A B AT — o 165 1
PE. 456 O SCIEEURE 7 Br & 50 f 2 A DFoR 45 21
(Man & Harring, 2019; Zhan et al., 2022), 1 XA
SRR TR GBS 38 5070 o s 1915508 B A 1
(1) JAGS 115 B 70 S 7 W 26 R I S rpr, 56 T n o] fifi
I JAGS #EA7T DM 28046 7+ 7 2 WL Zhan %%
(2019),

3 SCUREUE ST

PRSI BRI S o BN BB
B, B e AT A Y T, MELLEA TR
A BIRAIEFE (R, A AR 3 A T 43 A5 >k A= 5 e A1)
M EE); T 2 e AT SUE R 9Y, DA IR 5
AU S AT IV, I ARSI ot S A B AR B
PSR
3.1 BUEFERFNS R

RXFL 3 2 B o A s (RP5 A
MCDM) R, FRATIE FH SR A — 147 A3 55 I PF
RBE T A RCF 0 50 B B o % A e 3 [ AR A e —
R 2 B HR 2 S 90 28 SR B2 Y (Man & Harring, 2019),
HAu$s N = 93 H (0 IE) T IEH I RAMEXT 1 =
10 &8 H IR .zl %A K = 4 MIgTEEd:
(o) 3% (arithmetic) . (o)X %X (algebra) . (o) JLAA
(geometry)Fl (o) BH 43 H7 (data analysis), 56 Q %H
FEDLIE 3. B S 3 MR REEYE: 45
i (B0 RA) . S BRI (B RT)FIA: P+ Bl (B
FC). J4h, A XKZBHEE AR iE S Man
F1 Harring (2019), 77, Man £ Harring (2019)ff /i
A0 T8 5 HEFACHE, 117 Zhan 45(2022) F AR SCAE Y
2[RI VR SR B 1) 502 DN 2 B3

539 S-MCDM \H-MCDM #11 3 4~ C-MCDM
ST A o 5 A BERYIE A P 2% S R T Rk (R BL
), BEAHELE 60, 000 %R (T 40, 000 1K),
FBIE 1; R4 40, 000 B T8 5 561
(B SobnifE 22 . PV 7E 5 R 438K 7~ (PSRF) <
1.2 (Brooks & Gelman, 1998)1F b2 Uk FI SOk 56

? T EIR A AT th T B P b B B3 v R I 56 U B
(Ban, BE), FFRAZEEE IR INA TR (HAFST AT L2 )
Man Fl Harring (2019)8% Zhan %5 (2022) ()38 HU/E 2 L& 2 )
R,
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1 2 3 4 5

6 7 8 9 10

o

0

03

3 STERE Q KK (1 EHRAN0, AR

br#E(Brooks & Gelman, 1998; de la Torre & Douglas,
2004), i F 5 56 F AL 7R K 56 (posterior predictive
model checking) (PPMC; Gelman et al., 2014)2k PEAL
BRI 4 X 0L G, b 5 30 F50 ABE 3 (posterior
predictive probability, ppp)$%iT 0.5 FRR 5545
WA CEK, ppp < 0.05 B ppp > 0.95 AT YA R AU
4 (Gelman et al., 2014)), 7£ PPMC H i F i 46 5t 11
T (test statistics) (RPN & B 3250 -5 Al 2ot =
[\ 2SR, AW L EAEERIS L) (Levy & Mislevy,
2016), H T HHTHEZ 51X BAAR AG 26 %5 U5 A
fRbR, 16 3 DEAE, FRATE 50 DAL A [R5 4
s 5 HA F AR 2 P DG R . A, (] DIC
A R #5530 =540 B AR UL Fa b T TR AL e % 458
FRE 8 N s AR Y 5 B R 400 5 i B
3.2 #R

3BT 5 AZHEBAZEIRE LA 1
Olo W ERIAE, T C-MCDM-D 1%y 39.71%
E‘Jf#’fﬁﬁ‘%ﬁ(@:‘% gi» Si» &iy @4, my, diy ©iy Miy Yors Vi
Onts Os Tus €1> Of» G, G2, Ggr» Gpe» O )HI C-MCDM-
C 124 29.35% MMl TS H (R 1) I AR B b
#E(PSRF < 1.2), KL, XM MHRLS S0 i 0l &
RS, TR R A S 552480
5, M4 ppp 6, FW S-MCDM. H-MCDM #i
C-MCDM-0 H il e B AU I L5 i 8 i o i — 20,
DIC F8Fr{EHIK; C-MCDM-0 X% 504 A X 481 &
e lif, H-MCDM HIK, S-MCDM 522 . %45 F i,
X TR HEATE B B 2 RSB S, AP S
PRI b oy B AR B R B AR, HIL TR -3
N AL C-MCDM R T3 T A -2
P RE R H-MCDM.,

®3 TIEHFEHRE-HIEBEER

Model —2LL DIC
S-MCDM 11104.13 11890.70  0.42 0.52 0.78
H-MCDM 11040.62 11804.00 0.42 0.51 0.57
C-MCDM-6 10275.27 11542.78  0.43 0.51 0.68
C-MCDM-D 10127.21 10549.14  0.40 0.52 0.64
C-MCDM-C 10009.65 10434.95 0.36 0.51 0.67

ppp_RA ppp RT ppp FC

#: —2LL = -2 log likelihood; DIC = deviance information
criterion; ppp = JERTWIMER; RA = 1EZHE; RT = /&N
[&]; FC = A%

A WLEE H-MCDM H & 7E RE 1 5 18 e i Tk
2 AT THE Z (] 1 4H ¢ 2 %5(-0.008, SE = 0.278) 11
WAERE 1 S5 AE L S 5 B Ak T =2 18] A9 A G
Z%50(0.004, SE = 0.252), 1] % B AH 5 R A $50
T 0, i ML) &% H-MCDM 4T S-MCDM
FIPEHEY; W, T C-MCDM-0 i DL 424 RT
F1FC i v i 15 BOR BB TE BE 1 250 Al 11
FRAER (LI 4), B LS S0Z AR 1 004 4
MY, F SOk T C-MCDM-0 A5 55 it /3 A 45 51
HEAT A

10f —— o
| | ]

0.8} : ‘

0.6}

0.4f ®
[+]

0.2

' SMCDM  H-MCDM  C-MCDM-0

Kl 4 Sl rh e BE I SRR AR EZE (PR iEiR)

* 4 2T C-MCDM-0 I 3 AN A5 71
(S EAGTHE S o, A1 A B THE . 12, XA
BRI SR, %45 A5 Zhan 55(2022) 1Al 145 1
FAR—F, Horb, B SIS EEER, Wit 6
M) RAR SR o #5180 B Y B )58 B S 5000 -2
B2k 3.33, FBHPLIA 0 ik L6 81 5 FT 20 1) F- 1
FERT 22k 28 Fh(HELZ B R T RT MI{E 33.99),
258 H L SE SR SR Z R 4.68, R EIBL
T8 B S H BT A S B2 107 S (H2
I iZBET FC XA 114.53), HK, X o 1 A
M, — AR SR T A —E 8 H S50 1
TSR . dEER 1 R RgHER, FUZm %+ e H
AL 0 S B BRI S NN A far ZER AR PE L, R
KA B Z WA far ok g, [ReZ WIS, ik —25,
KOS S o M A AN ITHE S . KB @ Al THE
A < 0, — R R Lz 36 b 24508 B ik
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R4 TIEHIEH C-MCDM-0 B B S#h1HE
s VEZHG V250 [ S B
BH 0 A
Jm g s ¢ ® m d
1 (1010) 0.71(0.23)  0.06 (0.04)  2.89(0.04) 3.78 (0.340)  4.23 (0.04) 0.08 (0.011)  0.25(0.05) —0.22(0.04)
2 (1100) 0.60 (0.22)  0.05(0.04)  3.43(0.05) 2.56(0.20)  4.85(0.04) 0.03(0.002) —0.07 (0.06)  0.13 (0.04)
3 (1100)  0.33(0.13)  0.38(0.11)  2.60 (0.06)  2.65 (0.25) 3.87(0.05)  0.07 (0.010)  0.43(0.07) —0.40 (0.05)
4 (0100) 0.31(021) 0.18(0.08)  3.34(0.05) 2.56(0.20)  4.68 (0.04) 0.03 (0.003) —0.11(0.06)  0.15 (0.04)
5 (0010) 0.49(0.20)  0.25(0.07)  3.13(0.07) 1.83(0.14)  4.50(0.05)  0.03 (0.002)  0.21(0.08) —0.18 (0.06)
6 (0100) 0.09 (0.04)  0.86(0.07) 3.08(0.08) 3.14(0.42)  4.42(0.07) 0.05(0.012) —0.65(0.08)  0.61 (0.07)
7 (0001) 0.43(0.19)  0.22(0.11)  3.74 (0.06)  1.98 (0.16) 5.06 (0.05)  0.02 (0.001) —0.22(0.07)  0.19 (0.06)
8  (1001) 0.15(0.08)  0.61(0.16)  3.92(0.06) 2.88(0.29) 5.18 (0.06)  0.02 (0.002) —0.43(0.07)  0.41 (0.06)
9 (0001) 0.44(0.13)  0.36(0.10)  3.41(0.10) 1.22(0.10)  4.82(0.07) 0.01 (0.001) —0.07 (0.12)  0.17 (0.08)
10 (1001) 0.11(0.06) 0.73 (0.15) 3.80 (0.12) 1.13 (0.10) 5.18 (0.09) 0.01 (0.001) 0.31(0.14) -0.29(0.10)
H:g= HMNSEG s = RIRSEG €= NREBRESE; o = WHEKEESE; m= WHRRESE; d= W XSG F655 N brifEiR
(R IAnifEZ).
061 —T AL XA S5 AR A A A AR (0 R B 5 R, DA
sl —— 5 B £ AT S S HAR 4. UL 5. 9 N 65
il | | Jalil, 3 ATEVETEIRPE F RIS WSS AR, (H /b
ITAEMEFERE J7 . VSAE N T3 B AV ZE L3 2 5 7 |
of (A AT 280 2 S, 35 % W B0 A/t LA A
sk | 5 Fr DA S0 5, A T 2 DA 60 XU SN R 37 W
ol | i SEHIAEIE T LT BRI 5350, ALk H
' | A BIRAR, SR B T, R 3
06 i | TEIRESN, I % BB R AR (A AR HE, SR B

[0} A
Bl 5 SZiEEdE© C-MCDM-0 B Y o, Fil A A {43 A

SRR Aar B SRAEXT R R, 2 T4 B S A i ) 7 s )
LA R T IEFE R B RDER S 59 80, AR A Al THE
PR AIEL > 0, — e R BE R i 50 v 2408 H i
5 R OCHE B R 2, HEmTAMAR BT AERE T B
e D)L fogp TS 7 2 BR8P A B0 22

25 B THET C-MCDM-0 #5151 it [ AL i),

PSR . ean, #ai 34 A1 67 Sk E Ik
204, Hi T PE BRI EA R, BT 22
AR A B X TP . X T 0 34 (npoh i+
FER )M T, T AT T OGS M TR 55
H AR U AR BB e O D, R PR AE
J@YESh, bl L2l SR iz il e = 5, JF
SR A ECRR | JEEARS . MR 67 GARIAN T
i+ 3R 38 ) (LT A ik ke )t A S AL s B (E iy T
AE T BR R 008 2 5 B s R T i B2 U H

RS STUEEUE B NI KN G505 BT R At TN KN R AE HE BT A 1

Bt o o as 04 0 T € AR FHE T
5 1 1 1 1 0.12 (0.25) —0.17 (0.11) 0.20 (0.09) TR R AEH
9 1 1 1 1 0.31 (0.23) 0.05 (0.11) 0.06 (0.08) VAR G+ R EH
34 1 0 1 0 —0.19 (0.26) 0.20 (0.11) —0.06 (0.08) e R R R H
65 1 1 1 1 0.25 (0.24) 0.20 (0.11) -0.22 (0.09) NI R g e
67 1 0 1 0 —1.52(0.27) —0.18 (0.11) 0.10 (0.09) WA T+ R
76 1 1 1 0 0.56 (0.25) —0.01 (0.11) —0.12 (0.09) TUE R HEREH
FE: 0= WTERES); v= WTEINTHEE,; e = WAEMKS S, 55 W ARG RREX).
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ROCHEE B BT LIHZ R0 &, BOZE BN
JIv kAR B TR S

4 BT

S 238 ) SCUE AT SRR TR AL Y S
PE XS 3o AT 3 3k 1 U ASE UL AT 5% ik — A 4 5T
PR OB AR . Hoh, BFST 1 UFE R
BEALIN 56 55 1 S BRI BRI 1) S Bk TR B B
7% 2 KT EE B R AR H-MCDM By AHXT 3, LR
PRGBS R 4 AR RO 3 K 7 T A8 AR R i
4.1 HEMUAR 1
411 HEIBERSHWH

BT, B 3 MR G (HFEARE M
100 1 500, % &% CDM #45ZFr i FH 375 M R sh i
7% H Tl BE BB, AT SY E B SRR R A
INEEARZEAE T IR, () BE 12 15 F1 30, [ a2
TR B TR CE K =5, Q JEME L 6 (1Z Q M4 &2
DINA A i S50 ] R 2R (Gu & Xu, 2021));
XA CL: b = —p; =0, 0.2 F10.5, Hr, 0.2
F10.5 (iR E 2% SLUEEE A BT 4 SR (L3 4), ik
O H MR T IRIE YA AT S AR 38 B A

HR I
BRI TERR T« VAR N T B RS AE AL 2
ST kA
0, 0) (1
T, |~ MVN } 0 025 (12)
g, o) o -0.125 025

BBER pre = —0.5 2% T _ECIENT TS,
J& Zhan, Jiao F Liao (2018)#1 Man F1 Harring (2019)
AT AR i I 2 e WU A v 2 5
(RIS T 2 E B R A2, RIS, A T iy
T3 PR DU R i 2 5 R ARG (BP oh 3l B 22 DL I AR
REH);, B, BWIFE 2b)~2(d) T e, '
poc = 0 Fll po. = 0, JEPRIEFEAS A Z NS W A5
EH oS5t ZRPXRAKL S e ZHIMXRCLH
A& SRR o

FEN, B% L SCITAEF 545 ) Zhan, Jiao Al
Liao (2018), Man # Harring (2019){J¥5E, M HZ
BT Jrik A

xx, 2197\ (1
Wi 4394 | | 05 1
& 4 -025 -025 025

m; 4 -025 025 0.125 025

WeR, BEHM g M s, ZE0 510 g =explxx,)/
1+exp(xx;) Fls; =1—exp(xx; + yy;) /1+exp(xx; + »y;) o
ZESE (pps = 0.5 ppe = 0.5, ppn = 0.5 psz = 0.5,
Pom = —0.5 F pe,, = 0.5) VA B (155 I 2 Eek = )
IS () 5 B 2 ORIV B 588 S50k /N, ek, EE
i T H 2 500 L 5 1R 5 S 88040 0 N X 20 4y
A7 A3 Gamma 4347 A B

w; ~ U (1.25, 2)F1 h; ~InvGamma (2, 6), H4h,
JRYEDC I3 BESHEE E ) v = 1.5, JRMEMERE S8
B E N vo = (1.5, 0.5, 0, 0.5, 1.5), FFARIEAR
2 A R AR

wla, FE6FNQ AR 2 MK E x 238X
AT ) BRI 56 25 4, Ay K HE C-MCDM-0 |
C-MCDM-D #l C-MCDM-C -4 i, 30 20 P47k 85
(RA ¥ . RT £5 F1 FC 508)

FEAR AL 56 A5 R v, SO A U AU A
Ko TR RY X6 TR R, 3 A A AT AR AL 4 {d FH
AR A] R AE(BEPLE ), BREEA DR ] R
/B E 10, 000 YL (T 5, 000 ¥K), &R A S50
flitt i 5 IR R RE—% . i PSRF < 1.2
YERSHAGTH IS bR . i ppp (EAE AR %L
P ST FERE, 81 DIC 1 Ak 28— i AH X6 41
HAEbR; W EMEHIER ACCR = X8 2 1(4,y,, =
Gy ) NR 1R HE 485 5 4 i % PCCR =38 2V 1
(b, =a,.)/ NRAER V8 AL &8 PR 0 FI 48 b5, IFE
FiR 2% bias(%) = XX 2—x/R . ¥ AR 1% 2 RMSE(R) =
VR (R =x)7 /R B BB HE S B 22 A A A 6
FE(Cor) K PPAl HA S HUA TR B¢, KPR =
30 HEAEH A
412 R

TEFT ARSI 2T, 3 A HrBd A v i iy
HZ B PSRF {H5 2 PSRF < 1.2 (R Sbr i
(H. 98% LA I 1 28500l & AH X BT ™57 () PSRF < 1.1
WS ARE (Brooks & Gelman, 1998)).

B 7 o A2 B0 T 3B Y R (R ) H v

* * * * * * *

Bl 6 MHUATIE Q JEFE(K x I). 25 FH N“0”, K <1, *Fn 1= 15 5 5144 F 8



1426 L gt} 2 il 54 %
HE, Y438 XA 0 B, 3 AN RLZE AN [R] 0 56 451 XS TEE 4 v AT DIAS B EIE .,
BRI A —B, Hk, BEE A L akmi it g, nl B8 il BT 3 AR A BE S L W RN

K 3 EEALK) ACCR Fl PCCR 7E A [A] 86 45474
YA T, Hd c-MCDM-C 2 T i J¥ 5 K,
C-MCDM-D X2z, C-MCDM-0 f/)h, X, 7EBk
G -3 Ut F AL, AR =2 o S A Pk,
FLHERIH RT M FC 08 A a0 Ja 1 i) 2 402 1 Ol
PE LA B A5 B B S 5 B v e BE D SR AR B 5 R
P[] 425 i 0] PR AR A R Xk, — b
Al REAY SR H &, £ C-MCDM-0 H1, HO-DINA #i%
(RA B4 16 I A5 760 ) Hp 1 1 B W A E 0 1 Sl — b
BB S BOLSBUGTHR BRI #8022 (de 1a Torre &
Douglas, 2004; Zhan, 2020; Zhan et al., 2020); Xl i,
RUERI RT F1 FC Kl b ity il Bh 75 20T DAIE 42
1o YV TERE T M S B TR M, (R0 24Tt
R B, e DU RO 1 0 7 S o ) Ak T o

(a) C-MLDM-6 ®)
1.0 Lo
09 0.847 0.852 0. 863 0.867 [0.869 0.9
0.8 I 08

TR E S 5 B SEUG THR Bt B ok,
3 AMREALLE T S5 S UG THW 22 584538 T 0,
HK, X C-MCDM-0 M5, B3 X m 4,
TEAERE I RMSE &7 I H Cor B =y, #M
Bt RT A FC £t A 0yl B 5 8 0y $2 W AERE
AR TT IR B S Bl Z 3G AR fEA I A, B
A& SR AR, AT AE BE ) WA THR LA BT
$ETF, ARWEAE N T3 R 2 5 B A TR
HEH B TERS . RS, ¥ C-MCDM-D I
C-MCDM-C fi7, BT RT Hl FC it Rt N
WRTERE R ALAT D5 B AR, P, BilE A2 3T 1Y
P, PR TR TR BE 7B RMSE BE T B H. Cor
W& AR = o

MR iR R, 3 AN A8 H S8 TR B
C-MLDM-D (¢) C-MLDM-C

0.5
> N
TT
=
|G &)
=15 1=30 =15 1=30
N=100 N=500
EEACCR Al mmACCR_A2 mm ACCR_A3 EEACCR Al WMACCR A2 mmACCR A3 EEACCR Al mmACCR A2 mm ACCR_A3
BmACCR_A4 ACCR_AS5 —--PCCR BmACCR_A4 ACCR_AS5 —--PCCR BmACCR_A4 ACCR_AS5 —-PCCR
B 7 BUEESE 19 3 4 C-MCDM ) J& 1 (45 5 Ja e 2%
N = FEARR, = MG KB, CL= 38 X#R7; ACCR = J@1EHIESR; PCCR = & MR H e,
(2) C-MLDM-6 (b) C-MLDM-D (¢) C-MLDM-C
1.0 e . ° . LI . 1.0 e & & & & & o s o & & & 1.0 fe ¢ o © © & o o o & & ¢
0.8 N (2 T TR (X 2 P ST SR
oslT TN e TN. T~ 06F 0 T —  06f - T T —
04 041 04
0.2—/ / 7 e 02F .
OfF---------- - - (s - - - oF- - — - - -
-0.2 -0.2 —0.2
S AN VNSe N VNo qno W S A UVne Vo Vo W S A4 NSe Ve ANnVnce N
TTRTITTYTTTYTTT ‘u’ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?ﬁ?‘u"ﬁ?‘u’? ﬁ?ﬁ?‘u?‘ﬁ?ﬁ?‘u’ﬁ?ﬁ?‘u"??‘u’
[ R S | e e | S O S e e | S [ U [ [ Qi Qi S S I I S e | S RS O [ QS [ (O I I I S e |
|GGG RCIRC NG RO IRC IO RO O ®) |OINGIRGRIC G IROL IO IO IO OO ®) OGO IOIOIROL OO IO OGNS
=15 1=30 =15 =30 =15 =30 =15 =30 =15 =30 =15 =30
N=100 N=500 N=100 N=500 N=100 N=500
Il § Bias tBias  HH g Bias Il § Bias tBias HH ¢ Bias I ) Bias tBias  HH g Bias
— 0 RMSE TRMSE — ¢ RMSE — 6 RMSE TRMSE — ¢ RMSE — 60 RMSE TRMSE — ¢ RMSE
® 9 Cor © 1 Cor * ¢Cor ® §Cor © 1Cor * ¢Cor ® 0 Cor o 1 Cor * ¢Cor

&8 BUHLAZE 1 1 3 4 C-MCDM ROV LERE
HN= FEARE; I= MEKJE; CL= 32X 3fr; 0 = r%fi"

o OTRTE NN T R T A AL S 5 S U TR B
WAERE S v = WerE N T3k WIEMIES 5 K Bias = i

H"g

2, RMSE = #JriiR2; Cor = fliTHE 5 EAH M AHE R EL
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P S PAE 45 Bt s 6 S2-S4 v BT, EAR
G 254, 3 AMSERL % R8 H S 800 R H AT
By, REHE N —s ke kg s g B
T H SR TR FLME, I R N 28
faf RN RLPAR /N o
4.2 EHEFR 2
4.2.1 HIBERSHW

Ry i — 2 PRGBS AR X O B T 38 1 3
M AEEE, BIIRESE 2 tharailfli i 3 AN AL
H-MCDM & b $dis AE iisi #, SR8 5 X He 4 58 LA
BRI R . Y 3 DHTBIAUE Bl A B R B,
XA TEAEBE T L WA N T B R AR S
(R A T B SR E | R —SU(A R 12); X
Hfar CL (b = —p)NIIEN 0.1, brifEZEN 0.3 BIE
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e e . -MCDM-
T8, BEFPALAAE T 2 [E 2wl E N = 500 AT C-MCDM-C 183881.5
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Abstract

Students’ observed behavior (e.g., learning behavior and problem-solving behavior) comprises of activities

that represent complicated cognitive processes and latent conceptions that are frequently systematically related

to one another. Cognitive characteristics such as cognitive styles and fluency may differ between students with

the same cognitive/knowledge structure. However, practically all cognitive diagnosis models (CDMs) that merely

assess item response accuracy (RA) data are currently incapable of estimating or inferring individual differences

in cognitive traits. With advances in technology-enhanced assessments, it is now possible to capture multimodal

data, such as outcome data (e.g., response accuracy), process data (e.g., response times (RTs), and biometric data

(e.g., visual fixation counts (FCs)), automatically and simultaneously during the problem-solving activity.

Multimodal data allows for precise cognitive structure diagnosis as well as comprehensive feedback on various

cognitive characteristics.

First, using joint analysis of RA, RT, and FC data as an example, this study elaborated three multimodal
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data analysis methods and models, including separate modeling (whose model is denoted as S-MCDM), joint-
hierarchical modeling (whose model is denoted as H-MCDM) (Zhan et al., 2022), and joint-cross-loading
modeling (whose model is denoted as C-MCDM). Following that, three C-MCDMs with distinct hypotheses
were presented based on joint-cross-loading modeling, namely, the C-MCDM-6, C-MCDM-D, and C-MCDM-C,
respectively. Three C-MCDMs, in comparison to the H-MCDM, introduce two item-level weight parameters (i.e.,
¢, and A;) into the RT and FC measurement models, respectively, to quantify the impact of latent ability or latent
attributes on RT and FC. The Markov Chain Monte Carlo method was used to estimate model parameters using a
full Bayesian approach. To illustrate the three proposed models’ application and compare them to the S-MCDM
and H-MCDM, multimodal data for a real-world mathematics test was used. Data was gathered at a prominent
university on the East Coast of the United States in an eye-tracking lab. An / = 10 mathematics items test was
given to N = 93 university students with normal or corrected vision. The test included K = 4 attributes, and the
related Q-matrix is shown in Figure 3. The data is divided into three modalities: RA, RT, and FC, which were all
collected at the same time. The data was fitted to all five multimodal models.

In addition, two simulation studies were conducted further to explore the psychometric performance of the
proposed models. The purpose of simulation study 1 was to explore whether the parameter estimates of the
proposed models can converge effectively and explore the recovery of parameter estimation under different
simulated test situations. The purpose of simulation study 2 was to explore the relative merits of C-MCDMs and
H-MCDM, that is, to explore the necessity of considering cross-loading in multimodal data analysis.

The results of the empirical study showed that (1) the C-MCDM-0 has the best model-data fitting, followed
by the H-MCDM and the S-MCDM. Although the DIC showed that the C-MCDM-D and C-MCDM-C also fitted
the data well, the results were only for reference because some parameter estimates in these two models did not
converge; that (2) the correlation coefficients between latent ability and latent processing speed and that between
latent ability and latent concentration were weak, making it difficult to fully exploit the theoretical advantages of
H-MCDM over S-MCDM (Ranger, 2013). By contrast, since the C-MCDM-0 can directly utilize the information
from RT and FC data, the standard error of the estimates of its latent ability was significantly lower than that of
the previous two competing models; and that (3) the median of the estimates of ¢; was less than 0, which indicated
that for most items, the higher the participant’s latent ability is, the longer the time it will take to solve the items;
and the median of the estimates of A; was higher than 0, which indicated that for most items, the higher the
participant’s latent ability is, the more number of fixation counts he/she shown in problem-solving. Furthermore,
it should be noted that the estimates of ¢, and A; do not always have the same sign for different items, indicating
that the influence of latent abilities on RT and FC has different directions (i.e., facilitation or inhibition) for
different items. Furthermore, simulation study 1 indicated that the parameter estimation of the proposed three
models could converge effectively and the recovery of model parameters was good under different simulated test
situations. The results of simulation study 2 indicated that the adverse effects of ignoring the possible cross-
loadings are more severe than redundantly considering the cross-loadings.

Overall, the results of this study indicate that (1) fusion analysis is more suitable for multimodal data that
provides parallel information than separate analysis; that (2) through cross-loading, the proposed models can
directly use information from RT and FC data to improve the parameter estimation accuracy of latent ability or
latent attributes; that (3) the results of the proposed models can be used to diagnose cognitive structure and infer
other cognitive characteristics such as cognitive styles and fluency; and that (4) the proposed models have better
compatibility with different test situations than H-MCDM.

Keywords cognitive diagnosis, multimodal data, item response times, fixation counts, cognitive style, eye-tracking
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for (n in 1:N) {
for (iin 1:I) {
Score[n, i] ~ dbern(prob[n,i]) #Score 5 H /EZ K &

for(k in 1:K){w[n,i,k]<-pow(attribute[n,k], Q[i,k])} #attribute J&:; Q %E[4
prob[n,i]<-guess[i]+(1-slip[i]-guess[i])*prod(w[n,i,]) #guess J5 M S5 slip iR Z 4L

FC[n,i] ~ dnegbin(p[n,i], h[i]) #FC H: ¥ & %k
p[n,i] <- h[i]/(h[i]+ mu[n,i])

mu[n,i] <- exp(m[i]+lamda[i]*inprod(attribute[n,], Q[i,])+epsilon[n]) # m FLHE5REF S H; lamda 28 LT ; epsilon A

S

logT|n, i] ~ dnorm(mu_logt[n,i], den_omega[i]) #logT X} H VE%2 i ]

mu_logt[n,i] <- zeta[i]-(tau[n]+phi[i]*inprod(attribute[n,],Q[i,])) # zeta i} [H] 55 &£ S 4 tau WEAE NN T )% ; phi 28 XL 3K fif

3
for(n in 1:N){
for(k in 1:K){

logit(att_prob[n,k])<-gammal[k]*theta[n]-gammaO[k] #gammal J& X /3JF; gamma0 J& 1 ; theta & B ZERE 7

attribute[n,k]~dbern(att_prob[n,k])
i
for (nin 1:N) {
theta[n] ~ dnorm(0,1)
person_parameter[n, 1:2] ~ dmnorm(person_mu[1:2], prec.theta[1:2, 1:2])
tau[n] <- person_parameter[n, 1]
epsilon[n] <- person_parameter[n ,2]

)

for (iin 1:I) {
slip[i]~dbeta(1,1)
guess[i]~dbeta(1,1) T(,1-slip[i])
zeta[i]~dnorm(4,0.5)
m[i]~dnorm(4,0.5)
h[i] <- 1/prec.h[i]
v[i] <- mean(mul[,i])+(1/h[i])*pow(mean(mul[,i]),2)
d[i] <- 1/sqrt(v[i]) #d B [a] X 43 BE S8
den_omega[i] ~ dgamma(l, 1)
omegal[i] <- sqrt(den_omega[i]) #omega Fif [B] 4% & S 4L
prec.h[i] ~ dgamma(1,1)
phi[i]~ dnorm(0, 2)
lamda[i]~dnorm(0, 2)

i

for(k in 1:K){
gammaO[k]~dnorm(0,0.5)
gammal [k]~dnorm(1.5,0.5) T(0,)

}

person_mu[l] <- 0

person_mu[2] <- 0

R[1, 1] <-1

R[1,2]<-0

R[2,1]<-0

R[2,2] <- 1

prec.theta[1:2, 1:2]~dwish(R[1:2,1:2],2)

Sigma_person<-inverse(prec.theta[1:2, 1:2])

r 1 2 <- Sigma_person[1,2]/(sqrt(Sigma_person[1,1])*sqrt(Sigma_person[2,2])) #r 1 2 I LT#E5
O R AL

}
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