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Hm =

SRRSO S HE NI IR TE, 5 SEONH SR 2E, JFEISS S0 HERT R S R .

RRIA X — (AL, AW H S EEHESRE TR I TR B T )77k RRW, Ji i KU SEse 5 SCUERT A
XEHAENEIEAT TR . SCRAE R B/, RRW JPELEZ Rl S W ARA 5 R B ELRAY RMSE 1 Bias, JUHAE
FSEE BT, U SEAGTHR AR 5T T RUE SRR BT BT HIREE rT i 30%. SEESr ATk
—PHIE T RRW 5 IETE FLS ISR P A b, HRERETESE T A SHUE T RS BE R IR, 32 1E VR4 E RO BE
it uEritE. 25 1, RRW AU THE R 2 i ARA 5T T HA W03 5 R R TR

KR TH N HEE, SEAES, R S5 T
HES B84l

1 55

I { 2 v BRiE (Item Response Theory, IRT), LA
TEAERE T AL, 20 PR 5 20 I 4 el 1) o 2
WA, BO T Z M T OIS BT 5 2
FF1E 43 HT(Gao & Chen, 2025; Eichenbaum et al.,
2019; Manapat et al., 2021; Williams & Gotham,
2021; Zarate et al., 2023), LIS faj it 7] 45 ) &
(Brenner et al., 2021; Luo et al., 2024; Sharp et al.,
2022; Wang & Gao, 2025), [RIEF sk 2 HF KHL
RLHE WPE B 72475 W (Demirkol & Kelecioglu,
2022; Gershon et al., 2024; Marcq & Braeken, 2025;
Polat & Kelecioglu, 2024), It4h, 7EiFE AL A&
1 I 46 (Computerized Adaptive Testing, CAT)AY#F4
HENHT, IRT ERZOHEISHESRPE AL T 5k
¥, HAET, CAT &7 bRl P45 3] T A %0w H
(#7140, Boussakuk et al., 2021; Carlozzi et al., 2023;
Miles et al., 2020; Phillips et al., 2021),

s H 3: 2025-11-03

SR, IRT YA R0 32 B0 T 300 H S804k
TGRS o sz, TR Rk A v 2 S T
AR B R A T B 28, TS TR G4 L
WO . — BARBE IR AR, BNERA T —%
L A8 ) S AR 2 Can Bl R Bh LA J2 L TR T 43 8
ol At A BE J7 A O PR 2 TR AR RN ), s
Hil 5551 H 2804k 11 /9 7T £ 4 (Hong & Cheng, 2019;
Patton et al., 2019; Rios, 2022), & WL R HEE KL
A3 15 1F B (Meijer & Sijtsma, 2001)., HL.OEZ
(Doval & Delicado, 2020) . % J5 Bt i FEHLVE S (F
T4, 2024), LUK AERZ AL | B ) T
25 % 57 T3 31 A R B LA 227 sl A3 MR A 55

JUHIRTE Y Wi T2 R FHAE 26 0] 46 it D 4 it 52
o, S AEE I G B O, R R e A
1Y B 2 B3 AR (Goldammer et al., 2020; Maniaci &
Rogge, 2014; Meade & Craig, 2012), H: 3% JF K 7E
TAEL N S = 7 It wok o =2 b AT AR
EBHLAS R, DT 25 ) BB 2 SORL O AR
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Chauliac % A (2023)7E— 3 =5 H Az 1) R 76 26 1]
i, SRNZRN RS T, 28R LML A
37.45% M2 5HEAEARFIE N T AES . Rz
PG A e LR A b, X — L 5L 2 0] 5k 46%
(Brithlmann et al., 2020), fHXZRBHE—H48 H, A
] BF 5% 41k 45 B9 5 0 1E & i KRB T 33%
(Goldammer et al., 2020)% 46% (Oppenheimer et al.,
2009) [H] .

W 50 R AT B S8k, s
FWE B, BRI e ER . AR
LW, BIE S AR LI 10%~15%, 7] g
5| % " I B W 25 . HL i, Wise Fil DeMars (2006)
RIL, 10% 0 58 VEZ 3 (168 T4+ RMSE (375
FRARZHEINZ) 20%; Meade il Craig (2012)F5 i,
15% 9 55 VR T T 8UH 7 80 i 25 B 1k 25%,
BRI T4 . RS R LA 20%~30% A 1F i
T, [l ™, Patton 25 A (2019)4Rk 55 X /0 S
B RMSE B4k 70%; Rios (2022) 78 HR s 4t il 175 15
FARELEIHE 1Al RMSE B4 i1 45%; Voss (2024)%
P H LK T 25% B, IRT #54 fY) RMSE JL-F- #H
fis o IR TE SRRSO S 50%
%, B SBEAKAE E (Maniaci & Rogge, 2014) . H1 ] A
F 451 (Voss, 2024) , BRI i A2 P4 (Deng & Rios,
2022),

R EARE R, PR AR T T A
A 4t it (Person-Fit Statistics, PFS)#Y Jy¥% ., PFS il
XA T S A, A REA RS
WHSHOT LG, R T BB AE S0
R 8 (Gao et al., 2025; Karabatsos, 2003; Felt
etal., 2017, ¥ %5 2022; Wal¥ss 45, 2024), If
G EEM ERR LS A, B — B e
o 5, H A TR & B UE K B S BR (Maniaci &
Rogge, 2014; Meade & Craig, 2012), Ilt4}, Patton %5
A(2019)#8 i 3T IRT AkAIE Uik, @it PFS
geit i EBIAN BN #, IR R B0 5 A BE Je
N JE R E BT EH S8, SRRV, ZHEERTE
L 5 v o T AR S 8w 22 . R bR iR Al T, B
P T 55 RS S E, T 2 ] B A B

SR, PES MR FATIAEAE— L5038 B 58, #7#
BANAE TR A8 H B % SO, BRI B H % 40y
BN S EOUR AR I &5, BRI
PRI, FEREAS A BRA DT oL AR, K,
PFS (845 DU S8R e B2 OB T30 H S50 Ak TS 2
T & T2 AR BT IRT BORE T, R4

LG H AT 58 R0, A AETTHH PFS Z R AR 5
WARE AT AL, DA R, AR B 1T e A7 3
T, JoHAE R AEEH LR SR, WH
ZHAG TR A ™ B A /7 (Oshima, 1994; Meijer &
Sijtsma, 2001), M 1T 55 55 SN, R AR AS i A%
B, DXOFP LG FR A HERCRL N, (masking effect),
JEYHIIET PFS Jy i iR S AR 24 ek T I 1 A% 0
Pl =z —.

kA5 RURE T S AR ) 3 A A 4 SR Y T
Jt3efi PFS GeitmAE L bri A %5 B . Hong A
Cheng (2019)42 it T —Fh i o) fige e SEL %, BV AS il
s 15 AL AR A 317 725 (Robust Marginal Maximum
Likelihood, RMML), AN[RITF4KHt PFS B H 0 bR
SR AL, RMML S8 i s
AT PFS BIAHLE], ARG ST i1k
R, FFRE R AT RIS sR A, AT S B AE
it A o sh A 8 45w Bk

27 5 RO B AR T3 I A B 1 A )
AHITR L, i fE EM BRI AST L
B, YPEREE T o S i, L (EH o
BERSFI, I8 T AR A, RZ, BER
T R U AR A5 4 A . RMML 7 ¥ RE S 7E o
INBRATAT B B T4 T, A R S /R 28
H S EN TR, NI T iR b SRR .
Hong Fll Cheng (2019)B9#F 5T K I, % 5 12 He A1 25041
il 5 HAEA TR, AR 2 RS T 35 B 2 B AIG
T HSER T 22

Hong Ml Cheng (2019)42 13T L ByAmALHL
i, HA S AR T LIS bRTEIX AN B % 5 S
PR T R A B EE Ty . A B SCER AR, EERAE
NQ022)42 H TR TFoE 22 19 AL Gi it RIS FR,
ITE IRT HEZL R RGEIES T R 5 [ MR BIVERE, 45
REW R R FH YA T R ERT L. R
Gao SFNQ025)F K T 7 —iFik =l &5t
R, RN T IAENS Wi R, ST R
IR, WR PG 5w VR L0y i F AR AL T
L, BE—U600E T 5% 22 R4 HE bR 7E S A I o )
.

w2 PFS R LR FTE T H 5
WAG SRR AR TR . 5% 22 B G R 5
LI AN T 228, 207 bR AL B, MY T
A0 SOUR A9 7 XA 7 45 A 1) B D 5
DRI IH X 200 e L 2 R 14 57 VR 28 X S R T £
JE s N A0 A B — X B AR F, PR I 56 1
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Hit, FeATE Hong A1 Cheng (2019)42 H AIHE
IRt &, 5IATRRERAS ARG Gt a, 6
T — R RGO . B, SRTL
A =CH B, 5% 22 I ASURE A8 T A5 20 b 11 55 S
YRR SHUANTH T8, 4 TH B S84 11
o rE SAE R . ASCHE %M T Hong A1 Cheng
(2019)F: T L WM AUE B, BT PR T 3% T 5% 25 hn
BT 2 A R, I3 e A0 52 6 S S0 B ]
LA BRI IE 7%y A Rk

2 T LA R H B R
WIRES
Hong F1 Cheng (2019)#2 1 T Fefdtf i1 FRpel
SRAtTT(Robust Maximum Marginal Likelihood, RMML)
Ik HOTERET YOS Gt i LR s 0
B, DA 55 5 8 AR X 500 5 S 8008 1 1A 5
G S W A5 A (Graded Response Model, GRM)
HEZR A BIRS o R uy R 5 i LA E A
WH BVEE O . 5 i M bR LA AR5 S
T LR AS T
P 10}
Horp, LR i AFE GRM T X EULLSR oRi
BH, E) FoanHMAE, var(l) #m HXF R 17
Z NG L & A TS AR ILA Gt
e AESWERT 0 5T HSHO A, L A L
N RUIR A N(0,1) o
W 6 51 H 280 EdR M, 3251
PR 5 7 229 R G EARAN, T HOR HE IR
N(0,1), HEIMTREAR S5 IRAIALAE . Sinharay (2016)
T WO RIS TR IE Mg L, %%t
HAEAS R AL T S B0 S B0 3R U AN N(0,1) -
RMML 1E2L L AR AU . e e £(0) , Wl
MR B i AR & U, B PRAE AT ROR A
P, p) = [L(@u. 7)1 ©)d0 @)

P(u,| y) Fm WIS u, KSR, » RORIUH
SROEME, eI, nTXE 6 HUE X 1R
BAERBEIH O A R A L S w,, A
()i el

(M

0
P 7) = D w0, L (6,1U;,7) 3)
q=1

SREAR I CRINBO L BRASA H
N
P =] [Py ©)

i=1
AT IR, XA EAE R u O, AL
SR PRIV

N
logP(u|7) = ) logP(u;| 7) (5)

i

Hong Fil Cheng (2019)4& H 17X iR X (5)iE
AT A BB, BIAE 2N 2X(5) v o0 A A3 3 K 37 A
N AL wy, 38w, AR AR TE R S e T H
ZHAGTHR TTEREE, A A=

N
logP(Ul ) = Y wlogP(u;] 7) (6)

i=1
Hor w, R T T L BORCE B, W T
G5 — A7, SHTEAREM LT T A —ab e, A
SR/
(L)
=z 7
TS o) @

Horb () 278 br M 1E 2570 A1 19 22 B 23 A R EL
L 55 AN 1 e, T A SRR 2
BB, L MU, HO R w, B 0.

3 T ERZE A AR A H S04k
kIt &
5% 25 S8 [m1E A3 A v ) B, A S BRI
(B 555 AU SR IR =2 [0 1) 25 S, BV UL DAL 9 2 3 L
FI45F . Yu Fil Cheng (201942 H T —Fi ALk 22 45
bR, ZFEPREET IRT AR I B35 03 5 S0 BR1S 70 1Y)
2555, TS DG i) S i VR o 38 BR
o7 I8 3l S AR TR B, PT BB R BAAEAE SR AT N
HitE AL
| Xy —Ej |
Gy =
5
Horh, X Rl i }PUH j BOINAESS, B,
FORMMAES X, (LR, E, RIS, M 3R
wREIY, E; BTHEAT .

®)
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m=0
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AR IE W ARZ A E K, SR AEZER
BT /N B SR, AT A (10) A, $2 1
T AR T 1) 5% 25 K2 6 B A EE (Residual Robustness
Weight, RRW), #J#ELBRUNT .

T, X BB ORI rE N, 3R
7N I R A 2 A e A I R A R S, B
VR Bt iy Ty RO, UMl 25 ™ o U4
CINYYFR 3 e i S iE Ve 3 S 0E AT BTN W DN 1]
W, S AEZ O 5 INAE .

IRIG, MIEERINES A BE T XA KRB B9 521,
TEEX U r BRUUE H L g, DIRAS S I 0K TG
HEI R 2 S R . [RIRE, A T IS M -, BTy
K BUEATEYE, FERRES 1/ B — S0 HE
J, JATX FIREE IO I il AR P 7 071
A RBE L, I B9 3 5 5% 22 A [R] ) 5 2K

He T R R, FRATEE gk 22 AR A AL
(Residual Robustness Weight, RRW), Xf F#ik i,
T Ry J I g b, RS RRW™ 5 SR -

raw l/r
RRW; :/74 (11)

25 (1) 1Y F 7 AR A 46 J& T IR 4 Ak 722 #6i (sub-
linear transformation), 45&ZF545 r, BUEB KAT,
HIE KM BEAE T O R B E T S B i, Hl bR
M x AUREOR M . BRI, A TR, T
7 AR BRERONS SRR 22 AR TR R RAONE B 5383, AT A A8 B AG
Wi S A AEACE TR P R s B . 7RI RRI IR
1 RRW™ J& , Ay Dt 71> A s {1 XoF A B 3 A7 1) 52 Wi,
F A E ROBE B AT o] e, FRATTX H k47 Bk e 4
(rank transformation), JPAFKIEIEATIH— LALBE,
5 31 HE J5 AL
RRW, rank(RRW,™")

mean(rank(RRW, "))

Hodr, 53785 i ORn) RRWRAE, 7Bk
HETA B RRW ™ BRAE R ME o A (12) R R AR
i (rank transformation), 5 JiL i 1% 22 A W 5 R AH
XTHEP AR B o BRGE Tt A A 08 00 {1 A A XG5
AN 32 HAR B0 R B2 52, PR 2 AT 4 A T DG RE
o X TR ImEM F, T HEEZ K, fERES
AN A — A BR AR A28, DT A R BH M T
T Ao S R X A 3 A 7 A s E R R RE

A T Bt A 5% 2 g 25 8 B 10 34 KT B /)N,
FLAEAS [R) I g6 4 BE 22 [R] B BAF Al e o PRk,
Jirt i o % B AR R RS Fh S ARAS AT R K (12)
I CRHAE, BT A AT

(12)

N
logP(ul y) = Y wilogP(u;| ), w; = RRW,  (13)

i=1

4 FREADSCEG

41 LIiFIt

R VA AR ST B A S R 2 TR AR fek
HZ 8377 sk v b, 91 5804 19 1 kT 9t
ATbedss, ATBEIT T — TR S50 . SC50 R FH I
RLWWT, LR R (DK
FE: 3081, 50 8 ()P FRlE . O
BEMLVEZS, SEEfG, 1RE S8R, )Mkl
FEBI: 0% 20% . 30%; (4)5 #1228 H L : 20%
30%, FasRMBOIXTEF 08 B B SRR T
Bl o 25 LI SIS E 1T 100 K, FFAE R4S
YA AT S o AU Al TR P S 7E R B4 rp Sk
B, Hrpoi H 28057 H# A mirt #2542 ( Chalmers,
2012 ),

%% Hong fl Cheng (2019)H45251% 11, AHF
G WAL 52 30 >R HH 45 9 s W AR ) (Graded  Response
Model, GRM), Jf-i& 4350 6 st (R 5 4
9 (E S50 B A B 1000 & 8, HiAE IS8 N
FRUEIEZS A0 N(0,1) Hr A= il 100 H B9 3 S 80(by)
[ RE I BRHEIE S 2046 N(0,1) FRhE, 42717 HES
DL 0 (i SR R 2 38 5 X0 B S 80 (o) FR OV EOE 28
1A InN(0, 1) A= i, Ay ke A D AR i U, BRI a
SHE TR N 0.3, A 3.

B —Fp R U N E#(De La Torre & Deng,
2008), HoE SCAARAE ol im i MR | 102855075
TERMERE T H ERIFA TS HE SRR/ & 7. A
WA RE EAR T4 37.5 T 400 iR A 8 AR
Ae wiaR, AEI(E® T4 62.5 A R A E A
FAE I, TERI S BRI, B e BOE [
BIBERLIE R H ik, PR AR50 0 501 3 rY i
H  BEYLHI IS & Fe ], IR e /E 2 0 BuE i hy
P H B 3 E

55 AP R S A O H 0 (Doval & Delicado,
2020), HoE 0 fig a2 IME BE I H 1 R
ZAEE SR MR 0 73 AE LSRR BE v, RO
VR 5 i R B UIAROG, PRt ) & A T
a2 Rr B, TEB S R, AR Bk L
BIBEAILIE S5 g RS, R AR T A )
arrh, MR K TAET 3 408 H e
Lo B AL B T, JFf AR 50 5 — 5
0041, DA RO R R
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1 HOMEEBRETARMGHAEBERER
Bias RMSE
J SEgil RWEH (R IWRES
Bias a Bias b RMSE a RMSE b
30 0% 0% g Atk 0.007 -0.012 0.094 0.137
20% 20% g Atk 0.278 -0.249 0.363 0.404
L ks 0.223 -0.259 0.303 0.409
RRW S T -0.011 -0.251 0.139 0.335
20% 30% g Atk 0.313 -0.402 0.426 0.497
I JnAu A 0.263 —0.395 0.373 0.508
RRW JAUA# T 0.000 -0.338 0.144 0.396
30% 20% g Atk 0.404 -0.465 0.507 0.766
LomsLst 0.375 -0.495 0.472 0.804
RRW JALA# T 0.154 —0.481 0.250 0.615
30% 30% g Atk 0.477 -0.737 0.614 0.953
L ks 0.467 -0.761 0.607 1.009
RRW JALA# T 0.237 -0.686 0.341 0.799
50 20% 20% g Atk 0.262 -0.269 0.345 0.412
I AUt 0.211 -0.271 0.287 0.408
RRW S T -0.003 -0.242 0.129 0.325
20% 30% g Atk 0.310 -0.407 0.422 0.509
I AU 0.267 -0.393 0.375 0.505
RRW S T 0.033 -0.333 0.145 0.391
30% 20% g Atk 0.379 -0.44 0.475 0.672
I AUt 0.355 -0.456 0.446 0.683
RRW S T 0.157 —0.444 0.235 0.549
30% 30% g Atk 0.486 -0.720 0.613 0.918
I AU 0.470 -0.732 0.601 0.953
RRW JAUA# T 0.254 -0.652 0.349 0.749

W J= MG EE; E5AGTHE = RINBUWE S EA T 72k RMSE b = M S50 RMSE,

5 R R LR o e 5 A i 2
b ARE T LA B ATL A B g, AR AR
o F I BE ML USE H ;X T H, LT RE Y
1454324 53] v BE BLA US43 DA 3 i R AR 2 . i,
Ao B o Mo, W0, 1,2, -+, M} Hh BEAL A R
PR, DT 1 BEATLAE 225 50 -

55 DUZR ISR R Sy s f RS, AT 200 i {1
i 19l a BE LA I AR AR = o S T o RS
A AR, K T L BRUIR RE D Bk, I
HARZ N EEREF430 0 5% 1 AR H b ML B —
FE BRI B WA M, ST E ,
IR A5 AR T M =2, M —1, M}y T4 BB 5 R
43 Hi 0.2, 0.4, 0.4} FEATREDLIMAE, DIER B IFIRTS),
T A 8 325 47 A 25 0

SRR IE AR G S R, WA 5
HIR PO S 7 VR 7R A it B v, Bt
VY S B R Lo 1 5 43 B 2R AR i . LG o Bl AL
YR SgizFmipass, Blan, 45 % gl ik
20% 0, MBS EAVEE & 5% M TR0
ik, FeoE L BIREDLI IO B A= i AR -
42 FMNERAE

w7 (Bias) FII TR A2E (root mean square
error, RMSE ) 1E R IFHr #6545 :

B'—llLJO oV 14
laS—zsz( J j) ( )

I=1 j=1

11
RMSE = \/ij

=1 j

Mk

(0,-0") a3
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b, 0, 05 SRS, OV hins
e [ R P A S R, T L B FER RS
BB i 50T H AR ) B s S0 A Y E A R
Bias HHEIT 0, R THRZE /N RMSE 0]y,
T BB TR B
43 LR

F 1 BR SR TN ST HAEEEET &M
J70) RMSE 5 Bias 5%, HTFEMEHES S
ASMERE (B S8, AR RS BB R R T
S ME RSB TRE R o (0% R RN FE IE SCh 2
J B S8 R TIER . S B, I
1E SR 45 - 4 0 B S B A TR B - sedg 4 ]
) E REH R A, T Z UL A, T T B b
AR R, £ 1 2E 5 PSF ot
SR E MBI 0, fRERBARL AR EVE G
o REZREIEAESL IR R /D I, (HRET 5

SRAREIEEEHAT IV, VPR A R 5 T

MR 1 TR, YR S w R, B
ETERAR LB T, ARG I R IR 2E IR
ZA Fln, 7EM g R Ry 30 ML S He il S
SEHOELE FL B R 20% 0 5, XA EESEL a A
MERESHL b 1) RMSE C 43 lli5 %] 0.363 i1 0.404.
Bt 5 S i EL ) A S i A B L8 1 2 — 2
fEG AT RMSE 5 Bias ¥ 3% 7. R
GG T X R U, 5 2 R s BTk
I A R G 2% o

SAEG BRI, LAY B X 43 i S8
flivt, (EXIHERE S BUERA R, H 2T aekghnik 2,
Bhn, e N 30 8, SR B 30%F0,
15058 5 1 IO B4E b Z%1 1 1 RMSE 4354
0.953 i1 1.009, FKIIZ T LAEMERE S BT LR
f AR

®2 EBREZBETARMITAERBELR

J T sk o B RMSE
Bias a Bias b RMSE a RMSE b
30 0% 0% gtttk 0.007 0.012 0.094 0.137
20% 20% gtk 0.269 0.252 0.357 0.400
LA 0.205 0.250 0.284 0.399
RRW JALAh i1 -0.014 0.255 0.141 0.342
20% 30% etttk 0.290 0.408 0.391 0.502
At 0.245 0.397 0.346 0.509
RRW JnALAh i1 -0.007 0.341 0.154 0.400
30% 20% etttk 0.404 0.474 0.503 0.751
I AU 0.373 0.493 0.465 0.765
RRW JnAufiit+ 0.169 0.498 0.264 0.640
30% 30% fegeflivhik 0.433 0.710 0.553 0.863
LU 0.423 0.713 0.548 0.899
RRW JLA# 11 0.206 0.667 0.302 0.745
50 20% 20% gtttk 0.275 0.254 0.360 0.426
L mAptit 0.209 0.251 0.284 0.415
RRW JnALAfi i1 0.027 0.229 0.146 0.325
20% 30% gtk 0.298 0.406 0.417 0.504
L mAptit 0.253 0.389 0.366 0.500
RRW JnALAh i1 0.032 0.320 0.151 0.382
30% 20% etttk 0.396 0.470 0.492 0.765
LA 0.366 0.485 0.457 0.798
RRW JALA i1 0.178 0.488 0.269 0.649
30% 30% gtttk 0.461 0.732 0.591 0.950
L At 0.440 0.724 0.572 0.944
RRW JnAfiit+ 0.240 0.651 0.341 0.773

g = MEAREE; Bgeftiihik = RIMBUKH WS BT J7%; RMSE b= XEEZ0F45 RMSE.
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HHZ T, RRW AU T 7R 1 s 452
ST BRI TR AR AR PE . A DX BE S BRI
VSR R T AL G 07 v R L kT vk,
LA S BB v S A DA 6K B
30 R, TSR LB 20%8, RRW J5 30K X
Ay FESH 0 RMSE M 0.363 [ % 0.139, XEESHH
0.404 [ % 0.335; 5% Hpil$e M 2 30%0f, HIX
ESHRMSE 4 0.341, I EKTE5071%:(0.614)
L J71:(0.607), HEJE S % RMSE 4 0.799, [RIFEML
FALGE )7 1:(0.953)H1 L J7¥:(1.009).

TEM KA 50 BRI, RRW FiEAhft
Fe—SBUEH wln, 7655 LEsh 20%f, HIX
S RRIMERE 28009 RMSE 43 %14 0.129 F
0.325; £S5 LB 30%0F, 4394 0.349 F10.749,
I AR T A Ty 1

MR 2 ATLIE H, EVESAEEEE T, =R

Tk RS SHLOE A R A -3, 5%
GG ITEMILL, LB e — R LR T
XA ESH a AR ZE, (BFERZEGRAM T &3
TNMERE S8 b AR TR 2, BN, FEER KA 50
R SRR EE R 30% . SR EE HLBIA 20% 1)
MR, ST AR a 1 b %0 B RMSE 30518
0.492 F10.765, i L, INALT5 843314 0.457 11 0.798,
FEIWHH X X A3 B 2 ) el S A X B S ) BT
A

AHZ T, RRW AU 7 2 3R 90 S iy
FoTTAG BE o A8 58K B R 30 81 S L35k 20%
B, X 5 B S BORME S S50 RMSE 4301l ok
0.141 1 0.342; 4574 LBIHG N2 30%I0F, 435K
0.302 FI 0.745, ¥ 58 FMRTALG I kM L sy
Peo TEMEGAE R 50 WY Z1F, RRW J5 ik R B
T RE

*3 MHEEBETARMIT A EBELR

J SRR S it Blas RMSE
Bias a Bias b RMSE a RMSE b
30 0% 0% gtk 0.007 0.012 0.094 0.137
20% 20% gtk 0.136 0.006 0.219 0.213
I ks 0.032 -0.002 0.123 0.215
RRW JiiAL Ak i1 -0.177 -0.010 0.248 0.206
20% 30% gtk 0.157 -0.004 0.252 0.219
LA 0.050 -0.015 0.137 0.215
RRW JiiAL Ak i1 -0.163 -0.003 0.236 0.207
30% 20% gtk 0.163 -0.010 0.257 0.227
L AU 0.078 -0.024 0.168 0.221
RRW SR+ -0.151 -0.002 0.209 0.211
30% 30% gtk 0.224 0.011 0.347 0.283
L AU 0.087 0.007 0.175 0.256
RRW SR -0.078 0.014 0.173 0.252
50 20% 20% gtk 0.125 -0.014 0.208 0.235
L AU 0.052 -0.008 0.127 0.245
RRW SR+ -0.149 -0.016 0.202 0.210
20% 30% fegeflivhik 0.158 -0.002 0.248 0.213
L kUt 0.044 0.000 0.117 0.211
RRW JiA At i+ -0.140 -0.010 0.198 0.206
30% 20% fegeflivhik 0.161 0.015 0.262 0.220
L kUt 0.074 0.012 0.155 0.231
RRW JinA At i1 -0.114 0.011 0.178 0.211
30% 30% fegeflivhik 0.223 0.004 0.350 0.271
LA 0.096 0.008 0.177 0.242
RRW JiiA A1 -0.053 -0.009 0.154 0.220

g = MEAREE; Bgeftiihik = RIMBUKH WS BT J7%; RMSE b= XEEZ0F45 RMSE.
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M 3 WLE W, FERPER T, &5k
A TR 22 B S 5 Bl EL ) Fn S 8 80 B L f51] A 2
s b, AR AR 2 AT TR O R B 1
SIEGAEH RN, LT ETE X S o
bR ARG TR BE(RMSE HE/0N), (HAEXERE
QY NS R 5 S O R Y o S IS

RRW AR T I7 WA 2505 N R 34T
PIAR MM . 7E S L BRI 4 (Cn 20%)RT, I
IX 43 BE SR Al RS BE W38 T 1 7 i, (AAEXERE S
B b T Lordk. BEE S BRI N, RRW
J7 1 W DL 332 5 i 3

EAEREMNE, 77wl s 5 55 B H t
1345 30% 9 5511 R, RRW J7 1L 7E X 45 B S 0CF M
JESH ) RMSE ¥k 85 f, M WAL FA&g ik
L INRLTT o e Ah, Bt 096 1 8 30 A hn =
50 11, RRW J7 i Al 145 AR R fa e, iR 220 KR

JEEIN,

M 4 FTUEH, ERSHNESERET, 5
BGAGHIT M, LIAUOTETE X M S H a
MERESHL b BRI — e Rkt . BN, FE
MBS 30 #, S wa He ) 5 50 R E ]
¥Ih 30%M AT, BGITETE a B b SEL W
RMSE 4351 0.452 1 0.833, i L2 ALy v 43 511 %
IR % 0.355 Fi1 0.740. 4%, RRW JIAUA 105 v B
ARG TRE B . FEARI SRR T, HIX RS
FIMEEE 2400 RMSE 4331 0.222 1 0.705, 38 &b
TG T WA L NKLTT s o Bl S 3 ik e 4 A
SEOEH g, &0k R ZES R BT
EF, 0 RRW 7 i 15 25 10 B I B AR G Ay, 36
P AP AR A L B R 30 MRS & 50
MR, RRW B AEAR R 24 T AR R AL RMSE
IKF-5

x4 FEFMNEEBETARMIT A EBELRR

Bias RMSE
J SEgil SEEA (ENAWIRS
Bias a Bias b RMSE a RMSE b
30 0% 0% fegeflivhik 0.007 0.012 0.094 0.137
20% 20% fegeflivhik 0.235 0.199 0.306 0.404
I AU 3 0.143 0.227 0.202 0.389
RRW JALAh i1 -0.038 0.252 0.162 0.351
20% 30% fegeflivhik 0.229 0.294 0.313 0.424
I AU 0.134 0.265 0.196 0.375
RRW JALA i1 -0.056 0.295 0.141 0.358
30% 20% fegeflivhik 0.320 0.339 0.414 0.607
I AU 0.265 0.406 0.337 0.611
RRW JnALAhi i1 0.089 0.433 0.205 0.554
30% 30% gtttk 0.359 0.560 0.452 0.833
L ks 0.284 0.538 0.355 0.740
RRW JnAAfi i1 0.134 0.588 0.222 0.705
50 20% 20% gtttk 0.213 0.186 0.291 0.364
LA 0.140 0.188 0.202 0.335
RRW S A i1 —0.041 0.192 0.148 0.293
20% 30% gtttk 0.241 0.329 0.328 0.477
L ks iE 0.152 0.277 0.207 0.397
RRW JnAAhi i1 -0.003 0.300 0.128 0.368
30% 20% gtk 0.307 0.341 0.391 0.622
L AUk 0.255 0.388 0.318 0.581
RRW L A# 11 0.100 0.399 0.192 0.508
30% 30% gtk 0.390 0.569 0.493 0.878
L AUk 0.293 0.517 0.365 0.711
RRW L A# 11 0.179 0.604 0.269 0.720

g = MEAREE; Bgefliihik = RIMBUKH WS BT J7%; RMSE b= XEEZH-F45 RMSE.
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k5 REBEREEZEBETARMITAERELR
Bias RMSE
J SEgi FWEH (ENAWIRS
Bias a Bias b RMSE a RMSE b
30 0% 0% gtk 0.007 0.012 0.094 0.137
20% 20% gtk 0.202 0.043 0.279 0.209
LA 0.125 0.041 0.194 0.216
RRW JiiAL A i1 -0.101 0.050 0.163 0.191
20% 30% gtk 0.221 0.089 0.325 0.204
LA 0.137 0.077 0.225 0.225
RRW JiiAL At i1 -0.090 0.085 0.155 0.198
30% 20% gtk 0.290 0.080 0.386 0.280
L kUt iE 0.218 0.081 0.303 0.269
RRW SR+ 0.002 0.084 0.143 0.206
30% 30% gtk 0.294 0.125 0.415 0.250
Lkt iE 0.235 0.109 0.343 0.252
RRW SR+ 0.000 0.118 0.154 0.212
50 20% 20% gtk 0.191 0.057 0.269 0.221
I kUt iE 0.128 0.053 0.198 0.231
RRW SR+ -0.077 0.057 0.143 0.191
20% 30% fegeflivhik 0.208 0.075 0.315 0.200
Lkt 0.148 0.059 0.235 0.216
RRW AU T -0.072 0.054 0.141 0.185
30% 20% fegeflivhik 0.281 0.083 0.372 0.288
L kAt 0.212 0.077 0.290 0.276
RRW AU T 0.026 0.089 0.141 0.213
30% 30% fegeflivhik 0.292 0.131 0.419 0.262
I Uit 0.241 0.107 0.351 0.260
RRW JiiA Ak i 0.027 0.121 0.165 0213

g = MEAREE; Bgefliihik = RIMBUK & WS BT J7%; RMSE b= XEEZH09-F45 RMSE.

MFE 5 TR M, ERASWESEET, [
AU T 5 A FAE G TR AE X 5y B S 8 a 11
fliit B BA— ke, (HX XS5 i3 TR
BONF R, H BT T SR TR,
wn, MR R 30 8, SR PEL AR 20% .
SHWAEB O 30%M &0 T, LITEm b 25
RMSE 4y 0.225, & TALGE )51y 0.204, KUIHAE
HMERE SR Bk AR 2

L ZF, RRW AU T L T A 58 1R
B AR YR A AR, RENES R B A R
I X0 FE S BOMMEE S 800l 1% 22, H RMSE 7&
SRR IR RN T, A R Ry 30 AT
S AR EL BN 30% ., S VR LB R 20% 1 Z 1
T, 570 a F1 b 248 RMSE 41528 0.386 Al
0.280, L Jr4rIREZ 0.303 1 0.269, 1fif RRW J7
Bk — PR ZE 0.143 F10.206, s B A

5 SEEAFSR

Ry ik 20 SR Oy B S BRI FHRICR,, FRATT R
T LS ) 5 R A B T e T SRS . Bk IR T
— YK T[] BIF 98 A B B AR 220 PR AR R R A, i T
H 220l & S5 50 i 36 (Perceptions of Academic
Stress, PAS), %= H Bedewy fil Gabriel (2015)%
i, & I8MNEH, BTG g T
BRI R B PR R . R Likert 5 803147,
1540 1 e s BT ) 2k R 17K R R

ARG BT e, [ TR BRI E, X
W CAEZ R BAEM 3 R BT EE R, Ao
TER G PIIRAEZ R B A — B, PR H A A
TEANEAREZAT R, 85 RN BEVLIEZ (random
responding), JFf HIHZE N 5w 9k, ARG RS
—F, HHIFE N EEEE S, R TR
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— M RN XA R A TR A, RRBAE—
FEEE F RS Sh AL b AV E BT R, DT R i 2 55
UEZ3 AT 5 SR X AT 5 p40cHi 22 At . 76 3500 (3 7ELR
AR TR T 735 HANEAEERNE S, HA
FEAKY 21%. 76 LI =R G715 2wt Kl AR
(1) 2765 AT H S8 S22 (0 (G5 R T
PIFFE TR A< FL(E), RGP AL & S AR 22 A Y
SRR, AR 3 FoOrk b T H 25Uk, IR
RS SZE R, 11 Bias 5 RMSE Piliifghs .

WAk, ARBFTOHE 2765 ZIEHAEE BRI H
BRI T Re AT A BAE, AT R
MUEENER TS AT R . s, FERS 5
VR B S FEAR R I AT RE S AT, DI SS 5 1
BRI TERE BE A5 o PR T S AR A S A R R
S AN, 00 H S8 EE 1 S50
HEMRAL T, G A 5 Ml RIS T
Mo AHELZTR, A BN T 7 ik i B AR 5 3 1
BAEA T AR T AR, RS R 55 AR5
IR THRE S AT af M o 26 H AR B AN ST I 3
SEBRIN P B 25 R A YRR R S 2R IR,
W B RRW J7 7k A il M PR 4 T ) SRR

26 ILET 3 FSEALTT I H S5
RMSE, M 6 A1, RRW WU H1E T A S8 (a
SR b1~b4 XMEFESH) LAY RMSE ¥ E L F 1%
it 5 LomBUEit, JuHSE o % RMSE (Ul
0.101, FHALLG T EO23)THT 56.3%, ML
JNAL(0.184) FFE T 45.1%

XoF e BE S B0 35, RRW IIAUKTTTE b1~b4 1
RMSE H ¥ B LT L nkr ik, S50 A H,
% b1 XMERESESN, RRW 1E b2~b4 ) RMSE {555
AR PLE BMEEE S BN RMSE T &, % 6

e —% 7R, RRW BEUE R 0.187, BALG ik
(0.226) FREZ 17.3%, % L INALUIT H:(0.296) T K24
36.8%, N H AL AR o

F7ILET 3 FSEUET AR E S50
Bias, M\ 7 A1, RRW J5 ik e B S 40F- 14 Bias
(—0.007) i T, JLFHER 1 RS wfar, mifg
4597 ¥ (—0.096) Al L AL (—0.078) I 17 1F — < T
HIR2% . % T a 238, RRW 19 Bias H—0.087, H4A
FETE—E il 2%, {5 RMSE [a]0f T eyt #—3¢,
J Y A B SR 2 1 ] IR 5 A A0 22 (R D 3 o

T IR T =M HANT T L e RE I S 5Uh T
H1iY Bias 5 RMSE £, EAKE, RRW AU
177546 RMSE #8645 F R BURAE, WoR = A G
WS, LBUTr k2, £S89 RMSE
R, AR TR BE A AR

BEAR, AR5 A8 1ot 0] e AR ) A 7 3 S A 2
R B DL e SR T A S AT o, T RE AR AE
BRAY S TN o 3K B A ARG 1 S 5 45080 T R R
eI SHAR TSI A B ANEEE, DTEI 55 A R4S T
TR ERE2ZE S

6 PRI FIARRMTTE 5 14]

IRT 7.0 B 20 MPEEE 2 M b E 90 2 0
F, HAT BV T 0 H S EE R pEmi AT, 28
5, 50056 B IR A S AR I, SR TR
R 32 B, FEMTHISS IRT AR {E
TESZPRRL IR, S AR s A AE, JUHAE B = I
PERITELR R A B O 2 HL . X RBR AT
RE- B0 H S8 T B2 22, R e T st
SR 5 SE o BT I T B SR B0, DT ) 55 AT 5
SR MERVE S R

*6 =FSEMHitHE RMSE HItb#

Ik RMSE a RMSE b1 RMSE b2 RMSE b3 RMSE b4 RMSE b
g Ak % 0.231 0.129 0.198 0.243 0.303 0.226
ks 0.184 0.373 0.289 0.221 0.278 0.296
RRW JiiAL At 11 0.101 0.264 0.133 0.135 0.185 0.187
¥ : RMSE b =4 PMHEE ST RMSE,
x7 =WMBSEMEITHE Bias LR
Jrik Bias a Bias b1 Bias b2 Bias b3 Bias b4 Bias b
G Ati ik 0.188 -0.010 -0.033 -0.133 -0.213 -0.096
LA 0.144 -0.129 -0.035 -0.052 -0.098 -0.078
RRW JnAfli i+ -0.087 -0.183 -0.019 0.043 0.140 -0.007

: Bias b =4 PMHERESHN T Bias.
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x 8 Z=MSYMIHAETERESWLENGITHE

A5
Irik Bias RMSE
(RS 0.022 0.163
L kAt 0.037 0.148
RRW AL T 0.042 0.129

ki X S VRS R IRT 35 B 28004 BE Y
ANFIFEm, ASBEFEHE BT —F0 BT 0 AU 15
RRW, -3 3 A5 0 52 56 A1 S TF K080 A6 06 HE A sk vk
R Z5 R, R EE S BE T H S84,
HLBEE 55 g0t ) 5 50 8 H Ee g rsgn, (L5
{177 2289 RMSE 5 Bias Y LA B | Fh#ash, %
IR HE R 2 UL 1 v R R

L2 T, Ly e — e B b hetg ik
X3 BE S E R Ak RS BE, EHX X B2 S0 4 2K
WA, ERBETEEE TR ABIMRZE, K
W b AR M A 2 O A AR R T Y RS BR . RRW
AU 77 A 28U W AR IG5 T ¥ R
U B AEEYE, RE A AR X 40 B2 FUHE BE 2 B4
TR, JU RS 5 3 S 58 T, RRW JF
BRI g, RHAEZ RIS T EA
HSRMPTTPLRE S1 o AN, BEE DU K R 9 3,
RRW J7iE WAl TH 45 RAR SR LA RS e 1, i — 20
REL T H R A T

FH T LS A0 B0 3 A 2 5 R AT o B &
7E 3 Fxt He B S8 115 2, RRW AU 17855
HESHA TR 2 E R 4. [FEE, X IE# RS
PR RE S MG RS BE HL AR 2 R AR R I, RRW
BT HAL T . XEERM, FEESNEEE S, &
WAEE B IR A T BE S BUE W AEA A B Re 1k
AR 2, TR0 RRW AU HHRE % A 28040 55
DCRARF M, HAE HALEE T 2e 82 T7H 0 B S50
fGT1RG BE, 1T B2 5 e 1 S B AR TR

Mz, WS SRR IT A 45 R F B, RRW N
BRI AR RN 5 2% 50 VR 1B SR T, R A sk
AT 350 H S8R FISE e, B AT 1)
N HRT R RS SER A NS, (A% kA E—
S Jey R

HE, AMRIEZYOT 71 GRM FAIAES TR
BAiE T RRW kA& . Be |, RRW AL
BARIE BT A0 SR BB, X RN 5 IE
BN T 25 S ARANCER, DI R A i R o 1 55
O R, R I H S8 T, R
BNk, ARSCHFEAS £ 2R IR T GRM A RIFELL

IR FIAR] IRT BIAIIESE0 25 . W H S sREOE
MW AR B S5y A AE 25 7, TG e A L2
RRW 777k i — 04 Jié 8 Fofth IRT #5284, 1 GPCM.,
PCM. NRM. Z4k IRT A1) & Rasch ZEHAL, M
MTES R Z R IR PO SR T, RaE%
FLHI PRI . Rk Sl VG Rl .

HOWR, SO s [] 2 0] A A 25 v A DG B il R PR A
P, RRRS AT b S Wl i SE PR RS AT . P9k
B, J LA (I BEAS 35 X o IE W AE S 5 R W AR
(Choe et al., 2018; Marianti et al., 2014; Man &
Harring, 2023; Gorney et al., 2024), t4h, FET0
A ) AR A IRT BRI O g ih, TR0 %5 1l 2
H R T B 2 Fhm, JE A RO w5 T
(Huang et al., 2025). 5UCIFEA, 50857 % H 0Lk
AR A R T v, e I g 7 R ] 2 728 Sk A I S AR
(Lu et al., 2024; Zhu et al., 2023), H I, RRW J5
AR E B 250, J5 2 m] % S S i [a] . VR2%
ARG AR AR T I AE T, 205 Bk
AR INELR M, DL Ak b R ) A IE S VR Y

=2
=AU
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A residual-based weighted robust item parameter estimation
method for aberrant responses
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Abstract

Item Response Theory (IRT) models are widely used in psychological and educational measurement. Their
effectiveness, however, can be undermined by data quality issues, particularly aberrant responding, such as
cheating, careless errors, rapid guessing, and hybrid forms involving multiple aberrant response behaviors. Such
responses are especially prevalent in online assessments, where the absence of supervision, external distractions,
and low participant motivation can introduce substantial measurement noise. Empirical evidence indicates that
even 10~15% proportion of aberrant responses can meaningfully distort parameter estimates, while higher
proportions (20~30% or more) can lead to severe bias in item and ability parameter estimates, reduce reliability,
distort factor structures, and compromise measurement invariance test.

Person-fit statistics (PFS) are widely used to identify aberrant respondents. However, their dependence on
full-sample parameter estimates makes them susceptible to the masking effect, in which aberrant responses bias
item parameter estimation and, in turn, obscure person misfit, particularly when the proportion of aberrant
responses is high. To overcome this limitation, a robust marginal maximum likelihood method has been
proposed that incorporates PFS-derived weights into the likelihood function, thereby down-weighting aberrant

respondents during parameter estimation. Using the l: statistic, this method can effectively reduce bias while

retaining all response data.
Building on this framework, the present study introduces a new robust weighting method, namely

Residual-Based Robust Weighting (RRW), which replaces Z: with a residual-based person-fit statistic (PFS).

Residual-based statistics quantify item-level deviations between observed and expected responses, standardized
by their variances and aggregated across items. This finer-grained approach improves sensitivity to subtle and

heterogeneous aberrant patterns compared to the aggregated likelihood ratio underlying l: . As a result, RRW

assigns lower weights to respondents whose residual patterns deviate substantially from model expectations,
while preserving the full contribution of respondents whose responses are consistent with the model.
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We evaluated the proposed RRW method through simulation studies and an empirical example, comparing
its performance with unweighted estimation and the l: -based RMML approach. Results showed that aberrant
responding substantially distorts item parameter estimation, with the unweighted method exhibiting the largest
increases in RMSE and bias as aberrance levels rise. The 1: -based method improved discrimination estimates to

some extent but showed limited effectiveness for threshold parameters. In contrast, RRW consistently achieved
lower estimation errors for both discrimination and threshold parameters across most conditions, with its
advantages becoming more pronounced under higher aberrance levels. Moreover, RRW maintained stable
performance as test length increased, demonstrating strong robustness and applicability in complex testing
scenarios.

Empirical results further validated RRW’s superiority: it reduced item parameter estimation error to a
certain extent and enhanced ability estimates for non-aberrant respondents, demonstrating its effectiveness in
mitigating the adverse impact of aberrant responses in real testing contexts. By improving item parameter
accuracy, RRW indirectly increases the precision of ability estimation, providing a practical and robust
alternative for IRT applications in complex testing environments. Overall, evidence from both simulation and
empirical analyses indicates that the RRW weighted estimation method effectively reduces the negative effects
of complex aberrant response patterns on item parameter estimation and shows strong potential for practical
implementation.

Keywords item response theory, aberrant responding, robust item parameter estimation



