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(VTP R A= 0BG, R, 330022) (P WTIMU R = 0B, 44, 321004)

B OE RSN, SRR, JCHRBRAEE FBEYUEI , ETE S S BB T 22 T L B2 R i
BPER AP, SR, FRTTEAAIZ WGk, Bk i AR5 i T 98 T A R BRI — IR, AT 210K
Tt F R AR S A RIS WA R A, Tkt — OB R (K IA HIHZ Wi A R —— 1R Tree—LCDM , AR BERS [ I 25 L& B2k AR
B FNBEAUI I B 500 o SR TG TR B4 B S AR SRR TP RO, WFSERHT Monte Carlo ML 56- 15 FLIZE 20 AR ZS
BT . BT S A5 R E W], BiJT &1 IRTree-LCDM TE# R 5230 55 4 T B S EUG TR LR B R AP, [N, 5Ltk
HIZ WIS EIAT L, IR Tree—LCDM AT AR i, X Bl A J P ey R A< B EDHE I 946, MEAFNME AR Ik 3] 783,
BEAh, IRTree—LCDM 7RSSR T AEAS T 47 Hbth 5 FUICHG ,  HoO Bt ny Jm v R U Al S5 B ksl SR 3R],

IRTree—LCDM TEAR P S5 1F24 7 1 HA 2 WM EAE X,
X$ER

1 5]

RO IR a0 ek, )46 it ) 25 38 2k M
PR AVEE SO Rl FL O BRIk e ) o X —id
[ s W 0 /0 VIR == 5 N 1 T S B

(item response theory, IRT ) , % Jy 725 i 1 K I &
BRI H RS AU, FRPES B Ao
Br, IPPAL B SRR K. SR, B —1%
OIS FEE MR A RN FIZ BTG (cognitive
diagnosis assessment, CDA ) J5 1 U AS Jay B X ik
TR BT PEAL . CDA & 3 T 40 B AR TE SO0 2
TN AR I TR RR s IR 254 (IR A% 5
2019) o SHEGEITEARN, CDA @RI gEE R 1
AT, RefE i AR . He e dR
FRNHIBE ) BRGNS XM A UE s T 1
R FIR IR RE ARG I, A A HE RS T
TR TR IE B MR — R R AR %
ALy, CDA FEHEREIN E FPEAL B O RO AT A |
I T A REFNRRSSH 5 T A 4E T 2 G EZERIVE,

[l

NHSHWT UH SOM A T E S BRRIE BEDLAI

EIE T AN RO RS, B B R AT
TR E B S TR, IIMTHEF TR
GNES G-
TESLNE O S HE T, pF5E B0 T i i
— FRIWKG OB A ) AR 75 5200 35 ) O BRR S
REJIFRERT L) R AT MAtn) . R0, SEBREfEfE
D) 55 it 00 A D TR — S R 2 Ak, B Az
FBIAEBAT A I ITAS BE VA b S e H: LSS Y0
HLRZSSRF B (X, XLz, 2021) o XAELER
BENERERZH, WEEADEm, AR
IS ARG OL . AR I RE S . 2R
OHEE SR AEZ PR SFER R, ok
Z 5T K, B I 56 ik A v 2 H B — 2 R
TIEWARE Z NN S0 RONAT Ry, BNk KA
( miss response; Holman & Glas, 2005 ) . 1 M /E &
( guess response; Wise & DeMars, 2006 ) . i H Al
(item preknowledge; McLeod et al., 2003 ) A HLIHAE
& (' mechanical response; Kim & Moses, 2018 ) 5%,

* AT R E S IR IE ST H (62467002, 32160203, 62167004, 32300942 ) %t H).
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R R, R EZ R RIS B o it
R AR T | R BRI S T2 R 2%
XA 22 AT e 2 I 55 I 56 A 15 B ARG, AT S
FEAA I A B N S A5 R A R, e, X 2w
25 AT REEASAIEGT & TCIA TR PEAL M2 W ) L 5K
CIRRFRECRE ST, HEMIGZ0 S22 20E T AR
( Glas & Pimentel, 2008; Hsu et al., 2020; Kohler et al.,
2015; Kuhaetal., 2018 ) .,

TERZ REEAEEAT T, R AR OCE M
i Ay H UL HSE ) B K AT 2R AL SRR
BEBLAE I, 7E.0F SEF W, Sk AR ikl
BLAE U (9 A7 AE JE % % WL ( Cao & Stokes, 2008; Liu,
2021) o SRRAESE 8 A EAE A To: Sk B
R E RESLT, AR I T, A 2
5o s A A BRI U W FTRERY
Jir DAL FE B ] R L 250 RS s LA Bkt B AN
A& %% (Huang, 2020; Liu, 2021) . Bl HLA I — g
MAEEPRErh, WOATEAEL ShPL. ARZF I A 2
BONFIE 57 B TE LT, 8 bl s e R0 S LU R
SERGMNE (Jin et al., 2022; Lu et al., 2020; Rios, 2022;
Ulitzsch et al., 2020b ) . X5 Al & EE 1 aliky
JRTE, ANge B w i B ) sl ke i ) B SE KR
( Cao & Stokes, 2008; Goegebeur et al., 2008; Jin et al.,
2022) o SRRAEZFNBEALAS I PO A S 1 7o AN
FEMNR P S B, T EH SR A5 5 A T IR Y
TR . BRICAEZ Y B e R P B A 52
2SO <1 B2 I g O Py 1y W A G K o e 1 1
SR i) L SCRE ) AR BT, REAILAE DU S A T
MRS IR, AT AR R L, A
RISHLIAG TR 253G T, DT R AR 565 14 A v
PEFIX A3 BE o (EAS— 4RIV, TESLhRilge it i,
BEATLAE I R AR 25 3 P D S w4 T oA B s [ B o
B, IFIL[E] SZ e g g R . XX R AT AMY
O T EAE AT AR I B A I AT X B
BB 7 L AR BT () PP B IANE E AR E . B
ki, FENUAE AT RE 8ok o e, sk
s ] RE R BUR - IR BE IR A SR . XA
A AF AR PR A5 000 56 255 SR e L v IR 1) 52
e Sk

HAT, fEINFZW ik h, £ X) s e /R 2

BEMLAE I A AT B = . B MBS R 24
TR — R TR, MR 24 5%
NIHAERIETE . Heoh, BUARBFFE T, 8= 3wt
R 2B S T VR ) AT S B AR TR IA 2 W
BAL, BT UL EHE R, ACETEEN 6 R
ief 2 B A 2 TR0 Bt AL A 3000 VG o S 2 o 1) AN R0
WA (B IRTree-LCDM ) . B 4545 158 HA 114
&, TH RSSO S 20E W v O B e
PR B A, Bl i 5 AR AR ) R A AR
%, WReRmZ G ER R, TR R A SRR
A, AT R AR S [E) P A A A
A58 2R £ ) B R AR 22 48 32 BN FE SR AR 2
6L [ 1) 5 M 7T 7 26 AR R AR, e — AN T 240
YR AR 28 o A5 S A Ry Bk G s v i)
Bl BILAE DU ) S AH OG0 H 288, DA S VR 28
Jr B2 iR 25 . SR Y 0 A BRI I
BN G R G TR 22, B A IR Y
WrER T, JFEE— 20w A RNZ W oG T
S RN BT

FE RSO, ARSOH B e 4 IRTree-LCDM 45
FISERHAITR, B TR ) A BB 75 Y AR S o A L
LN AR U S 7 SN PR R N e 22 2 T i
BAGITHE RS, IR SN AN s A 4 70
oo R, ASSCREBTBIRIN BT B0 8ds, B
TESEBREE S 4T H A 2 BRI AR

2 BEEEM

2.1 X E e N iz Wi BB (log-linear CDM,
LCDM)

X 28 PN T2 W B A (log-linear CDM,
LCDM ) (Henson et al., 2009 ) 61 T kIR0 . &
PR RO BRI B AN, H R EERA A
A (1) AL (2) -
exp (/11‘,0 + A{ h(a, ‘Ii))

P(Yni = 1|an) = ,
1+ exp (/11‘,0 + A h(ay, Qi)) (1)
K k-1 K
A h(a,q) = Z Ak %Gk + Z z A ki Qe X
k=1 k=1 k=k+1
K
Qe + -+ i 1_[ Xniik » (2)
k=1



ERimE A EREEETMRIBNER AN IERF LR LN AR 209

Hor, LR EIESE, BHRRERTH |
AR AT ] Ja P T 28 X2 00 H 800 K/ AT h(ety, q1)
FR B RN A BN . At fEIH i
X JE M kB ERON, AR R A X E
SRR, Ay bR o Ao 227 B [ 2 42
PE & FUEYE kX EREA T E § B0 KN Ao
IR T A BRI A B AU
2.2 Rasch &7l

Rasch 57 ( Rasch, 1960 ) J& 4 FH R H
RN R Z —, fP}AZ 5 Rasch 4, HERIA
A (3)

N exp(6, — b)) (3)
PO =1) = 1+ exp(6,— b))’
Xl Xz XS

()

Hrfr, 0, 090K n VSRR b3 H i
(AIMEE 280, Rasch B [ e K4 02 HAA MERE
—NIEHZE, BASE0 . SRS sz 3
MR ENI 2 (B, 2012) .

2.3 T H [k tsE A

5 H 8RR (IR Tree; Debeer et al., 2017 ) &
FAWES R H SOWAR, AR N ER T AL 4352
it =AW AT R S AR,
AT LA IRT BRI RN, i 3k AR e ¢ s 1y 28 3
A ABE 5 B Sy e ok 0 49 ORI 0 S R 3R e AR
IRTree F7Y () FI 55 78 T REMS 25 & MR A B S
5, 0] DAAE— e FE R Rk il = A de LA A
ATREZE I PR OB A . S DR AT D2
By, Wl PUEmER, WE 1 PR,

(b)

1 %142 IRTree (a) FHEZR! IRTree (b)

3 EEHLIEZTIREYENAIAIS BT RS
( IRTree-LCDM ) F %

AR S S T00 H B Ry RS AT B0 H B
AR, FH AT R R Wl Bt S TR0 s R ) gk
e, BORIRESRGNIA] 2, AEAY B g 2E D 56 iy 150
AR, —FRIERIEE, —REFHIES.
Mk SR VEA S, WA T REAEC PR SN
AR I H Bk s DL H . 2%
HEAMFSE, U Debeer 55 A (2017 ) . Huang (2020 )
1 Ulitzsch 8\ (2020b ) HYRERL, XA Hi e Fl 2
AR PAST ABE AnE 2 AR

F 2w, P(X®VRIER AR, PXW)
IEE R, P(XOD) B AR R,

P(X©O)hyssxt UM%, 1 FmMEREE R &N, 0
FORMEELE Rkt MISS Fom BHR Bk 1R
Bk X Y FTI E SR R IO R
VR . RAAN . BEB . BREHM. Faiik
TR S RN, FA T EEA X =0 F X =1
[

B — AT X OFR BRI S RT I H_E R IE
AR, f#11 Rasch BIEORFRK, HHaRmES R
RSP N IERAES TSRS, Yx® =1, $i]
PR EWER T ; K2, Yx® =0, B
Pl HEAT T W /R . A Rasch #6871, Wiz Y
R0 b AR AN

0% — bf)
p(x® = 1) = —oxP(0i b (4)
(m ) 1+ exp(6% — bF)’
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P(X(R))

1 0 MISS
[ 2 IRTree-LCDM 1EZ2E

Hor, bR FoR B i MIEW R, oF Jwk
K n P IEFAEZ ] .

5 AT R R BB RS T x ), il A
HIAHIZ Bl ——LCDM 2635, Bk %o ik
RRECRH LCDM, BARARANTF

()~ 11a,) = (20 — A h(@y a)) |

1+ exp (Lo — A/ h(an q)) (5)
/HQEF' , K K-1 K
Alh(a,, q) = Z i @ik + Z z ke Xk Oy
k=1
K

k=1 k=k+1

Qe + -+ dig Bankqik: (6)

Hrh, apFm Tk n B2HEERTBYEL W0
KL ESR TEME b, 2o =1, BN apy =0, K
I H R, LoREIESE, KR
H i P AT B JE il n ARA 42, EIE
THERZEXTIZINH BB KAN; Agge i H i il e
H IR kB R, Fnpik n EARZE AT
I H FRERN; Apgo 2 d55H @ Fa bk & fE
P& B HRN, e A B 2402 150 PR )~ T P %o 22 %6k
2 E BTN Aico k4R T X 25 %6 150
H B350 o A XS T H i AR 3 B RN |
TR RS BN R logit T2, BHg FoRUL,
H4E LCDM myPERT, FHX SRimt il ek, #
WERM B T2 280 %50 H AR

B =AY AR AR R X DR R AR
MESE, B H BRI e e AR ) R % R 2

1 0

{ERE, K Rasch BOBRUHEATEAE, Wk n ZETH i
R RAR S IR -
exp(6M — pM

P =1)=13 :x(p(ey —b)gw)' (7

Horp, bYFORIH i B ME, 0M N HK n
(BRI B ] o

S5 DU SO LI 2 x @, MR 4% LCDM
FIEC RS, T H IS BN A R JE P
OPNES NI TN O AR e SN VS o 4 N R
AL X AR A SOA A 4R %500 B i 8 1
M RHEIHER (Hsu etal., 2020) , Bl LCDM HiiH
SR logit XX, WBN.

© = 1) = _PUo)
P(Xi _1) T 1+ exp(yp) (8)

TEARETIRERLT , Balpf A LB = AR,
IEFVEEINH | BRRAEEIH FIBRARS . Y il
Bk n FERH @ DERZAREWEER, YV, =1 Fnpal
IEBVREINH s Y, =0 FoRPalifiRiEE i ; v, =
MISS Rl H LSRR, NIRRT AR5
LR

(1) PaIERV R IR

ARYERE 2 W] DUE I, Bl Em /R I H 1Y
WERTEIE R ARE I OL R X HIMER S WA
T OL T BEDUSE X AR A, 10

P =1)=P(xP =1)P(x =1)
+r-P(x® =1)|[1-P(x& =1)] P (x@ =1)

(9)
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(2) B FRVEZ RO
PAAFEURAEZ T 0 AR IR WA S OU T
BRI ST S R 00T BEAILAS 5 A5 AH
i, Rp:
POy =0)=P(xP =1)[1-P(x{ =1
+1-pP(x® =1)|[1-P(x{ =1)][1-P(x? =1)]. (10)
(3) BB RAEE RIS
PR BRI AEA LA B A T S VRS
AU STE SR WA O T D SR RT3 AR
R
P(Yy = MIsS) = [1=P(x% = 1) x P (x4 =1). (11)
o S UL AR, S5 T BE TS B AR -t e R
MV, B AABRFEHTIT & IRTree-LCDM il FI & £k
%S LCDM, B4 48 LCDM J& A8 58 IF K (A%
R —E0, [RIE, ASBFSE R LCDM AEAIA
FHZWRY, o n] DR AR R A2 B AL (4N
G-DINA, ACDM, DINA &¥ DINO %5 ) #4784,
PRI B Ry R | 3 PR B iR

4 IRTree-LCDM WIS #&iT A%

ATHFE R DL SR BEHR SRR 2 (Markov
Chain Monte Carlo, MCMC ) & 7% 3f 52 Bi B 452 Al
IRTree-LCDM (XS %fi11 .

XIRERIEA T 280G T SeRE 2 e S5 ek
fRE, SEER S munT .

BRI B AEZ ] 5 R AR il — T I
AT

R R

(o)~ (Ci22) Soeren).

Hirr, pgr 55 pgm 2 A3 1E o A 25 A0 1) R R AR
A X AE, G E R 0, ZpersonIM H 1 BE Ny
2, KGR A Wishart 434f ( Huang, 2016,
2020) , HJI:

Yperson ~ Ianishart(Lperson, 2),

HirpLpersonte—A~ 2 x 2 PN IS

T B TE AT 1 {5 R 20 1 A 55 S e
(15 ., & H Ulitzsch ¢ A (2020a, 2020b, 2020c )
MM, BRI H IE#VEE SEIRMNBEN R, Jr 2
HrgHTEAS s T A2 B M
M, FrERG A, AR

(12)

(13)

R N ! A
bi ~ (R’_), (1 )
i ;OM ) ( 15 )

Hr, SR MM ERAIIE R 0, 2N
10 {55 0630 IEAS 0 M o #BSH O F1 O, HB AR TE
RSECH 0.01, RIEESECKH 1000 BN 54, HAK
WEIT .

R ~ N(0,10), (16)
M ~ N(0,10), (17)
Ox ~ Gamma(0.01,1000), (18)
0y ~ Gamma(0.01,1000). (19)

HATAZE, WEESE. E800 . ZHK
WARM—AZICIER M, BARBCEINT

Ao Hay
Aik My
A |~ N | P | o Ziem | (20)
Aick) Faic

Hrb, @SR IE R -2, 720051
IEA; HMSE RN IIE R 4, TT2E R 051
BRI M, BESBIRMISE R 0, J72EH0 0.5 11
B, HARBEEWT

Ha ~ N(=2,05), (21)
Hz, ~ N(4,0.5), (22)
Moo ™ N(0,0.5), (23)
Ditem ~ INVWishart(Lisem litem), (24)

Hrp, Lm0 B Z 0N RE, e/
HIWHHESE.

JE SRR SR E S Zhan 45N (2019)
—5, HARENT

¢, ~ categorical(r[1: C]), (25)

n[1: C] ~ Dir(A[1: C)), (26)

Hop, chFra T Rer B MR, — e 20
A, ce{l, -, C g TAEMMERMERNE, A
> dirichlet 7341 BT S, — MO8 (1,1, 1)0

5 5t 1 IRTree—-LCDM BYTERELE T

51 5t
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RIFFE R 3x2x2 x4 WA Z L, W
B R AR ] (2.5%. 5%. 10%) x FEALRE M L
B (2.5%. 5%) x FEAE (1000, 1500) x AbFH
75 ¥ (IRTree-LCDM., LCDM-FCS. LCDM-CIM .
LCDM-ZR ) . 8 H %fci [ o 30 &, J& PR 4 [
ER S A o ANSLEGY Q HiFFIR B AE de la Torre (2011 )
5 Q HEFERIFEERE L3N T—> R A RERE, DA
BHESEAG RS, BRI 1,

AR VERHI0E, T IRTree-LCDM AEMS EI4£ )
W& EAE B, oR A M, DA
AW 7T v Ab B 5 3 TRTree-LCDM 35 1192 ] IRTree-
LCDM EHEHA 725U, 1Mif&4ih LCDM 1EikTT
Y R T 0 11 3 AIE S VR RS I, ASRE B
FF A& s sds, FI A4S LCDM 4387
BRI T B X S A A TN, 7R AR ST
(Cai et al., 2023; Dai, 2021 ) , B¢ 0% R H5E4
S5 #875 (fully conditional specification, FCS ) | &
IETHPE (corrected item mean, CIM ) i flIcE#s
e (zero replace, ZR ) 575 PEEA HIR KR A LA
TEAHFFEH, AbFE 7% LCDM-FCS. LCDM-CIM ,
LCDM-ZR 43|38l FCS. CIM., ZR =FJjrikii
MR, L% LCDM #7353, 1%
TR, RSO =R UL A R I SR i
TR TR, e B e i e T {1 T AL PR e 4
Hedi BN -

(1) FCS (Cai et al., 2023 ) J7 iRt A(E 2
FAHAMG— B, HIEA AR AR L 21 i AR
BN 0P L 7 (FIN CEBU v AW D I WL B S S5 € B A W
#ho FCS i it Ry BB MR 1 A8 B E L — B
AR B SEURMEE R SR Al 5 A M A p (Y0P, Y™is|9), 43
HMELIRSE R T B AR e R () AN SR
TSR | RO ) BERRI)— R AR
ST B SR T I R AR, A IR e A LA
B, FCS Fk BT A SR & 1 b
HAORUE, 2655 ¢ B TR AR AR DL
i«

G~fONFIYEL ). (27)

YO f(ymis|yebs, vt , o), (28)

Horh, 05 A AN AR ¢ Uk AR I X
R 2K, f(9)) 2 2 005 14 5 3 M R 40 A

FOEIYSh, 9 Fom g Hotb B A A8ty (BR T
55 j A I 2 SN T S i ) TS £ -1 YGRS,
SEBHOFIGE j AAE R VIS YY P B R A
YISO RS kPRI 5 AN R B4 A
oM, FOTOlYs, YY, ODFORTELELS j A
A5 O FRAYY 0P | A BT A Bt Y ¢ Rk
REPIRES, BRI S EO MRS, ) sk
(B TR ANY TS M43

(2) CIM (Dai, 2021 ) e HBE R E &5
FR A HABAR S T30 S S, AR A ok
L S AR I 1R DI 3 i3 P A R T
M, AR A M,
NN

Yn.
1

mzn Vi

Hrr, My el n AE35 H 0 EEJAE A
Y HWR n ZEMGS A A EZAF 5 ME, Y oh
ARSI E @ FABAEER S EIE, 1 obs,
EARAEE T H AL

(3) ZR (CREHRS: | 2022) JridHNE BRI (E T

H0 53 XFPAb T AR SR BE % AP
i, BN T s el U i sk 4k
P, SRAEZRE P 0 b B,
5.2 i
521 WX SEHEY

MR Q AERFIRE Y 5 NEE, AT rTRERY
JE AR (knowledge states, KS ) , HAg 25 Fif,
WA 32 Fie B JE M ERI S o X 32 F
KS H AL, 3 T 8 R 28 (0 ) AR A ) A
— AN IIER A PR, HRE R 0, Jr
T 2R AOCER R 1, AEXHALAIOTE R -
5.
5.2.2 T HSHHA

I H ZEBUE S T RI2EMF5E ( Debeer et al.,
2017; Huang, 2020; Ulitzsch et al., 2020b ) (4, H
R WHSE, MEESE. FR00 . KR
MZICIES S a:, Kb ZICiES s i 4ME
iR 2, 4.0, JrZED I ZR M AEXT TR N
0.5 FYERNIHERE . ANIRL SR AEZT LB T A I VR

CMni = y.i' ( 29 )
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&1 W Q%R

WiH el
Al A2 A3 A4 AS
1 1 0 0 0 0
2 0 1 0 0 0
3 0 0 1 0 0
4 0 0 0 1 0
5 0 0 0 0 1
6 1 1 0 0 0
7 1 0 1 0 0
8 1 0 0 1 0
9 1 0 0 0 1
10 0 1 1 0 0
11 0 1 0 1 0
12 0 1 0 0 1
13 0 0 1 1 0
14 0 0 1 0 1
15 0 0 0 1 1
16 1 1 1 0 0
17 1 1 0 1 0
18 1 1 0 0 1
19 1 0 1 1 0
20 1 0 0 1 1
21 1 0 1 0 1
22 0 1 1 1 0
23 0 1 1 0 1
24 0 1 0 1 1
25 0 0 1 1 1
26 1 0 0 0 0
27 0 1 0 0 0
28 0 0 1 0 0
29 0 0 0 1 0
30 0 0 0 0 1
%2 FAAKGTEZEERNEMRIMEERNELE
Bk Ll FAILAR 0 L 5] EH A HE B AR B
2.5% 355, -345. -335, -3.25. -3.15 04
2.5%
5% 3.1, 3.0, 29, -2.8. 2.7 1.2
2.5% 3.1, 3.0, 29, -2.8. 2.7 0.4
5%
5% 2.8, 27, 2.6, 2.5, 2.4 04
2.5% 245, 235, 225, -2.15. -2.05 13
10%

5% -2.25, -2.15, -2.05, -1.95, -1.85 -0.4
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&3 7£ 1000 AEGTEBMBHIERRERFERMLLE] ( Bh: %)

KAt SHEHAA 1 SR 2 SEHAE3 SWHE 4 SHWAES SEHE 6

IR B B B B Bk BEHL B BEAL B BEHL B BEAL
1 2447 2363 2640 4803 5063  2.603 5080  5.013 10507  2.643 9.540 5.110
2 2593 2653 2733 5137 5183 2643 4790  4.703 10.120  2.233 9.747 5.150
3 2353 2333 2717 4880 5293 2637 4990 5097 10313 2330 9.197 4.990
4 2783 2677 2647 4937 5383 2540 5210 5240 10373 2573 10.397 5.050
5 2610 2623 2887 4937 5093 2480 5210  4.800 9.813 2.470 9.517 5.027
6 2560 2477 2350 4903 5550 2390 5137 5100 10280  2.673 10.147 5.360
7 2820  2.623 2607 5380 4997 2510 5333 5210 10457 2363 9.450 5.083
8 2753 2.640  2.663 5203 5.047 2500 5127  4.903 9.993 2.580 9.990 5.237
9 2.503 2.257 2.610 5.033 4.903 2.477 4.950 5.410 9.990 2.480 9.513 5.200
10 2.463 2.510 2.683 5.237 4.740 2.577 5.330 4.887 10.597 2.510 9.763 5.343
11 2737 2547 2680 5087 5167 2520 5430 5217 10.710 2480  10.177 5.200
12 2413 2470 2747 5120 4910 2530 4887  4.890 11157 2.537 9.863 5.380
13 2553 2500 2723 5077 5447 2620 5280 5377 10.637 2570 9.897 5.250
14 2353 2493 2480 4843 4713 2570 5350  5.203 10530 2377 10.003 5.173
15 2.373 2.683 2.437 4.837 4.853 2.503 5.030 4937 11.200 2.550 10.230 5.030
16 2.490 2.337 2.487 4.877 4973 2.443 5.167 4.993 9.953 2.437 10.210 5.510
17 2747 2363 2.733 5263 5173 2540 5240 4920 9.930 2343 9.603 5367
18 2480 2497 2610 4893 5353 2460 4790 4900  10.587  2.620 9.857 5.083
19 2747 2517 2640 4963 5067 2600 4907 4983 10.140  2.553 9.910 5.410
20 2.660 2460 2703 5297 4783 2617 5143 5267 10297 2477 9.963 5.440
21 2.567 2.753 2.497 5.020 5.210 2.357 5.383 5.093 10.487 2.493 9.423 5.350
22 2.693 2.600 2.703 4.903 5.137 2.523 5.037 5.133 10.720 2.483 9.387 4,963
23 2667 2657  2.663 5107 5253 2423 4803 4953 10277 2457 9.763 5.053
24 2477 2457 2680 4957 4930  2.683 5723 4.957 11.063 2577 9.207 5.023
25 2490 2513 2737 5240 5100 2550 5123  4.943 10357 2377 9.977 5.303
26 2460 2333 2550 5153 4913 2543 4677 4927 10600  2.650 9.550 5310
27 2.673 2.570 2.583 4.903 4.930 2.447 5.120 5.207 10.280 2.380 9.660 4.960
28 2.497 2.500 2.747 5.113 4.760 2.393 5.100 5.343 10.197 2.547 9.973 5.123
29 2300 2430 2447 5100 4913 2450 5220  5.107 10.790 2533 9.573 5.157
30 2717 2.647 2790 4887 5147 2447 5133 5010  10.143 2437 9.293 4.823

Mean 2.566 2.516 2.639 5.036 5.066 2.519 5.123 5.057 10.417 2.491 9.759 5.182

e SERAE 18 2.5% e 2.5% BEbL; SEHALE 28 2.5% B 5% BEHL; SERALE 3 0 5% i 2.5% BHL; SR LG 48 5% Bk 5% FfifL;
S AS%J 10% B 2.5% WiHL; SHALA 6 N 10% Bk 5% Bt

(EBCNIE D 4 19 5 DRYAEIE(E, HE 6 WRBENL BRI BIE R BB E Ik 2.

SPBCZR A I BRI B E N A4 10 H — 2 5.2.3 fREHEFFHY

IR B REAS DRAIE B UL VR Bt PP R R A2 RIS LA HZHL (A C9).(10),
e RIS I ) L GRS R o TR VR BB 1S I Al e A I _EIER % |
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FEDREZFIBRRAEZ IR R, Rt e Bl TE 1
AMEH FRVEES R, B i A R

R 3 J27E 1000 A S FELUAY 30 Y Bk
JAEEANBEHLAT I 3 Eit S0 He i, 1500 AASHY
EDL S 1000 AFEAFARL, X BURSH LA 4 TR
5.3 Sl SIEMbRE

fifi F1 8 4F R % 5 (Version 4.2.1 64-bit; R Core
Team, 2022 ) FI#K{F JAGS ( Plummer, 2003 ) H Zwfi
JPRSEHL, BRI B 2 SR 5 R BHREE,
A5HE 25000 YGER, BAREERY G — kAU TR
ZRHEWT

SRS BT TR A RO 4 gl A
T RGBS H S, ERNT 1211
{8 2 78 W 84 ( Brooks & Gelman, 1998; de la Torre &
Douglas, 2004 ) .,

ZHAGTHRG R T ZECNBO 2 Bl TR
J&PE A 45 A5 O Bias H1-F- 22 46 %) 2§ 22 468 B8 ( Mean
Absolute Deviation; ABS ) , A0 Hh:

D '~
T Y Ry - )
Bias(®) = Dx] (30)
ZDz Zl-z Ty — Ty
ABS(ﬁ)= d=14&j 1| ] ]| (31)

Dx]

Hrp, D RRSEHEE AL, ] FRomIH B,
Yk, Tafima s M RSEAES d KER TS
Bt HE R LA

B M B A TR BE P 8 s R S =X
) Ui % (pattern correct classfication rate, PCCR ) /1
J& PE 31 bR #] E 2R (attribute correct classfication rate,
ACCR) , ~xN:

Tzt Znet (1@ @)
DXxXN ’

Hrb, a, fa, o3 5 8k n Al HA5 20 09 Ja 2
FRAIRSFESL B EIRIRES . Ha, = a i, Uil
Bk n YRR EIRRS AT R S B R
PR 22, WEFIER 1, B IR 0. D
RESLEIREL, N R gkilEk, PCCR BITE RN 0
F] 1, PCCR A it BB R Xt i i A5 ) o ek

=]
[A] o

PCCR = (32)

Zg=1 Zrl\::l (I(ank' ank))
DXN ’

o, @l a3 0 8 83K n Al A5 2 19 )R
PE & EPRRS TSR/ T kA ERIRES, Y
e = i, LR n XFEYE £ AY IR S Y
fET45 R S5 B B T kIR R S — 2, e
HH4 1, S0 I{EK 0, DFNK & XIE PCCR,
ACCR [AE ML XTI B B YRR Al
54 WFRER
5.4.1 IRTree-LCDM S5t B2 BiE

[RTree-LCDM #ERIZE A FPSLI0 454 T B BICR
7 812 3| 882 Z[a], Pk 851, RKWIAIZELAL
THEAWSL ., 7E 1500 AT, ARRISEUG IR
BRI 854, HIEL 1000 NS T (SR
BIE A 848 ) At , X —Z5 R T HEARR
I —E R L R M R SR ST AR e T

4 TR 5 73 HEHTEAL IRTree-LCDM 7E 1000
AL 1500 B2 450 B S50k PSS R 78
BT, T H S50 Bias 75 -.046 £ .102 2 [,
KB HEL T 0, PR HAN X —S504h, HAth1i
H %0 ABS #R42/N, 1£.070 2] 352 Z (], i
BRI H SE TR B A . S5 HAbI H S8
FHLE, S E X —I H S8 TS R 2, X —
SR ST AN — 8, AR A R, K
RN SECAG TR BEAE AR T U SO 30 2=
0 (Jiang et al., 2016; Peng et al., 2022 ) .,

MR 4 TR 5, BRI rh gRFN M PR A~ 9l ik
SR AL TIRE BE A P32 3Z Y0 N, Bias 7F -.011
F|.007 Z 8], ##EITT 0, ABS 7E 447 3] .697 Z
B, DR A B S B A TR AT . G
R B, 0 H S5 pM e S EeM v Al
TSR A BT s, pMAY ABS M 126 & 194 T %
F| T .075 & 116, gMHAY ABS M .662 & 697 | &
FT 616 & 672,

XTECE 4 e S T LA, BEE REAS RN,
KBTI (I H S50 Bias #HZIET 0, ABS
N VAT H Z8pM N B, T 2.5% SR 2.5% FEAL
REMX — S8 5514, FEAC S 1000 AHT, Bias
5 .097, ABS K .194, i Y4EEA R 1500 AT,
Bias Fil ABS 735 F F# %] .007 #1130, X IREA
AN B T H S8 AT B A S . Ji4b,
7E 1000 A5, #2400 Bias 75 -.011 £ .007
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B #

i"

% 4 IRTree-LCDM S#H9RE 4 (1000 A )

2.5%8 4% 5% 8k 10%{%
BH 2.5% BRI SOLRHLA I 2.5% BRI SOLRHLA 2.5%BALAH I SRR
Bias ABS Bias ABS Bias ABS Bias ABS Bias ABS Bias ABS
Jo 004 173 -.005 183 -.002 184 026 186 010 181 018 191
i .008 313 007 352 .008 320 -.009 343 -012 335 -039 340
Do i) -.029 760 -.041 735 -013 734 060 723 005 769 -.046 784
B 056 151 025 135 037 106 030 116 002 083 006 089
M 097 194 045 126 102 145 057 122 003 135 003 109
6% 007 608 -.009 590 003 535 003 529 -.001 447 006 457
oM -011 697 001 663 -.005 678 .005 642 003 672 -.007 616
% 5 IRTree-LCDM S##5B EL 1% (1500 A )
2.5%iik 5%t 10%3 2%
28 2.5%BEHLAE I 5% BEALAE D 2.5%BEALAE I 5% BRI 2.5%BEHLIEI 5% BEHLAEI
Bias ABS Bias ABS Bias ABS Bias ABS Bias ABS Bias ABS
Jo -.004 148 001 145 -.007 149 003 153 024 165 005 159
i -.003 264 022 286 .003 277 -.008 301 -024 291 -038 303
Do i) -019 700 029 730 037 723 -.009 732 003 763 002 776
B -.002 117 047 125 018 101 -.006 092 004 070 .000 .074
M 007 130 084 129 059 142 007 093 030 116 -001 .075
0" -.005 601 -.005 583 -.003 536 .000 526 -004 451 -007 453
oM 005 684 004 662 -.008 675 -.004 635 003 666 -001 621

ZIA], ABS7E 447 3 .697 Z[d]; 1F 1500 ASMEF,
i S50 Bias 7 -.008 | .005 Z[[], ABS fE 451
£ .684 Z[H], X—H5RUH, FEARI/ IS
BOAGTTRGE BESZ AR N
5.4.2 IRTree-LCDM 5 LCDM 2 Wi IEAf 2 L4

& 3 FE 4 23 50 &7 1000 A, 1500 A &4
f£4: LCDM (ffi[f] FCS. CIM. ZR =FhJ7 it
JAHEAL ) 5 IRTree-LCDM B i@ MR 1y 25
Lb#. K5 FE 6 43 B2 FE 1000 A, 1500 A &1
&4 LCDM (fdiffl FCS. CIM. ZR =Fh)5 ikt T
BRAEE R ) 55 IRTree-LCDM FExUHNER TS5 L L

TERTR SCH 56 T, M T145: LCDM (ffiH]
FCS. CIM. ZR =i T R4 ) |, Hifk
RS RBURAS . 3ok, 16 =R IR vk,
TR R IS T IE AR R R B R 2210, Bk
M5, BRI AR S5 B4 F A9 ACCR ¥{E

1E 946 3| 965 2z [a], PCCR 7 .783 #| .851 2 [H],
JfH ACCR 1 PCCR HUPREZEAE .008 3 .023 Z[H],
VLI RIRU R MR AR IS SR Al iR . it
F FCS J5 kB il {E )5, f£%48 LCDM 1) ACCR
PIE 7F 934 F] 963 Z [H], PCCR £ .745 3] 841 2
[E]; i CIM kB R EfS, 145 LCDM 1Y
ACCR ¥J{H7E 923 5] 962 Z ], PCCR 7 0.711 %] .839
ZIa); i ZR ik sk kb )5, 1548 LCDM 1Y
ACCR J{E7E 917 3] 958 ||, PCCR 7£ .696 F| .825
ZIA], JXEeZE RN, (AN [ A i fE AL 3 v
X4 IRE PE RIS T B A AN [ R BE RS, TR
AR R X e R A2 R E AT LA 1 T A I

Wi MEEE 3, K4, B S FE 6 aT LA, Rl
AR LI, F AL S LCDM (fiff
FHFCS. CIM, ZR —Friif i B ) s
PEHNEAR TSR Z 85 m, R —E 2
JERTR RS, LL 1000 NS5 R, 7E 2.5% kR 2.5%
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BEDLAS 21 R, HrA ) ACCR SF-HI{H A PCCR
4% 9k 965 F1 851, LCDM-FCS i ACCR - ¥4 (&
F1 PCCR 435124 963 Fi1 .841, LCDM-CIM [ ACCR
SEHI{E AT PCCR 4353l 4 962 #i1 .839, LCDM-ZR [¥)
ACCR ~F- {5 F1 PCCR 41 5 iy 1958 Fi1 .825; i 1E
10% B2 5% FEHLASINAAE T, BB i) ACCR -
1 {5 #11 PCCR 43 %] & 947 #1787, LCDM-FCS )
ACCR “FEHJ{E 1 PCCR 3514 935 1 .748, LCDM-
CIM iy ACCR “FEXJ{E A1 PCCR 43514 924 i1 713,
LCDM-ZR ) ACCR ~f- ¥ {H Fl PCCR 43 51| 4 918
F1.701, FHILAESE LCDM, SHiis RS2 S VR4 L)
FISEM /DN, X P A A A 1 B AR e

Wi 3, K4, K SFE 6 LA, SEdE
FEAESRIA R AN BEA LG I P b S5 5 AR R VB, A
WA B PE R AR AR, Rl
T8 LCDM (fif] FCS. CIM. ZR =#hJ7ikik
TTRRIERA) &

6 3L 2 IRTree-LCDM K5z FAFFZT

6.1 Hfladniik

ARSUERFFEHEHL T 2019 4F TIMSS /\AF- 4 %2
Mg H b 16 MEH , WsgiAth L EY A, X
16 MEHY O, LIt H, T 748,
HAP B number ) &I algebra ) . JL{T( geometry ).
FAEFIEE ( data and probability ) i N %2548, ( content
domains ) JEM:, #Ef# (knowing ) . Wi (applying ) .
P (reasoning ) A INHIEK (cognitive domains ) J&
P, BH QAEMEANER 6 rn. T TIMSS 46 X}
VEZE SO ) SRR A H 204, s 1 2R e
BMARAEENE o O T EBE B R S I Y b
oK, WP T EN B T eiE L, BRI A
AFFE T ER IVEE i . flin, TIMSS il
St 6 FNZA% 96 K/ AFNiL (not reached) . FR4E
R (sysmis ) LA ( not administered ) FFEZ

2.5%1R 552, 5%BE LA 2.5%35 5 5%l AL )
0.97 P — 0.97
=== — = [ —
0.95 0.95
ACCR ACCR
0.93 0.93
0.91 0.91
Al A2 A3 A4 A5 Mean Al A2 A3 A4 A5  Mean
ACCR ACCR
- » - IRTree-LCDM —#—LCDM-FCS - @ — IRTree-LCDM —— LCDM-FCS
—a4 ~LCDM-CIM LCDM-ZR —4- - LCDM-CIM LCDM-ZR
5%HR42. 5% LI ) 5% 5% L A& I
0.97 0.97
0.95 0.95
ACCR ACCR
0.93 0.93
0.91 0.91
Al A2 A3 A4 A5  Mean Al A2 A3 A4 A5  Mean
ACCR ACCR
- ® - IRTree-LCDM —#—LCDM-FCS - @ - IRTree-LCDM —— LCDM-FCS
—a ~LCDM-CIM LCDM-ZR —a: = LCDM-CIM LCDM-ZR
10%8R 2. 5%FE LS 10% 5 5% BEHLAE 1]
0.97 0.97
- ——0® - _ g __g-—-—-0—---9
0.95 ’__H_;P___‘__. 0.95 e ---®=__ ___- - === _g
ACCR ACCR l’"‘\["l/.\-
0.93 T — e =TT 0.93 —
= —— h— . —A CT—a
0.91 0.91
Al A2 A3 A4 A5 Mean Al A2 A3 A4 A5  Mean
ACCR ACCR
- @ - IRTree-LCDM —@—LCDM-FCS - @ - IRTree-LCDM —— LCDM-FCS
—a =LCDM-CIM LCDM-ZR —a. = LCDM-CIM LCDM-ZR

3 IRTree-LCDM 5f&4t LCDM ( {/ FCS. CIM, ZR =Z#7 it TER K EE % ) B9 ACCR tL% (1000 A&KHT )
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B B OR %

2.5%15# 522 5% Bl AL ) 2,595 5 S04 B R
0.97 .- 0.97
g ‘.—;a:_‘____‘—:—‘—-_._—=-ﬂ. O e g% o ___g----
0.95 0.95 - :
ACCR ACCR
0.93 0.93
0.91 0.91
Al A2 A3 A4 A5 Mean Al A2 A3 A4 A5 Mean
ACCR ACCR
- @ - IRTree-LCDM — -LCDM-FCS - @ - IRTree-LCDM —@— LCDM-FCS
—s ~LCDM-CIM LCDM-ZR —s -LCDM-CIM LCDM-ZR
5% k52, 5% BEHL A& 5% 2k 5% AL I
0.97 0.97
0.95 0.95
ACCR ACCR
0.93 0.93
0.91 0.91
Al A2 A3 Ad A5 Mean Al A2 A3 A4 A5 Mean
ACCR ACCR
- @ - IRTree-LCDM —— LCDM-FCS - ® - IRTree-LCDM ——LCDM-FCS
—& ~LCDM-CIM LCDM-ZR —4 ~LCDM-CIM LCDM-ZR
10% 350 52, 5% i HLAEI 10%3 5 5% BEH LA
0.97 0.97
* - -0~ —— 8- g-—=--9
0.95 0.95 =
F‘*—I—I———'."‘—\—.————I > - -—_g--" ——e--=------9
ACCR — sy A —A— . —a ACCR A
0.93 0.93
——h— T A ey — —a
0.91 0.91
Al A2 A3 Ad A5 Mean Al A2 A3 A4 A5 Mean
ACCR ACCR
- @ - IRTree-LCDM ——LCDM-FCS - ® - IRTree-LCDM —m—LCDM-FCS
— ~LCDM-CIM LCDM-ZR —+ -LCDM-CIM LCDM-ZR

4 |IRTree-LCDM 5f£%t LCDM ( {#/ FCS. CIM. ZR =Fh /A THRAE 45 ) A ACCR Eb% (1500 AEHT )

0.90
0.85 S
0.80 § \ N
B N \
N N \
PCCR 075 BN N \
N N N N
\ N \
\ N N \
0.70 § % § §
0.65 § % § §
2.5%MERK S%BRE  10%HE 2.5%E S%Be 10%ER
2.5%Pi L 5%BEAL

B [RTree-LCDM

SLCDM-FCS  #LCDM-CIM LCDM-ZR

& 5 IRTree-LCDM 54&% LCDM ( {#f FCS. CIM. ZR =#h 7553 TH L %45 ) A PCCR Eb% (1000 AEHT )
IXLEAEZE SO ATEABIFE TR R AR B AIME data-tools/repository/timss T2,
o IL, X N B HERR RS b . S B PG 6.2 Wk

R BB T 070 CRERIEZ )

1450 (1E W9 2 LS LCDM 5 AR5 #2 H ) IR Tree-

WIVEZS ) FIBRAES =M nIE 5B E AL LCDM #E47805 0 B 91 e, S8k ik 5o
FEAR BB 1221 N, AP IAEZ B LB 1.51%. FE—Al. H TS LCDM 7Ei i ZE T 0.
AR FTE BB AT Q FERA T LA https:/www.iea.nl/ [ O o R T P 5 0 e 7 2 N (VS B
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0.90

0.85

0.80

PCCR 0.75

0.70

A ]

0.65
2.5% K 5%k

2.5%MHAL
B [RTree-LCDM

097

10%8H K 2.5%8k 5k

8 LCDM-FCS

A
A AA A7

S%RE 10%3 %

5%PHEHL

# LCDM-CIM LCDM-ZR

6 IRTree-LCDM 51%4; LCDM ( f£M FCS. CIM. ZR =#h77EHTEAEE % ) ) PCCR tL% (1500 A&HT )
&6 TIMSS2019 Hi/\EHEFNIE 16 7EHY Q %R

HH Number Algebra Geometry Data and Probability ~ Knowing Applying Reasoning
MES52024 1 0 0 0 1 0 0
ME52058A 1 0 0 0 0 1 0
ME52058B 1 0 0 0 0 1 0
ME52125 1 0 0 0 0 0 1
MES52229 1 0 0 0 1 0 0
ME52063 0 1 0 0 0 1 0
ME52072 0 1 0 0 1 0 0
ME52146A 0 1 0 0 0 0 1
MES52146B 0 1 0 0 0 0 1
ME52092 0 1 0 0 0 1 0
ME52046 0 0 1 0 0 0 1
ME52083 0 0 1 0 0 1 0
ME52082 0 0 1 0 0 1 0
MES52161 0 0 0 1 0 1 0
ME52418A 0 0 0 1 0 1 0
ME52418B 0 0 0 1 0 1 0

T BTN, AhHE TR S 1 8, R4
JHFCS. CIM 1 ZR *t il e B i A 7 oAb s HIAE 58
LCDM #7384t . IRTree-LCDM M) {421 F 75
HE EdE I TS5
6.3 TR

ARA5WFFE{d F DIC ( deviance information criterion )

( Spiegelhalter et al., 2002 ) FEARITAHT FLEL PR AL 1Y

LA, DIC 22— MHXHUAHERR, DIC #/Myil]
ARG B, DIC AT

DIC =D +p,, (34)

Hrr, pids Vs g P82, RMm2ER 5

W, pRtR iR A SR
6.4 WFRLER

W45 5 WoR, IRTree-LCDM H1 A 98.6% (145
RISHMRIE/NT 1.2, RASEAMITEERNEL
A1, IRTree-LCDM f¥) DIC {H 4 26436.80, LCDM-
FCS 1Y DIC {i 4 31397.34, LCDM-CIM f# DIC {&
1 27915.27, LCDM-ZR [ DIC {H & 26568.96, iX
— 25 SR — s BRI ik, fE
4t LCDM /38R AN RBAR G- 400 & FLSC 4%, 1 IR Tree-
LCDM DRI HE B ()3 1o P FITRIER

KT 2 IRTree-LCDM 75 523 ] i
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B OB #F

Do, AWFFEERCT 6 M HBIPHADEA T EAR S (O
7)o TEVNR, 18 =FrESAEIEAN T,

15455 LCDM A5 1% 2585 48t J 10 5080 1) 40045 45 SR
I, BHUE, SRR R A TR A
f£4: LCDM (LCDM-ZR ) ()£l i1 45 S 5 58 A% 8 1)
i FEs R TR, BRI, xHFaalk A firghist
B, MBI IRPEZE (15 500 12 43 ) FIE F VR
] (gR=4.51 DL JegR=2.89 ) ks H 34 Bt A4
BN, SRR RER /3 H EHRA AR

FEXFMELLS, MATREEBIE e EE, JoF7 b,

IRTree-LCDM F&4: LCDM X 9iiat i) i Pk 3 4Rt
AT TS SR —E0 wk C Al D BFEZ 8o h 4%,
IEFAVEZM AR, I HAEAEBRRAER (ki
B2 H1) o HTFAESH LCDM A H 25 b Bk
R X —SHAEEATNEE S, XFECE RS
B E A C WA ERECY (number ) JEPE, B
R D A AR ERE AR ( data and probability )@,
AR AR T B 0 8 1k ¥ 4B B . A, TRTree-

F7 HBGNEITTER

IRTree-LCDM

Bt D B LCDMZR

ERAEE 0% BRI 0 RS ISR
A 50400906 15 0 4.51 -.66 1111111 1111111
B 52740608 12 0 2.89 -.18 1101110 1101110
C 52490110 10 2 1.15 2.62 1101110 0101110
D 50740610 11 1 1.67 1.60 1101110 1100110
E 52791003 7 0 71 =52 0101101 0100101
F 50211019 7 0 -.05 -46 0111110 0011110

LCDM e J g M kb B AL 5 sl V224 . ani&]
7 FR , #3 C 7€ IRTree-LCDM | 42507 ( number )
JE IR ML 5 TAE58 LCDM, 3% %] IRTree-LCDM
TERf A E T A C 4R THCY (number ) X —
et teabh, Bl E Al F A SIS, (HR
VEZE 4 (328 7 43 ) DA RGERAEZ i) (gR= 71
DI SgR=-.05) AR, X HG Ol 2R B3 P9k
A REAFAERENLIE IR, RIBAER S i B AR
AR A CRE A THZESEI, T IRTree-
LCDM TEAG#EI 5lR 1T FEHLAS X 12 W 0 50
T E IR (W B P EES R L% 48 LCDM HE 1y
Z. WK 7 s, #A E EREGE A4 (data and

=

e
o

=4
=3

quinN
LAGENIAY
Anowioany
Fuikddy
quinN
eI1qady
Anpuroan
Suilddy

Annqeqoig pue vieq
3
Anpiqeqoig pue eleq
3

&
=
&
=

C
® [RTree-LCDM LCDM-ZR

B 7 mREESRRNEEEERE

E

probability ) J& 14 11 2 7F IRTree-LCDM | [L7E 1%
4t LCDM T ¥, SR wk B 48 1 5dE fn
HER ( data and probability ) W@, MHILZ T,
IRTree-LCDM X B i i) J&s 1k S AR A i Al i S &
P, k25 T IRTree-LCDM 78 % il e /2%
FIREHUE VRS L BA — s

7 RS

LIS HEFE MR, ke s EEZ O,
TR B FBEUEIIVES:, &8 — & M SEUl
THw2E, e E RIS (5B . R0 T 25K
I A BRTTENANS B i e % i VR
N BT T T3 55, X AF T INFZ Wb R
CHU M AR 55 S XX — B, 3% IRTree HE4E

( Boeck & Partchev, 2012 ) )3 &, AW H IR
0 IRTree HEZR SIANHNS W RIS 208, PR T
— [R5 AR A RN B AL I 4 A 12 WA 5

(IRTree-LCDM ) , H—&H 7 W XA AW Y
SRS, KPR TR SN S s A Y
WG
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J T DT I B E IRTree-LCDM () & Bl . 2
OGRS BE RS bR N A, AR SCHF R T A
5% WFSE 1 RA T AR (BRGVEZ L. BELAS
LB REA DL AN B ) ORI 5Tk Bk
[RTree-LCDM [ZHUA 1 K5 LA K IRTree-LCDM Xif
Bl E AR AR R DR ATRITREAC I |
BIIARE L RN BEA LA I EE A1 X AR A S U T8 R
(RIEEN , WA 2 IRTree-LCDM 75 R %l i 26 4245 01
BEBLAE X PR ST H AR A A ST 2 K IR Tree-
LCDM F11% 4¢ #) LCDM ( i F§ FCS. CIM, ZR =
Pl AT B AR AE B ) W —A2k A 2019 4
TIMSS J\AFZ G G0 (A B, 38 e X H AR AR S
AL R IR AT T o0, LAAER IR Tree-
LCDM FY S B p M . o8 R (1) M
W55 LCDM (f# FCS. CIM. ZR =#p kit
TTER AR ) XTI BG  J7 1, AR BT
K1) IRTree-LCDM HA B FAR SN TR E 2
WriEsR . (2) SR EE RN LBl 5 ikt ok
KA P HNER, SRR ROV P Ll s, e
KA, EAHEALSE LCDM (fdi ] FCS. CIM,
ZR =P AT B R B ), BB TR A X fl
RAEZMBENE I 7 m e A i 2. (3) M F&
4t LCDM (i B b A B R (B 740 ) , IRTree-
LCDM 7ESZBRIN 6 b il Fe 0B 4, X0l i J 2
PR AT A B

ARG IRTree HE 4R 5 1A HIZ WrsE ALK 5 HE AR
AT T —@ SR, AR A A — 2 1 SR RN
R, ARTE LT IUA D A E A — 2T FR
2, LAiF P M3 IRTree-LCDM Jf-fufi L B 4 b R 55
S

(1) IRTree-LCDM 7EAM BV EZ T T2 15
142 32 B A E BRI A R ) e () 2 S g o SR T
FESERRIM G, G H R e A A TR B A, A
T 57— PR TR B R 15 0, B phy e ) A A2 i
TFAEEMBEIEE , XA EAR LA
INTAEER, SASC % s LA BT AR,
PRI, 3k et () BR )T O i A 25 5 2 5 VA
(R I AR B ) T S B R AR B TN AT X 58 ok
K HIFFE AT LAZE BRI X 2333 SEAS ] Bl AL
FERBGE 24 AT %, 38 1 RS A B AR A oA

AN BRICHLH], 7] LA m A A2 W oA Y
HERPE, DA B b s Wi Y B S i AR AR
Ao KA B T HESHIA NS Wi B 7 SR P
ARERT S

(2) BFFE 1 RS 06 i 2% 1 14 S 30 S 1 35
HAHR, R BEXT IRTree-LCDM #E47 4 i 45
58, BRRMAELL FILA T : (a) AW &
(R P b S VRS LA B, 3k R AR A A AR DA 2 43t
TR, HIXE ] AT BEAN fE DA FE 43 R B
SRR B AL, A5 BN, BEE SR A
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Abstract  With the advancement in psychological and educational testing, researchers have increasingly focused not only on measuring the abilities
or traits of test takers, but also on assessing their mastery of specific knowledge structures. As a result, cognitive diagnostic assessment has become
a major focus within the fields of psychological and educational measurement. In practice, however, both general and cognitive diagnostic tests
frequently reveal abnormal response patterns from test takers, including missing responses and random guessing, which can be attributed to either
individual characteristics or item properties. These abnormal responses can introduce biases in parameter estimation, thereby threatening the reliability
and validity of the tests. Addressing these common abnormal response patterns is crucial for accurate data analysis. While much of the existing
research on abnormal responses has been concentrated within the Item Response Theory (IRT) framework, there is a notable lack of work in the
cognitive diagnosis domain, which remains in its early stages of development. Inspired by the IRTree framework, this study develops a novel cognitive
diagnostic model that simultaneously accounts for missing responses and random guessing. This innovative model seeks to enhance the representation
of abnormal response patterns within cognitive diagnostic assessments, offering significant implications for future research.

The paper begins with a comprehensive review of relevant concepts, theories, and prior research. It then details the modeling approach and
framework of the new model, including the prior information for parameter settings and the Markov Chain Monte Carlo (MCMC) estimation method.
A 3x2x2x4 four-factorial experimental design is employed, varying the proportions of missing responses (2.5%, 5%, 10%), proportions of random
guessing (2.5%, 5%), sample sizes (1000, 1500), and handling methods (IRTree-LCDM, LCDM-FCS, LCDM-CIM, LCDM-ZR). This simulation
study evaluates the parameter estimation accuracy and robustness of the new model and compares its attribute classification accuracy with traditional
cognitive diagnostic models using different methods to handle missing values (i.e., full conditional specification, corrected item mean imputation, and
zero replacement). Finally, the new model is applied to real data from the 8th-grade mathematics test of TIMSS 2019. The fit of the new model to the
data is compared with that of traditional cognitive diagnostic models, and typical test-takers are analyzed to illustrate the advantages and practical
value of the new model.

Results show that: (1)Compared to traditional LCDM using FCS, CIM, and ZR for handling missing data, the newly developed IRTree-LCDM
exhibits superior parameter estimation and diagnostic precision. The average Attribute Classification Correct Rate (ACCR) for test takers exceeds 0.946,
while the average Pattern Classification Correct Rate (PCCR) reaches .783. (2)The proportion of abnormal response patterns affects the classification
accuracy of attributes and patterns; the higher the proportion of abnormal responses, the lower the classification accuracy. However, compared to
traditional LCDM (using FCS, CIM, and ZR methods for missing data imputation), the new model shows significant advantages in handling missing
responses and random guessing. (3)Compared to traditional LCDM (using ZR for missing data imputation), IRTree-LCDM performs better in actual
tests, providing more reasonable estimates of test takers' attribute mastery patterns.

In conclusion, the IRTree-LCDM model demonstrates significant value and importance in handling abnormal responses.

Key words cognitive diagnosis, item response tree model, item response theory, miss, random guess



