AN
— i

E7 7 AR M2BU % PR 12 % H RS

FHS T B FRT
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Fig.1 Item response curves of generalized partial credit model.
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Fig.2 Item response curves of the proposed model for different four raters.
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B3 A HEm & 72 5.

BEAFET I E B L REE T VORI RO LB
NTh5s.

(1) M 7v>aE7)I (A (5), Patz and
Junker (X (6)), Ueno and Okamoto (3 (8)) @
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ETFNVEIERT S L, IREETIVCTIREME BN S
FA—=F ap FERHAL TS EPEHMTHS. 4.4 T
WX, EUWANTA=F 2L BVWETLT
1E, BV REEHEE & — BN S EAHA 2
SEAIG % O B ARG - % [A145 0> T A T RE I HE IS UM L
TLEw, IhRENIEREIRTERNE 25, —
FC, MEETIVCHRH L7iHiE — B/ ST 2 —5
ap 13, —HEORVEHIE DXL /NS T5EE%
T5-0[2),[31], REETFNVCTE, 20X RFFME
DAFAEIER T 2 BB O T 2 M#T & 5.

(2) ZM7vae7)V (X (5), Patz and
Junker (X (6)), F#%3 (3N (7)), Uto and Ueno
(#F (9) DEFTNERET B L, IREETNVCTIIRE
FPHOHIR M2 R TE L LA RL L, 4.4 Tk
N7z E9IS, INSOBFETIVTIE, Sl E TR
i 5 T — OFHMEAIA—FH L T B EARET B 72
¥, RUEEHER o I BR A\ FRAILE O JUS 5 i 351 &
Femk L CEH SN, INDRETMERE O T A &
b, —HThikoLb), REETVTIEAT YT
INT A= dpg \Z &0 FHME O REEHPH O HIBR 2 F2ifk
WCRBTE L7720, ZORMEICHEL TREEOREVEE
i 23R LT O RIS R EE DR T 2 T & 5.
PLED X 9 ICIREE 7V, B OB % BE
FEFNVEY)FICIHZ D Z D TE LD, BEGE
MHEDORE T = Z VT LB T E 2 YETEDL L
WitFc& 5. BIZ, REFRIE O % EHECRE M
EMIITE L7:0, REFMERSGFAETLHET
THARA Y MI#EELTOEVREIIEREE & R T
EpLEZLND.

6. ¥I2L—3 FEK

KETIE, YIa2lb—3 a3 VERICEDEFVILE
Tl L CIRETTVOARMEEFFMT 5. DFETIE,
iz, X (5) DEFVE MFRM, & (6) DT



B SETTRARXA Y MIZBIY

B SRR | 2 T H SOS B

T % Patz1999, X (7) DEFNVE Usami2010, 3
(8) DETN% Ueno2008, 3 (9) DET V% Uto2016
EENZIEFRT 5.

6.1 BHWMEBEEICEICET IS

REETIVIE, 1) FHlORL &, 2) FHIHE— B,
3) REHPHORK, 1T RE%EBAAET IV
DERKICEHTEL, LD ->T, ThH0RENE
B ARHIE D ZHAET 846, FHi7T— 5 13
BZEFVOETIRE ) DBAFET IV L) ERD &R
TEA., COBEEFWELNIIT L2012, KETIE, ®
HEHMBZ I L2 3 alb—YarF—y 2w,
ligi& e SLANE SoREED i i X sl

EEFIRZLLTOEBY) TH B,

(1) J=230,1=4 K=5&LT, RE=E
7V, MFRM, Patz1999, Usami2010, Ueno2008,
Ut02016 /8T X — & Bifli % £ 2 D55 AIZHEV T ~

WAL, ZN6E2F5-& LTHET 25 R
F=y U = 7) L.

(2) KFliE r OF—% U, = {ui|Vi,j} CU
%3 3o TET L, REFHNE O s &1 L 72
FHiT—% U = {U{,--- ,Up} &ALz, ZOLk
&, r FHOFME 77— 7 1213£ 3 ND r%4+ 1 47H
OHHIZEH L7z, 22T % EREEERT. £3 T
&, BHD (A) 2SEHiliE—E T 5, #El (B) &

#2 NT A=Y 54
Table 2 Parameter distributions.
log o; ~ N(0.1,0.4), log o, ~ N(0.0,0.5)
Bis Brs Bik, €y pir ~ N(0.0,1.0)
dik, dri, di, bi, dr, 65 ~ N(0.0,1.0)
bik,erk ~ MN(p, X)
pn = {—1.50,-0.75,0.75,1.50},

(C) PRE#PAOHEICET 5, HHI (D) 2550
ik L S 2B 2 BEEIE 0 7 — & BRI &
REEFFAOHIBR I 2 BT D /8y — v 98
%z%néﬁ,::fi,$~@4ﬁ”ﬁéﬂA(ﬁ
HI (B)) & oo aomicmashHa AL (C))
@2N&—>%ﬁ%Lt.$—%ﬁ®u%ﬁmiﬂﬁ
BB 2 WEHIEE 12, FEE D O OFFRUIAR 5 IR
X BN - TRREOKRE 2% X5 LT % Wikl
m%<&%ﬂ,ﬁ%ﬁ@@ﬁmwﬁ%mtbfﬂ%h

% [22], [24]. =2 EOFFRIE 2 556 13 B MR
WeE 2 FERHGE O E RN ibuxfwtcw.
(3) ZEWHIOFKFMT—% U 12 LT, _ET

7V, MFRM, Patz1999, Usami2010, Ueno2008,
Uto2016 % IGE LT3 T A= SR wATo 72, HEE
APMARY)AANARTA Y TAEFTAY Y T) 7
ARG DET~ IV 2 7 HEHE 2 7 v afk (Markov
chain Monte Carlo: MCMC) [2], [28], [31] 2 & % ]
fERpsffeditsE (Expected a Posteriori: EAP) £ T
1To7z. 787 A — % OFFSAIZIEE 2 27z,
(4) FhE (3) CTHEL72AES LIRENT A =%
DIEZ T G-& LT, REFFMET -5 U »O&EET
VOFHIE /ST A — % % MCMC THEZE L 7.
(5) FME (4) OHEEHR % OIS
L2 ETIVERET, £ET VOIS 2175
7o, EHREAEMEICIE, ETVERBEIZB WL CF
&1 5 Akaike Information Criterion (AIC) [48],
Widely Applicable Information Criterion (WAIC)
[49], Bayesian Information Criterion (BIC) [50], J&
WO HE (ML) % v, 72721, ML 13w EH
ﬁ%Afmﬂix—&fﬁLwTé%%ﬁébﬁ%”

095 016 046 016 BERHAETE 2wz, MCMC # > 7 v & w7z
s_ | 016 025 016 0.6 FHEB I RD/Z, 22T, AIC, WAIC (Z)U4L
0.16 0.16 0.25 0.16 . - . \an 8 \an
PP BAER MUY B ETNE RIS 5 FHTHY, B
#3 VIal—Ta VERTHMHY 2 RERHEE 7 — & O LSRN
Table 3 Generation rules of aberrant raters’ data used for simulation experiments.
SR Fﬂﬁk“f‘ﬁﬁ%‘T ¥ Ul DL

(A) —HEMWIME
GHiD T > & 2 A4 AHER )

T —% U, D 70%% T > ¥ LI

ﬁ:é’@’f_ﬁT:")H CEWRLT—Y R UL LT 5.

(B) RE#HOHEARMIZE | T Fali—20h 7T ) — k' € {1,--

(H—DFF R RIS Aw 5 )

JKY 23R, GHliT—% U, 57 ¥ ¥ LI5GE

WL 70%07—% % k' L:E?@LKT 7% U t95%.

(©) REEFEM O FIRAE
(ZD DA IR 5 )
3 THVHEIE K

TYF R ZonnTT) = k7K (2L, U
TV MR LT 10%0F — 4 IS LT, F— § OFHE ) KE VS
WCHEE LT 2 U LT 5.

E'") IR L, ?Tﬂﬁ'r Y U. b
=y U M S

(D) WL, F2E3HY

T LER LT T)— K e {-K+1, -+ ,—=1,1,---,

K -1} zpr5L L, &

(’\ﬁiﬁ’] R, FEEVEE | T8 U, 257 VY AIER LI 10%DT =8 % x4 + k""" L LI2T—=8 %2 UL LT

HIZMRA) b, 1272

L, BitEos73) =51 £ T b56

1211, 5 #BRAHAICIE K & L7,
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SNLEFMIIROT =5 OFWIERZE TN &
fET& 5. —Ji T, BIC & ML i3—5tt& b o€ 7
WEPTEETH D, BHEMICEOETVHIFIREING.
DLEOFNEE 10 B0 R L, w4k
T S LI E T OO T L B ok
7o, 7z, WBOZOIZ, FHiT—% U ISHLTY

(6)

FEERAFR 4 IORT. £4 L), BEFMELE
% y U (LI, WEFHliET— 2 LIER) (12
LT, 7= BEICHWETUNETOE =
HEHECTME 2 ET NV E LTBIRENTWD Z L bh

5. —HT, REHIEOT— 21 LT}, 7%
BETLDET VD0 b LT, REETIVILETON

[FRED E TV HIREER 24T o 7. WERETRELZETVELTHEESN. 2,
F4 VIalb—va VERICBITAEREEEL W E TV
Table 4 Model comparison using information criteria in simulation experiments.
T REETV RETTIV MFRM Patz1999  Usami2010 Ueno2008 Uto2016
RS  AIC REETIL 1.00(0.00) 5.80(0.16)  2.80(0.16)  5.20(0.16)  2.50(0.65)  3.70(0.41)
MFRM 1.00(0.00) 6.00(0.00)  2.40(0.24)  5.00(0.00)  2.70(0.41)  3.90(0.09)
Patz1999 1.30(0.21) 5.00(0.00)  3.40(0.24)  6.00(0.00)  1.70(0.21)  3.60(0.24)
Usami2010 1.00(0.00) 5.50(0.25)  2.60(0.24)  5.50(0.25)  2.60(0.64)  3.80(0.16)
Ueno2008 1.00(0.00) 5.40(0.24)  2.90(0.29)  5.60(0.24)  2.30(0.41)  3.80(0.16)
Ut02016 1.00(0.00) 5.00(0.00)  3.20(0.16)  6.00(0.00)  2.00(0.00)  3.80(0.16)
WAIC REETN 1.00(0.00) 5.70(0.21)  5.30(0.21) 2.70(0.21)  2.50(0.65) 3.80(0.16)
MFRM 1.00(0.00)  6.00(0.00)  5.00(0.00)  2.10(0.09)  3.00(0.20)  3.90(0.09)
Patz1999 1.40(0.24) 5.00(0.00)  6.00(0.00)  3.30(0.21)  1.60(0.24)  3.70(0.21)
Usami2010 1.00(0.00) 5.50(0.25)  5.50(0.25)  2.60(0.24)  2.60(0.64)  3.80(0.16)
Ueno2008 1.00(0.00) 5.30(0.21)  5.70(0.21)  2.90(0.29)  2.30(0.41)  3.80(0.16)
Uto2016 1.00(0.00) 5.00(0.00)  6.00(0.00)  3.00(0.00)  2.00(0.00)  4.00(0.00)
BIC BEETL 1.00(0.00) 5.40(0.24) 5.60(0.24)  2.80(0.36)  2.60(0.64)  3.60(0.44)
MFRM 1.00(0.00) 6.00(0.00)  5.00(0.00)  2.20(0.16)  3.10(0.49)  3.70(0.21)
Patz1999 1.30(0.21) 5.00(0.00)  6.00(0.00)  3.50(0.25) 1.70(0.21)  3.50(0.25)
Usami2010 1.00(0.00) 5.40(0.24)  5.60(0.24)  2.60(0.24)  2.60(0.64)  3.80(0.16)
Ueno2008 1.00(0.00) 5.10(0.09)  5.90(0.09)  3.00(0.40)  2.30(0.41)  3.70(0.21)
Uto2016 1.10(0.09) 5.00(0.00)  6.00(0.00)  3.20(0.16)  1.90(0.09)  3.80(0.16)
ML REETI 1.00(0.00) 5.90(0.09) 5.10(0.09) 2.80(0.16) 2.30(0.41)  3.90(0.09)
MFRM 1.00(0.00) 6.00(0.00)  5.00(0.00)  2.40(0.24)  2.70(0.41)  3.90(0.09)
Patz1999 1.30(0.21) 5.00(0.00)  6.00(0.00)  3.30(0.21)  1.70(0.21)  3.70(0.21)
Usami2010 1.00(0.00) 5.80(0.16)  5.20(0.16)  2.60(0.24)  2.60(0.64)  3.80(0.16)
Ueno2008 1.00(0.00) 5.50(0.25)  5.50(0.25)  2.90(0.29)  2.30(0.41)  3.80(0.16)
Ut02016 1.00(0.00) 5.00(0.00)  6.00(0.00)  3.00(0.00)  2.00(0.00)  4.00(0.00)
WHEHE  AIC R—EETNV 1.10(0.09) 5.00(0.40)  5.60(0.44)  2.00(0.20)  4.10(1.09)  3.20(0.16)
MFRM 3.30(0.41) 1.00(0.00) 4.70(0.81) 3.50(2.45) 5.30(1.01)  3.20(1.76)
Patz1999 4.70(0.61)  4.90(0.89) 1.00(0.00) 2.60(0.44)  5.30(0.61)  2.50(0.25)
Usami2010 1.90(0.09)  5.90(0.09)  4.60(0.44) 1.10(0.09) 4.00(1.00)  3.50(0.25)
Ueno2008 2.40(0.84)  6.00(0.00)  4.80(0.16)  3.80(0.36) 1.00(0.00) 3.00(0.40)
Uto2016 3.30(1.41)  5.90(0.09)  4.40(0.44) 2.30(0.21)  4.10(0.69) 1.00(0.00)
WAIC REETIL 1.00(0.00) 5.50(0.25) 5.30(0.41)  2.10(0.09)  3.80(0.96)  3.30(0.21)
MFRM 3.20(0.56) 1.10(0.09) 5.10(0.49)  3.60(2.84)  5.00(1.20)  3.00(1.40)
Patz1999 4.00(0.60)  5.70(0.21) 1.00(0.00) 2.40(0.24)  5.10(0.49)  2.80(0.36)
Usami2010 1.90(0.09)  6.00(0.00)  4.40(0.64) 1.10(0.09) 3.80(0.56)  3.80(0.56)
Ueno2008 2.40(0.84)  6.00(0.00)  4.80(0.16)  3.70(0.41) 1.00(0.00) 3.10(0.49)
Uto2016 3.30(1.41)  6.00(0.00)  4.60(0.24) 2.30(0.21)  3.80(0.36) 1.00(0.00)
BIC REETN 1.40(0.24) 4.30(0.21) 5.90(0.09) 1.90(0.89) 4.50(1.25)  3.00(0.20)
MFRM 5.10(0.49) 1.00(0.00) 4.30(0.61)  2.90(1.29)  5.00(1.00)  2.70(1.41)
Patz1999 5.00(0.60)  4.40(1.44) 1.00(0.00) 2.80(0.56)  5.30(0.61)  2.50(0.25)
Usami2010 2.10(0.09)  5.70(0.41)  4.90(0.29) 1.00(0.00) 4.00(1.00)  3.30(0.41)
Ueno2008 2.60(1.04)  5.20(0.76)  5.40(0.44)  4.10(0.49) 1.00(0.00) 2.70(0.21)
Uto2016 3.70(0.81)  5.70(0.21)  4.50(1.05)  2.00(0.00)  4.10(0.69) 1.00(0.00)
ML BEETNV 1.00(0.00) 5.70(0.21)  5.10(0.29)  2.10(0.09)  3.70(1.01)  3.40(0.24)
MFRM 2.00(0.40) 1.80(0.76) 4.30(0.61) 3.70(3.61)  5.10(1.09)  4.10(2.29)
Patz1999 3.80(0.56)  6.00(0.00) 1.00(0.00) 2.40(0.24)  4.90(0.09)  2.90(0.49)
Usami2010 1.90(0.09)  6.00(0.00)  4.20(0.56) 1.10(0.09) 3.70(0.41)  4.10(0.89)
Ueno2008 2.30(0.81)  6.00(0.00)  4.70(0.21)  3.70(0.81) 1.00(0.00) 3.30(0.21)
Uto2016 3.20(1.56)  6.00(0.00)  4.50(0.45)  2.40(0.24)  3.90(0.29) 1.00(0.00)
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6.2 BEABAIEREDLE

2T = ~NONTIEE Y A E W IRT E7FVIE,
REJJISE DN A 7 AER % B EECTY BT 2 720,
EVRE I E R EEASIIRE T & 5 [2],[19]. €2 T, K
HiClE, SENMEREOBLITICTE T IV O EZITW,
RETTNVORMELE LT 5.

6.2.1 MBS EF

ZIZTlE, 6.1 OFEBRLFEAMICKEETANL T =%
FREEE, FNOEDOF =5 PO BTN TR
ATV, HEEME &R B & A IR B ERE AT .
C D& mMEEREDOFMICIE, HEMH L BT
¥FJ7 2 FEii% (Root mean square error: RMSE)
DLV S NS [2],]19),[31]. LA L, AERICH
WT RMSE #JHw5 &, BEOEF ) EHEEET T IV
B DB EDMAED, TFENVF—HLTVWEEELD
BWRICHEE SN, INSDEEIZOWT ORI % LK
T&R\W, 2T, REHTIX, EORIMELREIE
EMEOMBEE VTSR E 2T 2. €7
NVOAR—FHIZL ) RMSE 758 HEE SN AHHATD,
M ET UL, FEBE OB RIER 2 1E L HEE
TETBY, ZELREDMEN RSN IR b,

AREBROFNHIL. FOL BN TH 5.

(1) 6.1OFNE (1) (2) LFEBkIZ, % IRT €
TINDINT X —F AL ZNIHE ) BT — 5 U %
s, KF—5 U b § 2 BRYEFEMET— %
U #HE L7,

75 MCMC 12X W EEFLDST X —¥ ZHegE L7z,

(3) 6.1DFH (4) LFEFRIC, FHiT—% U »
SHEE SN B B ORI L ST A — 5 Z5-L
LT, BEFHET— 5 U 55 %7V OFFMEL
PSS A — % ZHEE L7z,

(4) FHliT—% U L REFHliBT—5 U %
NENUZDOWT, FFEEOR) & &iFliE 0T —
% U,, U.2»5HE L7, 72720, iHiT—% U »
SOHEETIETIE (2) THEE S N7-7RE & RFi /3
T A= &pPiGe L, WEFET -5 U 25 D
ETIETIE (2) CHESNIZEE ST 2 — 5 & TJE
(3) THEE SNIEHIE /ST 2 — 5 &5 & L7,

(5) HEFMHE DT — & 7 SHEE SRSl & fE
JIEAE & OB Z KD 7.

(6) DLEoOFIEE 10 HiEDEL, HEOFHL
e 725 & R 7z,

FEEBR LR 5 IR, K5 LD, @EME D
7= % Tlx, MFRM #"EDETLOYEERE, H
DEFNVEHCTCHE L2E &R EVHEZ R
Lz Edbhb. EOETIVH MFRM OBEE I
i, RETTUPROME»E D5 7205, EBIZITE
TOETIVIHIZBIT 5722505 0.01 K & IEF 1T/ S
W7z, ETIVEICTEM 2 ERE RV LR TE 5.
MFRM b HilizEFLTHY, oL THESF
VO TRETIVEARREDL, 20720, MOETIVT
b MFRM O 7 — 7 EpGER 2 T E, #ifke LT
ETNVH ORI DN LFERTE 5.

fl7s, WHEHFHEE D 7T — 712 L Tid, BOET NV
Wb 5T, MEETFT VRO MEE» 722 &
Bhrd., HFHCTRLEZEBY, BAEETILVTE, R
BRHIE QR HEA LT LA 5 2 D TE R VD

(2) 6.1OFH (3) LFMIZ, &FMM7T—2 U BENHERBENIKES KT LAZEEZBNE, ThC
£ 5 HEJEAE L HEE B
Table 5 Correlations between true ability and ability estimates.
Ty REETV O REETN MFRM Patz1999 Usami2010 Ueno2008 Uto2016
PP REETIV 0.556(0.123) 0.474(0.143) 0.479(0.145)  0.533(0.127)  0.502(0.136)  0.532(0.123)
MFRM 0.573(0.105) 0.497(0.131) 0.486(0.154)  0.545(0.123)  0.512(0.133)  0.555(0.111)
Patz1999 0.577(0.119) 0.516(0.147) 0.540(0.130)  0.553(0.128)  0.521(0.128)  0.556(0.114)
Usami2010 0.556(0.121) 0.440(0.164) 0.453(0.159)  0.539(0.149)  0.471(0.150)  0.514(0.134)
Ueno2008 0.493(0.145) 0.451(0.145) 0.433(0.142)  0.476(0.151)  0.457(0.130)  0.480(0.151)
Ut02016 0.499(0.151) 0.436(0.164) 0.438(0.129)  0.490(0.136)  0.454(0.141)  0.454(0.139)
S EHIE REETTIV 0.864(0.037) 0.831(0.055) 0.841(0.053)  0.855(0.044)  0.840(0.048)  0.848(0.045)
MFRM 0.846(0.044) 0.841(0.053) 0.840(0.048)  0.834(0.054)  0.840(0.043)  0.833(0.050)
Patz1999 0.837(0.055)  0.814(0.064) 0.886(0.038) 0.843(0.048)  0.815(0.060)  0.830(0.051)
Usami2010 0.834(0.076)  0.796(0.083) 0.816(0.067) 0.843(0.066) 0.815(0.078)  0.809(0.077)
Ueno2008 0.800(0.081)  0.771(0.084) 0.795(0.072)  0.795(0.069) 0.802(0.070) 0.796(0.075)
Uto2016 0.801(0.069) 0.710(0.114)  0.744(0.095)  0.787(0.085)  0.764(0.103) 0.810(0.075)
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6.2.1 DERTIE, HEOEFILEHEEETFNVHPEL
DA IOV TREMERE % T 572912, HE
ERM L7, RECTWE, BOETNEHEEETVOHE
U¥a %5 & LT, RMSE 12 & 253852 03Tl #
179, REBROFIHIUTOLBY) THA.

(1) 6.1OFNE (1) (2) LK, % IRT £
TNDONRT A—=F B EFHET— % U 58453+,
KT =5 U\ d 2 REFET— 5 U % HER
L7-.

(2) FHHEDRS ERENT A — 5 OBEAE % P15
LT, BEFMEBET—5 U 255 -EE ST A —%
HEE LT

(3) FHliT—% U L REFHliET—2 U O%
NEND»LFBEORI 2 HEE L, BEHEEME L b
BfHL D RMSE #kd72. 2ok &, Fir—45 U
o OHEE T, REELFHEE /ST A — ¥ OEE T T
He Lk BEFME7—5 U 2»50HETIE, #
BT A=Y OBELFIE (2) THE L725RlIHE N
T A=y wprg e L7,

(4) DiEoTFE%E 10 @D E L, RMSE O
&R S % R 7z,

EEAER AT 6 1R, £6 LV, @EHET—
7 ClE, EFIVEO RMSE OZ55%0.02 LUF & i
THY, LOEFNRMREORE CHEIfThI
LWz L, —HT, WHFHIHEDT— 7\ LT, i
FETND RMSE D/h & o722 L D HERRTE 5.

6.3 = =

DEoyIalb—varEBrs, £30L)%
BESME DL HAAET B t, BEOF— 7 58RI
69, MEETAULT—F 10D LY TETED

£6 YIal—arERIZLBEDIERNE (RMSE)
Table 6 Ability measurement errors (RMSE)
evaluated using simulation data.
FUE AN A SR
Ty RERE) P BRERE)

JRFEETNV  0.205 (0.175)  0.080 (0.064)
MFRM 0.413 (0.324)  0.088 (0.067)
Patz1999  0.473 (0.379)  0.078 (0.061)
Usami2010  0.254 (0.226)  0.082 (0.068)
Ueno2008  0.466 (0.365)  0.095 (0.066)
Uto2016  0.436 (0.348)  0.087 (0.068)

220

e ERE Db m b I EdURE, 72721,
F3IWBTF L REFMEDO ML LHFEL VLD
BEIE, BT L OIREE T NAE & 7 AL
v, IS, T8 REYICRHEATE S ET VO
BAFAET 24, /89 X =2 BDOL R CETFVONH
BNV 2 R T RE DS [2], [19], [26]. Ui,
INT X =GBV VBT VDR, /87 X — 5
W BT I BHBEL D, XT A — 5 OHEERED
LT 5720CTH5[2],[19],[26]. L7zw>T, Flz
1, # 3 OREEHE (A) O X9 H—BEORWET
B DAL L e WA 121, FHBEOR L & & REF
FORIBROFFEZFRIHTE, RETTL I 8T A —
5 Bh b 7 v Ueno2008 DIRMAEE) TH L L& 2 5
N5, £/, BRYEFHME (B), (C) 0L mREH
PHO M BR 2358 OV EHIE DA TE L 2 W &1, FFliE
—EM L L SO ERBITE, REETVEIND
B35 A — 4 TRIK E N5 Uto2016 %° Usami2010
OFPENDLEFEEINL, LAL, 1.8 4.4 T8
N2k, FEERLOET T RA X Y TIdEEA
% BB R b OFHMIIE AT D REME D R <, Z
DX BGAIRREEFVNEAET VL) ER
PERE R RS Z E AR DOERD GRS N2 RIETI
HEOFREFEFALOETTEAA Y MIBWT, %3
DEERFMEE S OFE AL, IREETUIER
ThhHILEET—FIZLYIRT.

7. E7T-%EH

RETE, BEREFEBRICEDIPUELZEBEOET T
LARXA Y MNT =5 EHWT, REFLEOFNE LS
T 5.

7.1 £E7F— %

KREFFETAT o BB EBRTIE, 37, 30 HOKF
HEERFEEITG LT, WoDI AT 1 ¥ 7z LT
b7z, 74714 7iEEIE, National Assessment
of Educational Progress (NAEP) @ 2002 4-[52] &
2007 4F- [53] THE S N7-E 2 HAGEICHIER L 72 %
DTHY, HEMMRERCHR 2 FaIARE LELE Lew
NEZEIRL 72, KAEICx L TR SN R Y
%, 30 BOWRE ICEHI 2 ¥ 72, 5Hilil NAEP grade
12 [63] 1D WTHERR L 72 5 BB 7 7 ) — O FFA
EETHCTThE, #BREICRL I Fy -4 %
G2 TR 2T TE D, EMHEHRFED Bk
B lrn, SREBRFHOHIE SR L T2 1THE
PEEEWE VR B,



HLET T R A A Y MBI A BB (w2

T H RO PR

£ 7 ET— YT 2 e AL
Table 7 Information criteria calculated from actual
data.

K8 KT W OIEESNIEHEE ST X — 5
Table 8 Rater parameters estimated from actual
data.

AIC WAIC BIC ML

SHEE o Br dr2 dr3 drg drs

EETIN —4431.53 —4396.07 —4561.84 —4324.23
MFRM  —4650.06 —4646.46 —4696.30 —4615.25
Patz1999 —4662.97 —4646.08 —4776.47 —4575.41
Usami2010 —4458.22 —4434.58 —4554.20 —4377.75
Ueno2008 —4541.02 —4504.17 —4651.02 —4445.21
Uto2016  —4442.92 —4434.82 —4518.58 —4385.57
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0.638 0.132 —0.383 —0.460 —0.163 1.007
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28 0.855 —0.397 —0.589 —0.943 —0.441 1.973
29 1.338 0.118 —1.423 —0.253 0.494 1.182
30 0.834 —0.285 —1.741 0.715 —0.067 1.092
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Fig.3 Ability measurement accuracy for each rater.

£ 9 FET— 5K BRETIHEEHIEE ORI
Table 9 Ability measurement accuracies evaluated
using actual data.

B EERE MeERGh e (p fE)

RZTTIL 0.313 0.053
MFRM  0.379  0.075
Patz1999  0.464  0.067
Usami2010 0.443  0.057
Ueno2008  0.386  0.055
Uto2016  0.382  0.065
EHE S 0.499  0.157

3.025 (p < 0.05)
6.995 (p < 0.01)
5.987 (p < 0.01)
3.385 (p < 0.01)
3.192 (p < 0.01)
7.709 (p < 0.01)
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