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[EY ) - 2EROGRE ] 13, BEBE CEMET 2HE (RMAHE) RO 3FIC 1 EREE
fid 2 TRAFEZFHE] & [REE T 2#E] (WixdHd) cliEhtns, 5%
S - RGBSR E LT, I3 4ES Ao [2E 22 h#HE BT 2 5% A
HFliopnT, OFE, FHE LTRECERL T 3HE L. @2 e d 2 cd 5 [#
EELFE ] RO [REF N T 2HE ] 2EPEMRTREFELRFHED [ HE] 2 LT
BT, BT 2 C L 2MES S, SGREMEE TR, comERRE 2 < SHEOREE
MoTnZlelLlTW3, 20 ¢ 2Z ) HEOBEHM L F— 2 DEHMES X 045 %D CBT
L DM B OHEMED 20, DT 7 = A LF— b CRBELOWHHE X
T 2 IE B D FEA % fif3 - WS 5,

FRAEZAL T AL (X, 2B I X 2l 4 0 REAEFED A TRILOEIETIE & <. RER R O
RIS DT, BAEDZALZ R ILIE - o0 L. EOEE IR OMGE - S Icfrcs 2 e %
HiVE LTwb, 2070 FRAEZCITETAEIC BT 2 1EHE O BIEN R IT 2 E o WA fERHER
oMM INTZERTH Y, Z T Tib T 2 HIERIM L. EHOBREET L (DEGHEET
Ju @ psychometric model) & L CI3JEHH KGR (item response theory : IRT) %, F&T ¥4
v & L CIIBEEARGHE D (sample survey method) #AHAA&HE7-EE T X b 4rfittik (item-matrix
sampling/matrix sampling) ZHA & LT3,

PISA 4k /1iH& (NAEP) HTH A I N T 2 HEE T X t oMtk o FAR 7 Bl 1S
F TR 21 SEFED O PR 24 SIS H T COERRFEE R EM I L L CTiTb iz, % D,
PR 25 AFEEARMIE & LT, PR 28 AFEE & ARl 3AEREICEE T A b oriihk I ERA L -
FhtiofTb i, fll 4 O RBEAEFED A IR TIE 7 < ERKROF 155 DRI ic o n» T, Fhk 28
FRETAE & FLHE T L 72 ) O RAEZAL & RIS - 0T L 2RSS S h T v B,

INHOFETIH, FHOBEETVICIRT 28AL T3 Z & %G LT, 2t (booklet)
RN B FEM S A W IC R 28807 A MitF 2R L. 200 2l 4 ozE R
FEHLTW5b, THICX D, ZHREOMERME R EOEMEZBRL 22A00, UMTo k5% 2D
vy FEEZTEILBAREL o TWnE, Thbb,

A) ZEOT A MEECEH: item) % —EOFECEMT 5 Z & T, {EkoFETEL L

R MENBOBIE 2O XY ZHN»ORY TR CTENSHORAETARbND Z L,

B) AwicEAh2HHOMAGDE» LR 20 THoTH, T nonftroFbii

FhEeH@EORE LIcAiE L THIRTE 252 &,
C) WFEICHEML 2HE %2 —HEAL T MEERER T LIk ), SWBETEND
AL OBEIATE 52 &,



Y ThB, I, EAFEELHAGDELZLICLY, F—TEHECTH - TH., B
DN B CFEECHEE TR, HEMEZ L - Zf73 2 L oHHEOIERE ZHEMICE 3 C
EHRTE B,

72, ZOLAR— b CHE I NAEAEEIL. FERAVIC T, REFTIE CEBHEHE R & ol
BHEEHZMMPICED LIk oT, N7 -2 LFARFCZNLOERE L 5 LICK DX
JEME CBT L&k 2 3 o5 5T BEDRRMN R E2ilA 2RO L 2 2 L b HIffE
b, ZD70, SHOBAINRFEE FHL T, HRR cRFATREF b T iR E
(plausible values : PV’'s) ®JH H K)IGHFHE TV (IRT £574) O—2THh 5 EKERIGET v

(graded response model) 7z & DGR RfEH S DT 7 =N L FR—PZIFETN TS, &
SICRERANICIZ IRT £ 7 2RI L 72 % B RS ISR 7 2 b (computerized multistage testing :
il 2 D ZHE DR CHERILICEDE THET 2HHEZBERWICLZZ 27 A MER) 2 Ed
MAAEFN TN D TFHRINS, COTI72ANLF—MIZD XD BEED D DEY)
DAT v 7THH 5%,



2 T7AboiEre ¥

2.1 T HEH

RWTRAFBRORERY RIS 5 &, Z41% (validity) . M (reliability) . A
(usability) ® 3 OPMEMTE 2, UM LIE. TAPMICX o TRONSERNEYITH 5 5 &
IICBET AR TH B, 2 ZITHEEREIC X > T—=VF Y T4 Bl 20X 5 R
B X=YF VT4« TAPE LTI OHBEMREICITZ L ER ] L), FhRE L
DB R D X 5 e A& & ZIRBIEI ¢T3 b v & w» ) Sl o JRHI S 2 R ik
T2, 57 EHEEIFZ.ZOTAFTCHIEINTWAHEEREOEREE—H L T\ 3% (consistent)
EIDICEHT 2RI CTH B, ME SR EBEN G ZER L < BERRIMRIICE 2. b
LAUZRELRFE LT A M 2ZFCh, R 220 ZOMENEAL->TCLEZEFTZDOT A
CIIEEES R Tk b, — . AREEBZZOT A PO wbIIFEVETO X X PEANLE
BHRLTW, 2L 2 ENFIBERECHESNICENZT A FTH > ThH, EICEK LT
P A2 5 O CTld. BAXEIE (C/P ) »o¥MiL <z o7 X McldA R,

7 A FHEER (testtheory) &iF, —F TV zIE, TOX I ARt HbE D o ZEmE O LI
BEZFERL, 2nr2E - EHT 2720025257000 THs, ThbbdbbTA
k23,
® ZDTRNTHELZZWENCLHRK LD LHENFREE (ZYTEoRME) |
o ARMITKHE L (FEEMEoME) |
o HFENLaxtob T (FHMORME) |

HIECTECTWE 285 22 METHNCHIBT L T BRIV EE 2 52 2 b D TH 5,

7 A P EEEIC I A Y 7 & b BHEEG (classical test theory : CTT) & IEHHICH R (IRT) ok
RS ODMERERLDH 5, HEKICHGRD 703 R L CIRESINAET AL TH 5720,
Z NPHTD SAFE L Tz BiEmIc [HER ] L w ) SERZHEL T 3720 TH - T, il 7 2
FEEGRDS [H L TS 72w Bl CTH 5 L WHERTIE A, BIETH I FIE AT
A b Ot - FHEME - AR RAET 2 BdfriAR & L CTEEARKRE Z I L TWws, LaL,
Z DREZAL A TRk o 2EYT) - FERIFED CBT bz Big 2. 2»>7 X + 5l
HEFH O B D D> & JITE D BT A & U C IRT 25 L 72,

2.2 Fhoti LR & DI

ZhoFABICBWTHEINS T X MUE CEH: item. 2D 7 7 = A A LR — b Tl 35|
ETTF RN IBEARWICFH CEWZ IS T, EHEHE VDT 2) BEER TR ANITENOREL



BUITE v, BIFEIN2 T A MIROZLD, ZIREDENDOEIC K 2 b DeDd, HEHD
O (REEIE) OZELIC L 2 DA DORXFNBTE R\ DTH 2 (=7 2 MFHOHEHKFNE),
WHEOTAPTHELRTWE TR MFEICIZZOWMEL DB KMEN TS, 2D
O, WG RGEICIE, L WT A BRI ENOBREZRE L LT A P EZ T Y05
WERE DT A MIRBEBEOFNOFREHFI L CLE S HRBEZ 5, ZoxLe L,
FERCEEHZBREVIBRLES R DRI OND, LA L, BHfIcH R 22 h#E it flx
FFEEEEHOUWETHE O CBERICER L ZHESE 2 2<% 5, HEAAMATE v,
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29 LERAZRRT 2 6% aFKe U<, HEAKGHERET v (IRT €7 V) 2% %, IRT
ETMIE, EROHE R ZMAE SR Lo TRk bz 7 X ML L IE Y, SREDHEHEH~DIE
MG Z =12 L DWTC, ZMEDFNZ Db D%, FEh L 72THH O R EEE 2> & BHFE I 5B
LT B TE 5, 20FHAHICETHE I 9, ROMBMIABHAED KFEAYILET 2 F D
WDIEERNT TH B 2 HEE 1 RO B 5 F OB cHEINZ 24D 5 b D H 5IH
HTh b, ZIMERIIN 0 TLTHY, BACEAZHFITTICETRS 14, E@EARL 08
T2 (20X ABHA0 L 2HARM HEKE) LIEER) & 207 2 MMFs (EERE )
0 HA 5 24 HOFAICAZ, 7 A MIEZ LICCOEBICIEE L -ZRE0EG%EHET 3,
CDTFANT 0 HTHo2BZEOHICIEZ DR EETE 2D DRFEEL R VDL ZDE AL

B +FE/5/2O0RICAET LS _FD=AMABCIZE T, AB=AC=2 £T 5. &=, AZED
CORDERZA ETH. CDEE, sinBA=F U TH5.

H 4 & 8 ] 1z LU 14 ®oom @ oM

REAS

1 JHEREd R of] (R )
LWIRO0 LD, WICHmD 24 MEN->72HIZRECOHHIKEEL T30 Z20E&IX1 &
bo T HiT, BHCT A ML MECT A MER I L DIEERE T my L, ZHO EAER
TR 1 oA BN 3, Zofhfio Z & 2 TEH4E i (item characteristic curve : ICC)
CIES, BRENROH/ABEL 22 IFEIEERLEHEEL L5,



ROHEHES ., @ 1 X NFEBOERE ciE I W2 HECTH 5, < OHEHOHEHEFHEIRHR
ZHCTb DR 2 THDS, TAMFEAEVELY EWELHRHOE DT TIEEEH
Fl o T3 Z ERFAINS, T72bb OHEHRARIZWEEDOF %25 L HTE
TVt W) BEKRTEWEHE WS Z LTk,

fRE FERED TBUC) OBKE LTRLELELINDE, ROD~BD 5 b5 —DER.
D5FhDE QFEI NS QLnZEIML
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RE#S

2 - HEFHEmROF] CEFE)

CCETOHEMCTIRTAMIREFNZRA—HLTELP, IRT E7LICHFNTIEIID2D
ZIAMEICXAIL Tk 5, Thbb, HEHHN T R wEE L Co¥)) % K 2 8ERE (£7-
X, ZBERE) 0%BAL, $200b L THI2HHICIEE T MR ERT L 2E2 5, Hil
21X, 288 e Y 27 4 v 7EF L (two-parameter logistic model) & FEIN 2 b Dk, KA T
kx5,

exp{Da; (6 — b;)}

P(X; =116) = 1+ exp{Da;(6 — by)}

€y

ZOHHE M2, HH OB Gl N ;. WHED) OflABbEIc Lo T, K3 ITRT &
S ICkk A RIEBE R A S OTHE % 0 Ofif RUE s scale) ETRZ 2 X 51chd, TR
N7HHEFEMRCTRINZEHLY DL (HEE2E ). ERoEH Ot cR I NIH
HIZEMOEH XY B L (REEMEL), X oI RE2MYI 2 X5 nthftcREh-HA X
EMOEH XV QZN OB TE TR WEIII MR Z 2R L Twb, 20 X5 ICIHE
DINHEEE R S % IRT EFAh oA E LCER LIEBR iR 230l 2 2 & ©, ZhE



DENGAETHAORBEEOEK E 20 LXK Z LA b, HI/FEDT X M2 RE
EHIKTF T2 ¥ 02MET L ERAEL D TH D,
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ZWE DN A LIHE OWEHE DSk & DL v 5 sE. IRT OB AIC & Y | EIF & s
LT A PDOEEAAEHET REFENDME RS TTKD CEDBTREE B T L2 BT 5,
THERRINCR LD AR~ —Y DM da~4d TH 3, K 4a BLeEICHEREOE - (=18
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DARICERI NG TR R %R LTW5 K 4b 232 & 135310, 7 & b ASHMEICIE & 7z i 5.
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AT E T, L7z o TIEE DR (=fFEEDK) TA WS ZLithkd,

T oz, Bl 2 BT AR 7R & D X 512 B BIKHELL E DS KHE - BETIKHETH B D>
LHxEHW T 25607 2 MickswCid, AN 4c @ X 5 BWED M (5721L5016) 1
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23 ZhllEooo0HEEETL

2.3.1 HHKIG# (IRT)

7 A MR OIE KA L EHE REEEE OFEAKEE . R, T 2 B (CTT) o
R LI NCTERETH - 72, HlzI1F, 100 HiHOTF A BT BFEL 70 £ & v )5
HTHoTh, HLVWEHHI» LMK EINETAPDT70 HEH LWHAP OB INE TR O
70 HCIREBOFENL_IVRERE L, D50k, EEEBFEL 2000HHTH > Th, @
N~ OZREERICE T 5 EEER 20% LK EHL L OZHREERICE T 2 20%TIIE
BRoEHOML S 3RR2, COXHIC, TAMRHTRINIZFENL_AVIZT R E2HET 2
HH K L EELR TR I N ZHAREEE I 7 R b 2520 L 7228 £/ BEA) ITikFT 5,

EE RS (IRT) &, CTT 2MaxC&zzh b oL, HARKGET L (BT,
IRT EFL) L9 —2DffRifi %5 272, IRT EF I, —ADZRER—>DHEH ICEET
LBDIEEMEREZ T A M) v 7 B E LCETALL 2D DTH %, IRT F NI, M
FOY N RITZRENB L L S R EoHBORMEZRITHENEDEENL TS, TR
DFERD S HHIKTE L 2 WEZBRE R L ZREEMICKE L A WEHEBRREH#ET 22 L
BCTES, COLHI % IRT ETLVOWHEICLY, BRAZT7 A M A2ZMLAEZHREL S LOY)
ZRI-RELCHERT 22 EnnfEt kb, 2O, EALRT A MNETHFENEHIKTE 201
T3 7 < REZLTHREED X 5 o, FRNCHEHEMISR 5 X 9107 A P O % fE ICEGET
LTBABELRD S,

T TICHOR T, IRT 3 F TR E % 13 U o BB B 2 IR KT Twv 5, 38
., HATH IRT itk 2 72 MEM2EHE0>25 ), IRT ic X 57 2 MERZHRO—D
CHF 2D S o T&E 7, IRTICK- THEMINTWE 7R Foffile LT, NAEP (4K
¢ )13 : National Assessment of Educational Progress), LSAT (Law School Admission Test)
PISA (Programme for International Student Assessment), TOEFL (Test of English as a Foreign
Language). IGHOLBEEAM B, EHER R AR AFEBREY R CBT L &p3b T o5,

232 2B a Y RTF 4 v IETIL
BREEASHHAETIZ, IRT ETADOMRERTH O BHNCHELY v 2 a2

TA v IETAEGHICH S, 2R Y AT 4 v 7ETMICENT, 0% O>ZRELHEE
JICTEET 2 TP (0)1,

Pj(B) _ eXp[Daj(G - bj)] @)

1+ exp[Daj(H — bj)]



ERINDG, 22T, OB (latent trait) . GEJIFHEL (ability parameter) & %\ 35
BERBREEMEN, 7A P THEL XS & LT3, )1k & Of b2 ORERMES (D
K BB 5 psychological construct) X3 %, BELMANHAEOG G, FHT A b
(achievement test) %> T &b, 0 ZXMEREFRI L L L, 0 O BARMW 7 #EE il
(estimate) # REED 5T A 2T (scale score) EMERZ L 43, 7. BRELISHR
HICEOTHIEL L5 & LT 2SI FBROFITH L, 0 DEFRIKIT-0 < <o0T
HY ZOMEBRKECIZETAPTHEEL LS L LTV EZREDFENBEN & 2R T, b,
O BRB SN2 REZ () D% 500, Hfiiz 100 & LABHAEDR 3T O L &RELLDH
HETE, FICFNRaT7 ey, fEEFETRIHo0EIHVoM 5,

b, \¥IHHjDIHH ¥R (item difficulty) & PRI, JHHEHjOHL 2 %€ T, bﬂﬁf%ﬁ =
—0<bh < THY, ZDMHEPIKREVIZETHENHL W & IR, a; | ZIHHj O I H# R
(item discrimination power) &MEEI, 6 = biffiLic 1 % ZHREDOREEOBENHEDL S
WIS IEB TR DE IS 2 2 2 RSl 1Xa; > 003MOE T 4, Z DIESKE WIE L0 =
b HE D REAE % b D2 DI AFE % WIREICERA T % 2 2 & 2R3, DIZRE KT (scale factor)
CMEENZERMTH Y —RICiF@QRTRbEINDZ B YR T 1 v 7 ik % EH R (normal

ogive curve) Il E ¥ % 729 icD=1.7 (X Y IEfEICIZ, D=1.702) BHVbh 3,

Q)R BT, ZRFLEL O % Rfhic, HEj~D IEEHEEP,0) 2 fithic & 57227 7tk
N5 b A2 TE H gl # (item characteristic curve: ICC) & B33, 6%HBZL. 2HEeY X
T4y 7ETADICC DFEMB LR TE S, 9, 0= bjo & ZIEEMEELD x5 L 0.5
ICBB Db b, Tk, QROELICO =bEIRALZZE EP(0) =05L 755 C LITHE
T2, £/, HH1 LHHE 2 2T 5 L, q0fiz—EiC L7z EEh0EELLE ¢ 5 L ICC
PVATBEIT 5 b b, Ebic, HHE 1 LIHHE 3 2HET 2 & g 0fERKE WIE ) 2
6 = b ED ICC DHE BRIRICR 5 T L 3D h 5,

1

_IE E 1 e -7 e
--I5H2 ,/ //'
---IHAH3 / ,//

S 05 -

o

6: 28 u 2T 4 v 7ETADICC DY
(F) BH 1 <la=1. bi=1. IHH2 Tifa=1. by=-1. JEHH 3 Tltas=05. bs=1Th 3,
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IRT EF7 13, WL D2 DHIHRSGGED Lic®e T AR I T %, FRICEEARTREM T,
JPi7 (local independence) DRGE & 1 XJttE (uni-dimensionality) DIRGE TH %, JFFTH
SVOPGE LI, —ODT A MCEWT, HREMHEO & b ORI E 2 H 5HHEICIEE T 2 HEHRIL
fhDIHHICIEE T 2RO EEXZ T\ e W I RETH 5, MEFRMmIICIZ, 2 ZHE 235
HICIEZET 20 AVICHZERTHE LI L HEKRT L, 1 RO RKEL X, —2D
TAM KT 2HEB E 20 OEMESZHET 2 b0 TchFNiE R bRV I RET
Hb, B 2BBUVAT 4y 7ETADL I, ZRERES 1 X0C 1 ER) O IRT =7
LTI, AT OGE & 1 RICHEDIRGE & 1R Td % (Lord & Novick 1968), EEXITI1E,
ETNEBEHAT A, TAMO 1L RICERETZMO00FETTF 2y 7352 2 083% 0,

TAMD 1R, B4 i ClER T 5 2 & 3T &% %5 (Hattie 1985), X <HWOLNE
He LT, FHEEMO MO HBHREBETY] (IE% - 3% 2 &0 27 — 2 &5 L o HBIHREETHI)
CEB T2 EHME (R [=&REIXTT]DEE KT 28) DR 7 ) —7ry b oHlid 2
TERD B, FlZ X, TAMERPORTDOXS A7) —Tuy b AfGohike 35, MEh
e, B 1EAMEIEHLTWE L EDICHE 2 UTOERMEE L TRBEOEZE LTS
Tebhd, COX) RMEAPHEETE 2L 2, H—0ORSIXILH DT A+ DIEE - BB
BHCE 2 LHWT S, Y%7 A FICEWT IR EDOIE I hTws L it 3, o
DAt BIR e Bk & L Cid, BIHEBE QU HBIHREATI O 1 [EH E D 72 BE IR 2 20%
PIE® B Z &2 Reckase(1979) 1 X Y #EEE X T B,

10

ER{E
B

1234567 8 91011121314151617181920
E¥&E

K 7:22Y)—7av kof
GF) H TRTHS ] IEEEOKRE S DEM D &

2.3.3 THHAERBEE L 7 2 MMEREIR
—fic, FHEMET ZBIC—2D T A POPTEBTEZHAOKIZRO TS, /2%
DT ERKML T, 7 A FDHEHAIRERECHTICL>TEDLEZDT, TAFOFKERELNZ X
AT N EDRELRELEECX 202 %2HE7-01C, TAFDOUIERE 2T+ 2 2 & I3HEE

TH5, CTT TlE. EFEMAIREL (reliability coefficient) % W TEZBEHEEREERITOWTD}
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By - AN AERCOHEREL R 322813 TE 5, 2hicxf L IRT Tk, IRT €571
FEATLZE T, REMHEOIDOKECIGUZEHI L DHERELZ2RTIEELZERTE S, 2D
B2 TE BB HRE % (item information function) & FETX,

P(6)

5O =5 @0,®

3)

LRT LN TED, 22T, BO)VIREEO 2 d oM EHHEJICIEE T 2HETH 2,
Q;(0) =1-PO)R#EEETH S, £z, P/(0)1F 0120 TOP(0)D 1 KB (1 BEHsr)
TH2, 28Ba 274 v 7ETFAEZFHT 355813,

1;(0) = D*afP;(6)Q;(6) (4)
TR TE 2,

B)Ar@X XN Z2HEHAHEREIMETEETH S, 2F 0, TR P EERT 2 KHEE DA
HEREZETCOHEHICE>TNET L, 207X M 2h0FHRE RS, 20k 5 RHEAE
WBIR D HiHF %2 7 2+ EHREIEL (test information function) & FEOX,

~ n ~ n P]’Z(Q)
1©) = Z 1O =) Foe® ®)

KT IENTEL, bbAAL. 2 B RT 4 v 72T AR L 28613 (4) K o Bt
LB,

B8 ic, HiffioX 6 THH L7 3HHEHOHBAHHRBEK ZRT, KMIic, 2D 3HEHLL% S
TA MR L 725607 2 MERBEBEZ RS, K8 % 12 & HE GBI R & HE R
HEPFL VO =bTRAEZ L 5 2o, HHBMN g REVIREHR Y -2 D2 L
b, KMI%ERZ L, 7AMEREIZT A M &K T 2 FEE OHBBHRED FHMANC R - T
VBT B D

12



1
—IgH1

8  IHH T #th#r D fl

(B) EH 1<l ai=1. bi=1. JHH 2 Tl a=1. bs=-1, JEH 3 Tltas=05. bs=1Th 53

15

1(6)

S N

9 : 7 R MMEHERARDH]

G)RD 7 2 MEHRIL, MR EHFEDODIFICE T % Fisher EHELFE—-DbDTHY |
TR N ROMERE L BEGERAD B, 7 A MERELT2 &, KETCHST 5 0 DR
HEMoEHERE (X6 20%) % 1//1(0) TRED A2 LMRTES (K10), Thbb, 72X
MERBIE R AT, T A PBEDFRED REfEE & D S WIERICHIE T & 2 D223 BRI
CbDb, TAMEBEORZTWREML ARREMEZ X0 EECHETE 28O TH Y, 7
A MEWREDO/N T VREEL X REMEORERE MK 28 5 Th b, Plzid. K10 %
Rze, YT A MEZOZBREERICE RN ERE/L ~L % b OZHE o R EfE%
O REME L D IEEICHIECE 2 2 L5 AMN S, 2D X5 AREMT & OBIEREIZ, CTT

TEEONEWERTH Y., CTT Ik 3 2 IRT O—fxi&FlHo—21k > T 3,

13



10 = BEHERE ]
GF) FAFPEHIZ, M8FHLUXKI LFRL
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2.3.4 IRT 2B 2 R DHEETT i

LIEIRRD T A R YT, TAMERZ 2 57 —x (1. IE%., 0: #%) °KRECTZ 3,
BlZ1E, 10 N\OZMENSEH»S 22T A M 2ZRLAZe T 5L, K11ICRT X 74% 1017
S5HDTHIAE O NS (T OBEHEIF, ZREIDPEHJICEE L 2PEE L 22 R L T3,
CDXI7 2 fHOMTHT — 21k, HEKIGT — % % WIZEHHEKIG-S % —~ (item response
pattern) 7z & L WREN S, FEFELAHITHETIZ. nHE2 L% 2T A F Zm ADZRE B ZIR
Lz 20HBAMET =2 %X ={x;:i =12, ,mj=12,,nteidh 5252 Lics 3,

11 0 1 1
1 0 0 1 0
1111
| 100 1\0O__ Xae: ZHREIIFEEAICER
#1110 0
|10 01 0
[ 1 0 0 1 1
1 1110
1 0 0 0 O
1 1 0 1 1
11 : HEMIET — 2 Dl

7APZIRTICXVEMT 21, 7R FOfERE LR NAEBEKGT — %225 IRT €
TUMCEINDIRBAEWE T 20BN D 5, £ OB, THERH L ZHE UL % 1 2 BRgE it
ETL200MEOFERTH 2, Tabb, HHEMEEELRLHEE (marginal maximum
likelihood estimation: MMLE) iIC X > CTHEE L7 d &, B O N -HEMROHEEMEFIH L <%
WE R e B T (maximum likelihood estimation: MLE) 12 X » CTHEET 5 & v ) FE%
Hite, IRT £ 7 VORI OHEEZIEF ICHEMETH 2720 HBEMET 27200HHY 7+ v =
71X, BILOG-MG (Zimowski, Muraki, Mislevy, & Bock 2003) % EasyEstimation (A&7 2009)
ZIFLH L LT, WSOP[FEINTHS,

2.3.5 JHHADHET

JHHABOHEFE ITIZ, X4 ket 2ICH L 2Bk KEH#EEDE (marginal maximum a
posteriori estimation: MMAPE) 2f[fl& 13 Z &A%\, 2 Ok, HHEAOHEEMEIZ MAP
(maximum a posteriori) #EEfEE LTk bz, X bic, HHREEE R L IHH R )R
SRR 2 E L 2 WG OB R OHEEIEIZ, MMLE & A7 3 2 L3 CE 5 AKf0iTI3,
TAMEROHEEKIGT — 226 HEE R BB AHE T 5 JiEicowoli#i$ 2., i
P45 D FEMIC D V> Tl Baker and Kim (2004) 2 H (2005) 235# 127 5,
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WE mMAOZREPNIHEH 2L 557 A P 2R L, M 11 1IR3 X5 REAKET — &
X=lxpi=12-mj=12- n3Gont 35, £k, 2B RAT 4 v 72T ARE
o IRT €7 MIC XY REfHES; % b OZMFIHEICIEE T 2 E1P(0,) THEALNTNS
92, cokE, HARKIGT — 22X 06 05 HEHEII,

P(X|0,w) = 1_[ 1_[ P].(Qi)xijQ].(Qi)l—xij 6)

i=1 j=1

ERED, TIT, 0=(01,05,0,) IZRENERT7 PV TH D, = (0,0, ,wy) IFTHE
BHERZ PATHY, 2 BEuYRT 4 v 22T AEMAT 25810130 = (a,b)TH 5, %
7z Q;(6) =1—-P(0)IFRAEERTH 5, NIIME KIS TH Y iRTICBID 2 HRo) 25Hid
L 7R TS D RGE % IR L T %,

O)R% 0 & wDFKFLEERE L 2 L, ZOFRFFLEREMEZRAICT 2 X5 7%(0,w) 2L
HEE 3 2 0%, AR AHEE D (joint maximum likelihood estimation: JMLE) & MEEN 5,
FRTHHERNIC BT 2 RO HEEM L LT, 7 =203 v I A3 4 X2 2 1o CTHEEMD
MAEDSEB/NELS Y, HEMEPEOMICIEIOWT WL X ) —HTEE (consistent
estimator) 253K ® H 1 % D25 E TH %5, Neyman and Scott (1948) 1. &AL (structural
parameter ; IRT IZ 3B W CIZTHHAAE) 23MFbERHEL (incidental parameter : SZHE AR & [F]
ICHEE 05 & 2 icid, MR (HERE) 3—BHEERIC RO R VW Lk R Lz, 2O XKD
i JMLE i 3ZBE O EHL L COHAMBD —BHCRIC AR wIFEL Ak
B2H 2 (Andersen 1972) 7%, HAETITI IMLE 2z A WL TRy,

Bock and Lieberman (1970) @ il i L HEEE (MMLE) (%, —ZHEERE & L CHE B R #
ET B LA TE S, MMLE Tlid, ZREREICIER 0 72 & O 2 KE L, (6)KX 2 b R4k
R (nuisance parameter; % OHEENC EEEH B O e WRHL) T 2 W& R E M E

(integrate out) /J&:2{t (marginalize) L C{F 5 i 2 AR % o ke (od L BI%0)
clLChnrxiRALT 2HEEBDEEZ KD 5,

xR THZ LI IC, ZRFIPEED» OG22 T A M 2ZRL-L &, ZORIG XK —
VW3 = (X, Xig, 0, Xin) & 7R DWERIL. RFTHOZONGE 2> 5 |

P(x;10;, w) = HPJ'(HL')xUQj(Qi)l_x” %)
j=1

82%{):5" f:f:L‘ w = (wlﬂwZ!"'!wn)ciIEE§ X7 "/‘/VC“A‘)’Déo

16



MMLE T, ZHREEFD 0 ZHER I HgOD)» DT v X ay v I L (BER) Ths e
RKET D, ST, i FELHBR ENTORERD ZEHRT7 PV TH B, RFHETD
R zo, g@lD)EHCT(D R b ZRERBEBINET S L.

Pelo = " P16, )9 (8i1)do; ®

WS RIEAR — v DJEHIARERE» RO NS, BfED0, ZnBRERO@) X2 P(x) L LT
X, BTORIEAZ =y (HARIGT —2) X530 0 BRI,

L= ﬁp(x,.) C))

tEREs, ORXRZEAMKICOCTOREKE LTAaLEE, CNZEELERE (marginal
likelihood function) &MU, Z OREBDIEL AL 755 & & DIHH R ZHEEM & L CRf
ﬁj‘%o

AHEERSICT 2720 1c(O)X 0l (HK) Wz Lk,

m
logl = ZlogP(xi) (10)
i=1

&AL ERA%L (log marginal likelihood function) 233K % H L%, & OEELL R % %
AT 2 2oiciz, 10X EZHEARBICBILT 1 BREO L2R%E 0 LB R R

(likelihood equation) #IHHAHICBAL TRTIZT X v, 2 ey 274 v 7T ARV
St a; &by icBIT 2 LTI,

9 < (©

5 (og 1) = Z | T = n@0l(6: = b)IPilx 0,1d6, = 0 ()
9 - ([
a5, (o) = =0, ). | Ty = n@lIP@ilx, 0 mlds, = 0 (12)

b, TTTPO|x, 00 Ex, 0,125 L Lz 206,ICBT2HENHTH S,

HEMEZ kD 2 7z0icix, (1D Q2) R TRHAINIZLTDj=1,2,...,nicfT 2 2n LD

17



BN GRERE R BERD B, Lo LRSI Rvizo, B RiE{b o Newton-
Raphson ik 7z & OBUEFH R K ICH O K KEFEAA VO 2, BRI, 72 & 213, Brics
T 5 I O o)A & BT 7R o0 A IR 2 BER D R R AT A LR E X B, T2 T
. G%L:*ﬁﬁ%m=1z HY%Z &Y RHEEMD i g(0)0) %L 3 5. REERI M & L TR
WIEBG A 2R 285613, 4= 0 =4 20 e L CHERBICKEAZXY) > Th v, 5
R 7 /516 & L€ Gauss- Hermite KA &2 HWTH X, b, (7EA6),) 130,06
BT LEBg@IDDETHE, oL &, fEnEGATHEADKE (12)RiFZ T h,

Z Z[xij = P(00)](6r — b)) [P (Bplxi, @, )] = 0 (13)
h=1i=1
—q Z z["” — P(0)][P (B ]xi, 0,7)] = 0 (14)
h=1i=1

EEBlTE S, 2. POulx,w0,0) i, (DRXERAI XOFEH LY,

P8, )06 UA(O,)

P(Oylx;, w,T) = — = — (15
" ) z:Z’=1 Hj=1pj(9h’) UQj(Hh’)l YAO,) )
LEXWZ A LBTE S,
Newton-Raphson i1 %3572 (13) 3 & (14) XD 2 KR ERE% T
9* 2
a_af (logl) da,0b; (logL)
H; = 2 2 (16)

0
2b,94, (logl) a—bjz(log L)

THZLIENTE L, T THIREHAjORICET 2, ~v 2ITHIHOHIMTIITH 5, 7272
L, HDOIEXN A 7 v v 7 D175 0 Tid7e <. #%ibd X 5 12 Bock and Lieberman (1970) ®
HEETTEICB W TET A X2n x 2n) D~ v 2{THOHITH 2 KD e T id e o 7o v L 5 #E

3B 5,

K2R % Newton-Raphson i& T < 6. KIEFE O 720 0B HAIL, ¢l HOEH 5
bR Ew, & LT,

18



Wiy = W — Ht_lgt 17)

Ed, TIT, w3V A4 R2n x 1IOHBERRZ P, gld(1DK | Q12)XTcERSI N2V
4 Z2nx 1D 1 KIFERE A~ 27 v, H, 1394 X2nx 2nD~ v €474, H7YZZ 075 TH
%,

Al Ui (L % Fisher D237 Y v 7L CHEC G AR~y 275100 Y IC Fisher Dff
WITH 2 M3 UL L v, Fisher {[HHATHE. ~ v 2T OARHEIC ~ 4 F R DFF5 % D 1F 7247
& LCEHETZ %, Newton-Raphson {55 Fisher D 2 27V v 7ikic 2\ Tlt, Kendall and
Stuart (1979)7x ERSF Ik 5,

BB, TROBA S e, = (o, 50)E LTI, ek 212, 2IERIET -4 DA

Lord et al.(1968) ® heuristic method Tffib i 3

P,
oV = L (18)
fl - P?X
BIOU
o1 (p.
J p.
JjX

PHMATE 5, 2T, p BHARIET — £X5> b3k b HEICBS 2 ER TR T &
i, p; (3THE ICB S 2 HHEEMER, o T ERRMOMBER TS 2,

Z D X 512, Bock and Lieberman (1970) @ JE i A HEE 3 X AN 72 Tk Cld H o 7228, Bl
B P HATIIEENC 13K & BRI AMA 205, Z D720, FHHEEOHE A v — Fom Ly EM
T3 Y X L% Tz Bock and Aitkin (1981) o FiEp A S s T, KEET A P T — %~
®» MMLE OFER 722 d7m bk o7z, EM 73 X 4 0 HERF R . Dempster,
Laird, and Rubin (1977)ICE5 W TR INAEZDIDTH L, TOTAT) X LD b OF|fIx, I
HE% KDL E AT v 7 (expectation step) &. ZOWHMAEZRANT 2 X 5 IHHEHAEK
DIE%FH T2 M A7 v 7 (maximization step) %R HICHEDIRT Z & THEICHRLHETHE %
RKDBZEBTEBHITH S, Bock and Lieberman (1970)» MMLE & Hig$ % &, $hik+ 3
KRR (22) & (23) oficERE r & f ERE LTIRA 2729, 20t TIREL 280
B AR ZMBZTcHEboFETH B,

19



[E x5 v 7]
HEMBEOROME (E 1 BB IZ9E. 2nlBEiEaimlo M 27y 7cko bzl %

5 2. KRG, (h = 1,2, H)IC B\ TR EICHE S 3 M1 A f, & % 0 oM IEA# 3
nh%§+ﬁj—6°
N I ERZCALICN
fﬁ‘;”“m””_ZqumwMMw) (20)

3 = _ N xijL;i(6n)A(6p)
" ; xijp(ehlxi' @0 = ; [ZZI’=1Li(0h’)A(0h’)] @n

TZTy LiBy) = [} Pi(Bp) 5 Qi(6,) ™ TH 5B,
M =5 v 7]

E 279 7 L7 f brp 0l B F 022K & (23) I RA L. SRR 2 Bl
IR, DORBEE 2 il T AR 2T L, Wi 3 A 0BAIRE 27y FICR S,

a D (6n=b)lm— finP(8)] = 0 @2)
h=1
boo =g ) [ fuBO0] = 0 23)
h=1

B, HEE I N-THH A OFEHER 13, HEEDR T L 72 fi T D Fisher OIEHATH DifT
BT 2WNAERZOFEHFRE L TRKOLNG,

Bock and Aitkin (1981)® EM 7 A =V X L Z A w2 EUELHEEE (MMLE with EM
algorithm : MMLE-EM) (%, BILOG-MG (Zimowski, Muraki, Mislevy, & Bock 2003) # (X U ® .
PARSCALE, EasyEstimation (& 2009) 2 & O HHD IRT 94V 7 b v = 7 CHIFIT% %,
F72. 0 OREMDHgO|0) ICIIEREIERN MM ZRKEL T b 2 e 23% v, kb, HARIGET
N DEFEHETE I D Tix, Baker and Kim (2004) 239E# 125 L W,

2.3.6 HEMBHE DD v I Y 4 X D

AEIClE, BREZCOWHEFEMD 7201, HARKOHE DRI v T AHF A4 XL TED
BRERDEL 2 20% Y Ial—vavicko CHERLE, 3. HARRN . EHE KRS L D

20



ICRET — 2B AHEEME EREIC L 5, BRI, PR 21 FELEY ) EEH R E O AR
FRHETERFOLET — 22 b BEAMHE L 27 —21cd LD 2N OEHBN L E
HREEE % Ko 72, 2 OO v 744 X, 100,000 A, 10,000 A, 2,000 A &JEXK 389
IS X BT, RR—=VIC, BT — X I B T 2 HEEM & BAF Rt L 727 — 2 1c BT 2 #EEM
70y b LCHERL 2REERT 2 (K12), FRz@EVEE23 1 oRER Licyey bEh
TV AHA A S AAVTHER 2 ) T AREL T B 2 L 2B T 5,

2R e Y RT 4y 7T AERRAL GG, HHREEICBEL T, v 74 4 X8

2,000 ATHIIFEHET — 2 OHEMEZEILTE T2, HEFENICEAL Tiddiad e d 1
TARRERBER LD NSO L TETE 3, EARREE R &ICio < B A RIS
FHEBETIEH 20, 2DV Ial—a VEERDLHM L T, REZ(OTHAEDEED Y v
TAHARXE L TEA%R L LD 10,000 AFREZHERT L L REELWTH S ),
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TH H TE H IR

+ v 7 r¥ 4 X 100,000 P I P4 X 100,000

3 5
& 25 :
g 5 i
- £ ) ’
By ®
Bis . < 1 .
3 ’ E ”
il B
s / o " -2
o T i
0 -
0 0.5 1 15 2 25 3 4
H21 2PLA 37— X851 Hol 9PLA s nEEE

B v It 4 X 110,000 F v T4 X 110,000

3 b
4
8~ 3
z T
% 2 E 2 ™
< . H ]
IS ) = !
~ 15 l. E ’
g . / 5 ” ]
b ' Y ~3
0 4
0 0.5 1 15 2 25 3 "
H21 2PLE B F— S RHl Hel 2PLE S 5 - A HEE
F T F A4 X 2,000 P ITP A4 X 2,000
3 5
4
28
£ 2 ﬁ 2 .
é o.l § . :
§ S o
5 1 o =° 2 Jz :
; o 0
T 05 f 5 - -
e = b
0 4
0 0.5 1 15 2 25 3

H1 0PLE 37— #H3 H212PLEH 7 2 [HsHE

X 12 : HEBEHEE DO Y v T 4 XD 5%
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2.3.7 ZREBHLDHEE

IRT 347 7 b v = 7 CTH % BILOG-MG % EasyEstimation 7z & Cl, SZi# B O #EE %
& LT, mAHMEERE (maximum likelihood estimation: MLE), & K¥#% (maximum a posteriori:
MAP) #EE ., HIFFF# (expected a posteriori: EAP) HEEER D = o Mkd T3 2 L 28%
v, REITIR, HEARDG TGO L 2 ICRREFR e RIIEIC L > THEET 5 Fhc k. AR
(2011)IC L7228 > CTHER S 5,

ZREIPNEHAD» OB DT A MR L7ZL &, ZORIGSNE — V3% = (X1, Xigy > Xin) & 72
LHERIL, JRFTHNL ORE D 6 |

L@lo) = | [ Boomig;@0 )
j=1

LRED, T, BO)IIREMES b OXRFIVHHJICIEET 2HRTH Y, 2R IR
T4y 7ETAERMALEZE ZICEQ)RTRIND, £/, Q;(0) =1-P(0)IFAETERETH
2, CHROHLDON A & > THhRAMEEZ & 20,3 L A2VDT, FHEHEESICTE-0IC
CHRXomdo (BR) Wz &,

logL (xi10) = ) [x;y1og P,(8) + (1 — x;) 1og 0;(0))] 25)
=1

&EXEEERAEL (log-likelihood function) 23FHCT& %5, & OXELEREBE RKILT 2 72D
F. 25)RX%eIcBILT 1 BRMOLERE 0 L0 ABRRZ0,1cB L TRTIEL v,
(25) D 1 K ARG

n

dlogL(x;|6;) 0

8, 6_91-.2[’%; log P;(8;) + (1 = xi;) 10g Q;(6,)]
=

_ xi; 0P (6) C 1—x;; 0Q;(0;)
QVAVACHRT) +Z Q;6) 08, (26)
j=1 Jj=1
it 2, QORKDOP ) 2 BHm Y 2T 4 v 7T A THIIR,
P (6,
égi ) = Da;P;(6,)Q;(6) (27)
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L 1T RIREBEEDEETE S, 00X ) IR ORI EENICEEIN-ETRBITE
2L IRTETAELTCEYZRT 4y 7B EAV3HED—D2TH 3B,

Egic, CDH%E 0 &R, IR L 72 2 2D ICITIICIIMEC 2 &2
TER\V, IV a—2a RO THEMICHE 2 & BE T, Z DFRIC Newton-Raphson 7
% Fisher D227V v 7 & ot EE» X KA X 5, Newton-Raphson iETiE, K
R EZR VIR L Co,0MEMEZFHE T 5, ¢+ 1BIH O RKIEFHEICH T 2 HHATL,

9% log L(xi|ei)]‘1 [auxi 16,) 28)

0,., = ], - |5 3

t

ThHEzbNnN5, MIAEE LT3, nBHP2 LR 3T A MCEWTRZREIOIEEREHZXE T3
LE. (6] =logX/(n—-X)] T B L L (og WHANED, 2 R Y AT 4 v 7 ET V%
MRS 256, (25) X0 2 ZAREREEIL.

92loglL (x,16) N\
e =), DMaiB000,0) 29)

j=1
k%, Fisherdxa 7V v 7ikcid, (29) Xofb v i Fisher DIEHREIE A (28) X A5

2 THIC Y Tl D CTIIERIHE S %, Fisher HHREEUL. Q)X DMAFHEIC~ 4 F ROfF 52 2T 7=
bDTH5, % D7 Newton-Raphson % & Fisher D227 ) v 7EOFEFHANT—ET 3,

SRR B O I CHEE E O WA e e 1k, (B) Ko7 2 MEHEZ v,
1
SEq, = [1(6)] 2 (30)

DEBRADLLEIETE 2, 2B 2T 4 v 72T LDEAEIR,

1
SEq, = [Dzajzpj(91')Qj(9i)]_E (31)

L5, o, TANOHHEnGKES 22138, ZRENRORAMEMIZBEDOEDOR
JEEICED &, Z 0BOEHEFEDS 30) N fEICiEo <, T OWREHEE L, A 20 Uk
DGEICEMNZERTHHARETH 2 Z L B b T3,
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BILOG-MG 7% &' Clit, ZRERE DR AHEEMZ KD 2 DI Fisher DR a7 Y v 7 E R
HEnTwa, 7740 FORETIE, FANICA~Y F 7 7 A VICERIE L 72 KIEFIE O A fE I
ET L0, 2TD0; (=12, miIcBCtlH &t + 1A HDOKEICE T 2 HEEfHD A 0.01
Kiic o7z & FICKIEFERIKT T2 X9 Ch>Twd, HEEMEEZFIAT 2B, Bh%
S RTHEEMAMEAR IR L 2bDCTH 2 2 L2 AT IXLEND 5,

RAHEEFE L, RGN Z — v IC X o TRHEEMEAIUR L W56 23H 5, Tz, ZBE1 4
MIEfED 2 I A EROS &1 2 OZRE OHEEMEZ KD 2 LB TE R\, ZRITHL,
MAP #EiE ik & EAP #EEE TR, HRIDMOREIC LY, LD XS UG Z — v TH XIS
ZHEEMERD B LN TES, ZOMTIE, MAP #EEkE EAP #EEE DI ) DRHEE %
LVENTHE XS ICHhR 2, LA L, AHEEMBIRE TR T 201k, UG~ x—vizl
S DT T REFENGIN TV EAREELRH 5 L b FE X b b, MAP HEELSL EAP
HEFEZH L, 20X AMES MBI ST L E 5 BRI IRGETE v, REZLOT
AT, BHEELEORFT L FTZRAENICER L, £/ PISAFD Y 7 A% — L 3R ) &5y
Mo »2EEOHABAHRINTE I b, —BIEOBE LB E 2 <. ZRERK
DHELE L TRAMEEEEAAT 2L & L,

2.4 HERfE

— RIS EIREORHREFIAT 5 L o, EXMEOREMHICHEHT 2020, 2l b EHIH
ARICHEHT 2020 IZEECH L, WEALED L H VLY ~DOFHliLEEHFE2 HI 7
SHIZEDBHME NS D DD, fTEL ~NV TR & % D% DO H SR ISR 2=, FRFRE
REDVDIE 7 vl TcoFRICIBREOENKEESMEL b, cnE T, KPrEICE
WX, ZOMEDBHMBEICKBEN T Wi o720l T L~ a0 Ei) 24
FRBLZEFKESAE R I N TV b TRV,

AHITIE, SO &5 REICH LT, 3 CIK EERI & I IC B\ TRE OB 01 & HEE
FTEBICHIHE T 3 HEESE (plausible value : PV’s) ic oW T otz ika s, 72770, #
FECBIL TRIBIC K 2 £ & F o kA R 720, Wu (2000) 2 EL LTHEL Ladb,
HEMEDOMLENY: - T - FIHFEICOWTCEHAT 5, £/, 2.44 &i<Tlt. von Davier, Gonzalez,
and Mislevy (2009)I1c % & D EHERELFIHT 5 2 L OFAMEZHFRT 5,
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2.4.1 HEBEME O HEM

HERAE X, K2 hi# (National Assessment of Educational Progress: NAEP) 1983-84

(Beaton, 1987) O F — X %43W1d 5729, %ER A (multiple imputation) (CB49 % Rubin
DOWFFEICED &, Mislevy, Sheehan, Beaton, Johnson IZ X » CTHRWYICHIFE 7=, NAEP
BRANEOEAZRIR L CURE, B2 MR E L-HEORE ICHRME LT 5 2 L 23 HELE
INTE A, fEHfEHIZ. #D%D NAEP & TIMSS (Trends in International Mathematics and
Science Study) THFH I NTH Y, HE TIZ PISA (Programme for International Student
Assessment) % PIACC (Programme for the International Assessment of Adult Competencies) T
bAHINBICE STV S,

FA(2006)1c X #LiX, NAEP o HiiZ, % o BEAFEORNHEEMEZ R LT 2 2 & Cldk
L RoREAERE (BEN) 0o, 2 A NfliRLicX 2 TrEM om0tz T
EL7ZIEMICHEST 2 2L TH B, HlziF, &2 AFECRIE, 72 13 FE O Hs o B i fH 2
T2 MUER OB OB E I o T30, REXRFS DA NAEP © HIYT
H5,

—7. PISA 7z L O EHEEH 2 IFAETIE, 7R P0G (FFA V) KEET 2 b ofitiEs
fIHE R CTWE, ~ANDOZREPRET 2MToHIciZ7 72 % — (cluster) & FETH 5 IHHBE
250 ZoFohOEBHUL, X NORNHEELZHINE 327 A b &R TE S 010 70\,
HAKIICIZ, =2 FohodH 2 7 7 22— 3R¥ENY 77> —IcBT 2HER, Blor 5
AX—ITIIEEN Y 77 v — BT 2EARE, S50 7R —ICIZEMERERR &G
TN ENTND 7 FTAX— I 5 HHBE» O I N TS, 20720 f4 NDREN %7 7
A X —5 IHHRE CIEMICHEE T 2 Z L ICIRALH 2, ZOFER. 2 26 KD b 5 LM
FTROREEIC D BN S ., D XD REE~DRRE L 7 2 —D DA~ A XiREF OB
oz HEREECTH 5,

HERAE L, 2B PRE T 2 HEED KN A 2 WG T BHIDBESI 404 D 73 Bl % 1E Tk
KHEECTE 2 & EDIC, BB D N— v XA LD EHEICHEECTE 2, 2 W 2., H DHES1HE
P FoREAFEOEHEGD X1, —EOHAU LoZHEOE G L FHlT 2 b HERHEIX
HEREH R T,

2.4.2 HEHEMEOER

H L IRT €7 Cld, ZIRE QUGS 2 — v L IHH RO HEEE % W CZARE D RESI BHK
0 ZHET 2, CoLE, LEBERORKNEZG A5 0 ZH#CHLE T 256 3 RALHEEM
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(MLE), &N MORNEEZE 2% 0 ZHEMEE T 285613 MAP HEEMH, FRom OB
x5 2% 0 ZHEEME 325013 EAP HEEMPHSON S, LI L, ZB#EICE T S HE
BHE 0 DRI O DEMEREAZHESM L v 9o K 13 1S, RAMEEE. MAP HEE fE, EAP
fEEME, HREOBEM 2R, 2bk, FROMIEGIENRIC 2t MAP H#EEH & EAP H
MR 2 EZ —MITRT,

- EERBH
mAE . or = il =¥ il
=% YKl

HATHE

Ori 8 Oriap 8 0z 8 0rv
LI TEfE or MAPHETE E EAPHETE fE HHE

13 : mAMEEM, MAP i EME, EAP #EEfE, #EREMO&M

B it D 720, ZRFEOEHE MG S &2 — v & x, BB E 0. LEBEE%Zf(x|0) &+
2, 50T, BB 0 2_AXMET 2720, ZOHEFHM & LB IZIEHS 6
gO~N(u, o) ET 2, ZDL &, FHEBRHMAO|x)IE.

f(x16)g(6)

hO) = 17 x10) g () a8

x f(x|8)g(6) (32)

LERINE, 2F V., HEZMEOHEARIG X —vBxThHhNIE, ZOZRE DN 0 ©
FHOMITG2)HRTHEZLNE, 2D(32)RX o DEMEAEANIEH G NZ — Vi b 2%R
FOWEETH 5,

B326b0h5 L5, HEMEZ, 04 DRNEEMD —DDF v TAEFEZ BT LHRT
X2, 72720, HRMEICIIhoMEME 2 R 2WE2H 0 . 2 AUIHEEME S RIERIY Tl 7x
(L HERNITH D L) 2L TH D, HFEMIZ, FROMP»OOBMIERMERTSH 2720, il D
BERIEZREOLD O LWHEEME L 34T LD bRV, ZNNZRE OREHEEME T
T, ZNICHEET 2 HEDORHEDL IOV TOEMD G A TING, CO/MABY IaL—
a VIR LI LOE, HRMEIC X o TREIDRET) 53 DI ELe ¥ — & v 2 4 V% IEMEICHE
ECEL2OOEBELGZ 5L ShTwo, ok, FERSMAOx) D O DAL, 3
v 7Y v (rejection sampling) (M 1995) AR %2HHT L LB TE S,
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2.4.3 HEFEMEO I

RN OB EEZMY WA, —20ike LTid, filx NoREJMEEZHEE L., 21
FEEHCCTEROTE, 08, N—k vV ZANBEREHE T BEZLNE, ZHRE DRE
TEARAMEMD LA, 4 NDOBEIMEDFL, BEN R ORFEE O RREHEEMTH 5 2 &
BREINTWE, Lo L, flx NDBEHEDIIEIC DT, RESI 0 DR BUE B KEHE L <
LEo., /7. ZREDOHENED EAP HEEHOSE. £ OO W TIRREN A DR O
MEHEEETH 5 D DD, 3EUC D W TR EUE /NGB L CLE 5 S eARI N T2, i
KHEENE & EAP HEEHD ZNZENICHB VT, ZMFB AL LT 0B EEOMR Y (21 2 7%
Wb DD, HEEHLEIETEHEEEOR Y 1NE D,

HEFME I SZRE ICB T NI 0 DFERSH»O0 1 HOMERERTH L, T,
%2 Ao 1 M OEMERIER % 0 7204013, Z DEM DN DR OHEER R 25 2 %, WicE 2
L 2 NOHEREDO ML, Z DEMDBESI 10 h b DIEAERER L B2 Z LR TE S, Zh
3. JERICEEAREZ T TH Y, HEREIC X > TENMEREO MR EHEEZE SN S 2 & DRI
o T, FERRICE, 2 U LoREMEEZFIH L CERREEZH#ET 2 b 00, WREH
WO 2 A Hfgbnd 7z o7 1 flofREELZ V2720 b (OBUCBET 2) NMrittE (% 5
22 ENTEL, Tt RAHEEMS EAP #EEM AW CERMRIREZEH T3 L. Hio
HEEMICRO BZELTLE S 2 & ERBTH 2,

KE =R+ 7 VT hRECETZERLLTO¥IFHE. PISA £ TIMSS, PIAAC 7z &
[EFREY 72 27 A I v T, Little and Rubin (2002) D% &#E{X A (multiple imputation) I
B HEEESERER I VW 5 LT B, Little and Rubin (2002) Cli, — A REAEFEICH L
T 5 DOHERMEEER L, Zhb %o CTENICE T 220 8UR & Ot iitE 2 f#E 4
L ERMEREL D, ZOBOHEEEE LTI,

[PV-R] BALD® 3#tat @z fERMEOM I L ICEHRE L, 2h o OffEHEZ FET 2,
[PV-W] #2ZB&FoHFEMEEZ AL, 1 HOFIEEZ TN CBELDH 2GR ZFHT 2,

D2ODFRGTENIEZLLND,

Lo Lads, EMEOERELEE 22 &, RO L L CIIATH DR TIENIEL <
("R”1¥ Right), %FDOFREGEFEY TH 5 ("Wt Wrong), Z D728, ROFHEE%
bZ5e LT, [PV-W]D L) Ic&EZRFOMEMEZTFHL TiIviFhv, M 13 25bbn 2

Loic, #ERREOHRMZ T2 2 Lk, RMHCIC EAPHEEMZFIRL T3 2 L LFL
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THb, TTICHhR7= L 30, EAP HEENEIC X 2 4B E 8 1 E AR HEEME IS 72 & 2\ T, [PV-
WD EHERHS2ICHY TH B,

KO HERAEIC X o THEE L 2B0 0 & 2 Hiat B ool (BRI RO HEE OFRENT) 13,
TN L B B~ D B o o & 5 i,

1,
+ Ez V(Mpy,) (33)

L

v —(1+1)
IMP — K

1 _
—— (Mpy, — )
K-1

i

r#£xNn5% (Little & Rubin 2002), & T, Mpy, i2i(1,2, -+, K)MH OHEREE v TR L %
EHIEHR, Mpy 132 TOMICH o TR S N2 EEHGEH R O TIIE, V(Mpy,) 1 Mpy, DFEFESY
BoOWERTH L, 3)ROIEDFEHBEREIFE ICHY T 5,

A TR~ 72 X 5 1c, NAEP 23MUAEDE A% Flla L CUUBE, BHZ MR L L 7ZflE oW
(HERANRCES OMRMEFIHT 2 2 L HERINTE A, LA L, S 2 THEHATNEIE,
il % DHEBAE X 7 DI DRENEDOHETEICOWTIEAME R D TH Y, 22D X5 =i
ZHHWE LZ2bDThRVWE WS e ThHD, HERMIL. BEIIME 0 DFEIH D OMIELEE
KD T, MUBRHAX—v DO ED AN LTH, FERE LTRA 2 NS
WEINTLE I, ZIhde, ANOZMEPLPHEELZT 22 L IEEETH Y, Hatiicid
A 7 T (HEANICRZANLN B FETIE RV, L2 > T, s ADRENHEEE L LT
X, ChE ol b RCHEEE, EAP H#EEfH, MAP #EEED X 5 R#EEMO AT w5, %
DOEWRT, ML, H< T EMBEROMECHHEECTHEHINIREETHY, Th
CEOSWTARN MG Z2To720, AT —2ICBT 2 - RNASE2{To=0 T 2K0H
M7y —nrThdLEoThH I,

ZoBEMEFlo—> L LT, #HEMHEIE, AR OSE RSN RERICE T 28N MDD N— 2 v X
ANFEEHEEMHL O SIEHEICHECE 22 2T oNd, flziX, 4TEHE» OHEINDE T2
FBHNIE, ZREDOHLIZO0. 1. 2, 3, 4H0WTNATHE, IR e Y AT 4 v 7E
Fu (=N PEABCRIU $IRE L =TT L) 28T 354, Hi5HIC2 % —D> Dk
THEEMEAIGT 2 DT, [ 14 © X5 HEENEHEL 0 oFEDA1EFON D5, Kok (6)
A > TN C W 2 SR KENE, EAP#EEMAZRL T3,

WEL BENED-1 KO Z R OBIAICHIK)H 5 L T 5, EAP HEEEOLA. -1 Riio %
BMEOHIEGIE., 0% & o ZMEOHIEGICE L v, EE. EAP #EEMIIFEEWCH 5720, 0
Me 1RO EARFEIRICOVTHRILEESHBONTLE 5, ZRITH L, FL0Hm O il
MCHE N1 KO EZ A% L, FEAMMTERNTH Y, TXTCOBRA»LOHLGLH
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52 hbh 5, R, FRMH 0 DMIELIEAL DT, HRROFRIMILDHFG %
EAP HEEME X 0 D IEL A kX &, BEN DS —R v XA AD X 0 IEfEARHEE ITER T % 2
ERTE S,

/ 24:\\
1 nn : 3 nmn
N
OII\\ \ : E : E E / 4“\\
‘ [ VL AN .
3 -2 -1 0 1 2 3
0

14 : #5 R 0FEHH & EAP HEEE
(#) Wu,2004,Figure % Hitifb L =K</ 3

2.4.4 HEFLMEZ 20

von Davier et al. (2009) i, "What are plausible values and why are they useful?” & \» 3 §iisC D

Ho, KB E IC B CHEREAFIH S a2 vEa, 2 VRIELIAIE A AvEEIcED
L5 REVEDRLEL 20 20IR L T b, Al IIEGRCICES OO, Z 2 THEINT VWD Y
Talb—ya ViR, o, BHHEROFEICHEMEZ v 2 FH & 2 DEFRICOWTIELT
DESICBHCTELITHL I,
1) von Davieretal. (2009)Ick 33 I 2L —3 a vO#ifHTlE, NREMDEESH5FE D
BXOEHEREEZZHE T 256, BEMHICD o & IR WHEEEAE O 2 77513, HEREAIE L
CHIHEINTZETH o7z, DI, BRI D A=V 2 A NMEZR S o L D IETEICHEE TE
20b, RRYVHEFMEITELCHMHAS WSS ([PV-R]) Thotk, &ic (BZWHEDH
%3 2) HAEY 8HH VWA, ZoHmizHECH - 7,

2) —J7. HBH 16 HH., 24 HH ¥z 5 icon <, 4 NDOREHEE D b EMDRES)
AR R ERIEE § 2 Tk e REMEZ M CTHEET 2 7k e DRI S K AR H 5 2 &

by lalb—va VR, OFmANN D TR 23 1T L Vb D, il 4 A D IEE % 6E
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HZMETE 212 DLHOIHHZHMCE 25813, BHOEN I MEZHEICLT L
Bl 2 BEI W ATRETED B 5. BT DREFEZALO TR TS 72 » OIHHE
20MEH L v EE AT, MY B DR THHROL iR LHEMEH V2 2 & & LT,

3) LoaLanis, fle NOREN D RHEEM L EAP #EME % v CHEM DR 430 % HEE
LT, BEHERRE (7213080 ICow T MRIEEMIC AR S a2y Tar—vavic
XoTRINTWD, Tz, BRELMOIHAEOE S, AEHREIHEHO T D% 0 NITk
bz 2REWNBERICHET 2 ERRED =0 I NS, fil 2 1F, RHER O dhcHHE fic
FiES 2 REEFOHAGZHETET 2HE. DT 1%P 2%DHEHROENZITTH->ThH
FERE LTS O RBEAERPEROUBEIZDboTLEIZ b DD, TNbEERT S
&L REZLO A D X 5 ICEFHIFETRLHE A OHEE ICBI 0 B 2 7 A MICERL T,
FERIIC I HERMEE R L 28 X v e i E n g,

L E oz, REW 22 HECE GRS L LT, il 2 FRERF AN R8N0 50
T7a—FERBDBICIE, ZEALEALND L id o7z, L L, EERIC S HEFED
FIHAPEHEL o TWnB 22 I D 220, X0 b T, v 7 uinilldir bEAEOBAIER
CET 2R ER 2 IC X, HEEEIE, 5%, KB T — 2 B L CRBE e R 500/ v~y
D—DTH 5,

2.5 ZWENBHEEMIC X 2 EHGEHE O

T EEMEAFHE I 4 oZE R o #EE M %2 EEH W CERNEHE (P,
BN B L 256, COBREDOAL T2 (RY) 234U, F7-8h s #EEOR e
flHicED X5 RtHBEBEBR Y ER R D 200 % I 2L —Y 3 VCOHERT 3,

251 vyIav—va VT

Pial—vavOFREIRTRHRIRRT LBV THS, ABZDY Ial—2aVyTlEBEVIR
LFEEICE 2EROREEOTMIIITo T B L 0RO LDINEE 72 5,

DO 28uYZAT4 v 7ETFAREDOETALE LT, 20JHH, n = 1000 ADEHKIET — &
B I E &2 B,

@ ZoBE a7 A% (HHMN) 3FH2-0.2, SDUFHER) 2 0.2 TH 2 XM 5
LY. bo¥Z 2% (HHEEE) (IFHEERS L VEBERESECHRET %,

@ 7z, HoZMERE 01X M08, 0.8) 0 bRESE S,
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EHHAHEOIBER & U CRPECHAE S 272 H 0 ZF|H L . EasyEstimation % fi\», MLE, EAP,
MAP. PV (PV-R: PV%(=5#fH) . POPIic kY,

0 DHEEM (b L < IXRERKGEHE) %

APE L7z, MLE 32MIEE. 2fEEORIG X - Vv E R L EZBREICHT 3
EasyEstimation i€ X 2ffiiE23® 5, ¥ 72, POP & | EasyEstimation ®—2 D% 7> a2 V5
ETHYH, TNPIETE TN S L EasyEstimation |3 Mislevy & Bock (1982)iC X 2 & 7ERFM:E
D34 HEE " estimation of the latent distribution” % #7392, ZhiFFohizT 21 0%
IS0 % WIS B RINICHEE § 2 5k CH 5.

252 vial—v g ViER

HEEJ57E Z & (MLE, EAP, MAP)Ic, 1,000 ADF¥fE, fZiHifFz (POP o0&, #EE &
N BIEREE D A 2> O IEIERHE) 2R L7200 % 1 &%, £ho TRUE L, [Hik] ©
FEX 2 0 DEOEEFAWIZGAORBETH Y . ZMER(=1000) 3 FHRTH 5 2 &2 KL
T, R (=0.8) & #H57ER(=0.82) D & 13—3 L 72> PV (PV-R)ICD W Tix, 5 20 PV Ol
TR E AR L T 2 0 5 DOEO PR EHINICE 572 b D TH B ,EAP,
MAP, PV DWW Tid, Himofie L CEEMEESME MO, 1) & L7z,

#£ 1 HEESEDT L 0EMFHEDE:

TRUE
MLE EAP MAP PV POP
N0.8, 0.8?)
Mean 0.829 0.873 0.722 0.694 0.719 0.831
SD 0.809 0.929 0.722 0.698 0.817 0.797

ZRE B DHEEEDE N L o TUT D XD R H 5 2 L 25 TE 5,

A)
B)
®)

D)

E)

EQN

TRUE (%, f%EE7 D TI2IE N(0.8,0.8) &E D,

MLE 1z, ‘FHERPCREZ WV, £ SDICOWTIEREL A>T 5,

EAP, MAP %, “FEfHFHT 40 DF359(0.0)1c 5 ¥ FF€ 54, SD biff/hL T 0.8 X
DINE L 7%, ZOHRITHME/NETE (shrinkage estimation) & L CHIS L%, MAP @
FBZ DRGERKE

PV & PHMEITFHAT A O F(0.0) 15 2 FE oz, —Ji, SDIHE LRV, Th
BPVERHwEZ XYy tO—DLIN5,

POP %, 13!3 TRUE & [A LfHICZR > T 3,

E®0®@£%ﬁi%m%ﬁéﬁ%@®%£ﬁuT@ﬁbf@éohmz@—@ff%

&N % RMSE T3 EAP 23/ & 75—, 1/n%(0; — 6,)CiEfE & 15 BIAS Tix MLE 235/
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Lo TWbZ Libd b,

£ 2:HD O Offi & FHEEERN O 2E

MLE EAP MAP PV1 pPV2 PV3 pPVv4 PV5
RMSE 0.456 0.393 0.402 0.538 0.563 0.549 0.535 0.544
BIAS 0.044 -0.107 -0.135 -0.106 -0.111 -0.115 -0.109 -0.107

T HICHED 0 Offis X WEHEEEOHEEMB O HBIRE L B IX Iz 2 h 2 1k 3, X 15 1T
THEY TH 5, RO R & 25 MLE, EAP, MAP 0131313 ——X SR H %
EDBIETE D, Lo LEMIEE 2 I 2MRE DO KIC XX — IO W T O DE > D Kk
IN/-AER. MLE & EAP, MAP ORICIZCH#R 2BAR 2 R 6545 —77 T, EAP & MAP
DN X ERR R BIRAEED b 5,

R 30 WA RHSCHEE ] O AHBE R I AT

TRUE. MLE EAP MAP PV1
TRUE. 1.0000 0.8725 0.8840 0.8841 0.7888
MLE 0.8725 1.0000 0.9908 0.9902 0.8753
EAP 0.8840 0.9908 1.0000 1.0000 0.8824
MAP 0.8841 0.9902 1.0000 1.0000 0.8823
PV1 0.7888 0.8753 0.8824 0.8823 1.0000
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TRUE.

-1 123 -10 1 2 1123

15 @ AR B O HEE B O B X
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2.6 REHIKD - DREEA

261 Ra7EHEET 3 &

BEINLHHOMENRL S 20 (b LAEZNUE) o072 MEE (F42EF2a7) ik, %
DELCTRIMACHKEZT 2B TER VG, ZRREDFNBE—-THo72e LTH, HELWIH
R CHEINAZT AP TRZOT A MFRIHMES 2D, HLVWHABR TR I W7 2 b T
F7 A MERREL RS, HHOWHESEFEL WT R P ThHoTh, ¥HNBEZRE LR 32
BL727 A P OFPIFRIEE 72 0 L FHMECZRE LIS W TP MK R S, 2 2
T, ZDXHI7% 2 20T A MR ZHIKAREICT 2720 DFH T 8 46H & 7%, Holland &
Dorans (2006) Tl Z DFH X ML CTY v F v 2 (linking) EFES, X HICZDHPT
FoMWEIC XY, “predicting”, ”scale aligning”, “testequating”® 3 DD P E KT T3
(K 16).

Linking

XtoY
Predicting Scale Aligning Test Equating
Y from X XandY XtoY

Interchangeable

Best Comparable

Scores

Prediction

SCores

16 : V) v F v 7O i HE
(%) Holland & Dorans(2006) X v 51 H

Z 2 Cpredicting (FHll) "¢ i3, AMEY TAMEE X 20T X MEAEY 2Pl 2%
BHEo) vx v s Thb, X b Y OO AEER S TIENHM: (asymmetry) | 2R TH Y |
BRI AEABROGR DO AFROBEE THlT 285875 E03% 1 b5, “predicting”
TlE, 22007 A MEAM TR E 7 Tl (best prediction)”" 23T & 220 & ) 223 & 72 5,

“scale aligning (REFHEL) ” (7213, scaling) Tld. 7A M XDE/HET XY OES%ZHH
BB 8ichd, 7AF X D60 fIZ7TAFY D40 sUCHE L, 7A Y @ 50 £

35



BT AL XDT5 [GICHYET S, &) X RBRSTEZTIOTH S, CHIEFFVIRANI,
FAFXETFALY ZHERE (commonscale) " ETHRILL T3 &b F 2 %, scalealigning
TIE 2207 A MR “HEKAAEZ: (comparable) "7ZBIfRTH 5., X 51T scale aligning I,
2207 APTHIEL LS L LT aNE (BEBER) BRL2LE 52, 2007 X b of5HElk
DELWHE I ick b, “calibration (BXIE) ”. “concordance (WG ) " E&Ex 65
TP IS Th H 5,

“test equating (7 & FE{L) "Tld, 2 0D T A MM EAMHAICHENHE (interchangeable) ”
BB E S L T2, MHAICRHIAATRE R BIRICOWTRD X 5 il E 2 TH 5, HlZ X, /N
6 FERMTOREDOT AL 4 SFEMT DT A P #HAICEKRO T T2, 20L& %,
INERL 6 AEERNT T A b D 40 miAS 4 BRI T R P TIE 70 SUSHIET 5 & v S R L 0
72 LTh, EFRICAFERMTT AL TT0 mizfer 4 FAERED, 6 FERMT TR F2ZRL
7L EICA ME/LILBTEE DT TiRAV, HEICRHEEFNEORE - RIBER LK E
CBMRT 225, 2hlUhicd, a) HIENS (BRE) M7 2 PHEC®AR 2 2L, b) 644
F 7 2 M 4 FAERT o (L) BEEE R W2 FHEEMKT 5. ke ET 5
BHoTHDS, TDXD KRBT, HAICKHATRE LR Tl R nwe I Nd, 20D7 R MaH
ML ATHE R IRRECTH 2 720121, 2 DD T R F BT T 2 WS FH—<H v, 2
O E DWELAFL Ve W RUABIE L %5, £7. Doransetal.(2000)2374 F 74 v &
LTEeoREIIT,

a. WIERR L 72 2 RS 23 F—TdH % Z & (the equal construct requirement)
b. EHEEREL W L (the equal reliability requirement)
c. XFMEDMRZZI T3 Z & (the symmetry requirement)
d L0072 M2 TCHHEETH S L (the equity requirement)
e. RHEMAZTH2 L (population invariance requirement)
D5 ODFMNET T THAEOREFLLMEEGEHELH 2,

2.6.2 wESFL L EEREL

B, FHOMWECFZERB B L T2 2 RE2 b Lo 37k e LT3 TEREREL] 2
Hb, ZOFED, HERIZNEEICEH LT [EEZ( (vertical equating) ] & LTHMHINT
T 722, “MHHEICRIAEE" 2> & 9 2>, % 72 Dorans et al.(2000) ® 5 5t % i 72 & 7 WEE O # 5 2
b [HEERE(L (vertical scaling) ] & L T, Scale Aligning ® T3 4HD 1 DIc X k)
K> Twd, COFHEDOMRL LTRFEEMETICONT, HIENRE LT [#5] 0F
ZAL & Rl — DO RE TR T E 5 2 3 = OEBDFEFEE £ 72 < 1 ROTRED Z YR ICHED
HT 32t TdH3 (Kolen & Brennan 2014),
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Z D X 51T Test Equating I%. Linking @ 3 2D MO CiDIBWEHIRZ LEE T2 B
DTHb, TDT 7 =ANLK— b Tl Test Equating % [Z{b] LIFRZ L & T 5,

2.6.3 IRT iIcB1F 5%k

Fa (FSICEAZHIFTICESERS 18, #%AL 0 HET2) X372 F0%LLTH
XL LT3, HH T R FEFHOSHAD T, BB LERE S — v v X [ VELER EB L
CHwONTE Gl 1994), LA L, IRTICX 37 & Mot as s 3 ic b, Fb o i
2 IRT oA DT THITARDbNS XS iCk>TE (FIA 2011),

IRT oA H T 2 LTk, FLEIT) 2 DDOT A MOV TENS RS 0t
WORBEL 5, HE, ZNHF 22007 R P 2FEKHCZET 2 [HlZHE ]| . 22007 X
MoaEicEE N [HHHHE ] R EA2RETIILICL DV ARING, IHICiE, 7A 2 EE
T o8kA R - HIRICK Y chbofjEeffladbe THW2 b H 2D, 2oL HiC, Fit
INDZTAMCONWT, EDX )T —2IUEET ¥ 4 v (data collection design) # 3 2% %
IERICEERME L 2 5,

EDTFHFA VBREINE &, ERICED XS R HTHET 2 2072 2L+ 5
BROMEL 78 5, GHHEFH XTI, FUREE 27750, RRREREE R SW L2200
HEDPFET 508, ZNoD 5 b iz ERT 20 3HE T FA4 v e KELSBHboTw3, &
FLZZTRE2F AR FNIECT R0 Id FT 4 v e ELost BT E L2869 LD 14
I THIGL CWwWdbITTlRAEVWI &ETHDL, HEENTFAI v TTRAIREREI N L 2o, #
BOKETHEHNDHELZITS e BHEEASAED S D TH S, $7-. FLFTHFA vid, ZhE
W, ZHRE~OAHE, 7X FEMFOa X, TR MCEEN 2 HERR LA i FE R ol
DIFTHREL TR TN RO AN L ICHFEELLETH B,

264 FODOT—XWETHFA v

FITh Rk e, IRT iIKBF3ZD720I1CiF 2 DD T A+ 2B & 2 DEHRALHE &
5, MEINOEEHT 272010, WHIFEATLE THWIRE WO T —XINETF
4 v (LT HF A v ;5 equatingdesign) BIREINT VDL, ZNENDOTHF A4 v T LICKT - H
Frasds b HESETIREEA RERRTOTC, ED X5 RTFHA4 viRlborkd T L
%, £, BET A PRECRAEBELZHRT 220ICINL0 T4 V3T T A
AFNTn3

(1) B—InN—7FT%4 v
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WHIFAHME T - ZINETF AL v E LT~ V=TT %4 v~ (single-group design : SG)
5 (X17), THIFFAENRE k2L L MR LCoZHRE I N—TPICT R
FXETAMY ZFARKFICERT 22 TT— 2% NET 2, ALZMEIN—TBZIT T3
T FNHARFA—THE I Lpb, FAL X LT AR Y KHT 57 2 MMERos i
WEMEOERITAIXETA MY OWEICRESI NS Z L2 FIHL CHEMEITZ 5.5,
SG 7HA V3@ ZMHE 7 ¥ 4~ (common-subjects design) & bIFFFI NS Z L H3DH 5,

P (@) (@)

17: 88— —7F¥4 v (SG)

SG 7H¥4 v T, ZREDANHMAEL T2 LT, FbotEEs L2 enTE %, il
FTE2T7VvA—=TAMTFA VTR, FOREEEL LT 27201037 v — e 2 HBIEHHE O
B4 LAETNIEREL VR, 1 DOFAMCEDZ I enTE 2EAKA LoHBEZ T3,
B V=7 FHA v Cid, FRENICIZZmE O N E H 2 BEU EHERTENITRE L 2%
CZITH5 2B TEB L6, NAEP T o RTWw 3 (KK 2006), —/7. BEBTICE
WTiE, 220D 7 A P ERIZIFFAIRFICZHRT 2 LM Z R T 2 2 L1k, fkxxa X P o cHL v
B&Eb %0,

(2) Zlirr—FFH4 v

SG 7HA viF, FEITD 2 00T A 2[A—ZREIN—TICRXRS LT A v TH
D7, CDOLE ZREIFZ2O0DT A ZFEIRFICZMT 5 08 H 5 720% BB~ EH EE
KB W7 Ay bHEL D, 20720, HEOEEBGH CIX. FAENR L & 2 HEH 2 S
AL I N2 2 2 DOZMERMZHER L, £OKLICT AN XELRTALY 2EMET
5L mEZDL, ZNDEM I N— T T 9 A v (equivalent-groups design : EG) T» 3 (X 18),
[ — BRI D & B IS IR S N ZIRERECH 2 720, AR I N 5471504 b [FAl—
LR EFIHLELET) S LA TES, T, BHOZMERT AL X227 AP Y
DELLPVEDFETEZITINIER WD, SGTHA v XD IIZHRE~DAMPERET N D A
Vy b 23H 5,
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P1 O
P2 O

18 : Zffi 7 —7F¥ 4 v (EG)

(3) WOV R=—NTVATHFL v

T A &RZT B BICIT—RICR R O fEE R 2> 5 4 U 2 57 I o IR IC X 2 IR
~DOEERLEDVDW LR LB LR (carry-over effect) 23FET 5, 2D X 5 AR EMHE L
TEABEL2EDL-DICTRINEZDOEA T v E—"TF Vv ZFH A4~ (counterbalanced
design:CB) T%» % (X 19), CB 7% A4 v CRHEFP 2LDEAL 23 2 DDMIEARE LTD
ZWERE P PoAFE R, 22T A X T ALY Oiff%, ZREFHBE CIEE L ANEZL TE
Mg 2 Z & TRBBMLARZITHH L, FEEZEHD TS, 2L, ACZBRERT AL X
ETAMY 2RI BTFNELEL KWz, ZRE~DAML WS HTIE SG THFAVERILT
AUy bEEATHS,

P1 1 2
P2 2 1

19: v vx—n"7 v 27%¥4 v (CB)
GE) A v E2—NF Vv RTFHFL v OERPOBFIIFEMIE L RS

(4) 7Tvh—T AP EREIREM v — 75794~ (NEAT)

7 v Hh—7 A bFTH A v (anchor test design : AT)IF, FL%E1T9 22007 X boftic, zh
LEESHL I 1oDFT A ((RE T A, 7751 —7 & b:anchor test) ZFIF LT, FHL%E1T
STHEAvTHDE (M19), Zhnid, HEEE T A~ (common-items design) & SG 7% 4
vEMAEDELINEL R TES, Thbb 2O00ZRERICEINEINT AL X LT
ALY 2FEfET L LA, mifFcH@EL TEMTSTANAZRT L, TAFXET AL
ACBLTIESGTHFAY (FAPY TR AICBLTORER) LAhoTwad—4, 7A¢
ABIL TR 2 2D ZRER P ILHZRE L o T 3,
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TYA—T A THFA VY TIHIEHE > O ERZERFCTE 2720, ZORZENLIHICHE
AW L7274 v e LT v =T A 2SI REM 7 Vv — 7794~ (non-equivalent
groups with anchor test design : NEAT) 23% %,

P O @
Q e O

X 20: 7vh—T7AMEFEREHisN— 75794 v (NEAT)
GBP, QiFZNENA VIR 3 BERD O OEARE RS

NEAT 7% A4 v 37 v h =7 AL ADTHREME > TT AP X LT AP Y OFEFTS 2 L2
T& 5% bk ZHREEAL ST LS FEFERD OB E AR TH 2 BBV, Z
BREBOMRDOETAY v b 23H B, THICTAM A ZBEICLATNE, ZRE~DAMD
SGFHA VR GBFTHA VIEERDPLLAV, LPLZEO—HT, TAFAKEENBHEAK
DIEF AR BIZIE10EEL TR ED) Ha, FRBECHEREL LW T AY v b
bdHo, 5z, REEORAL WHPFEOKEREE 22, 1 207 X F 0HBEHK
CHIIR (7R X T A AZEFLAHERICHIR) 25 235674k, HlHE QMRS v
I 6 NEAT TH A4 v (TYvh—T R THFAVEED) ZHOZLPEHLVWEAED S 4
» 5,

PLbE BARE 25 (072007 — XVETFA V&AL CTE D, FTV 4 vERET
3 BRI U DR D | CHEHE A O3, HlEH AP HEZRER R L, 7 A L 20T
ZIEDHRETE 2L TS FT22LTHs, LaL, —HT, FTVF A VREICENT
FED XD RRWTHXIETE 5 LD K9 RPIER b DIITAE L 7\ KL, FEhtE nT BN,
IR ERRA SR RIE L TR T 2 2 L BREARRIRTH S, X HICFHEICH T o T,
RIATHAR 2 EDFACTTE LM S 2 b 2 OEEINE & iz 7 — X 5 o EIHY 2 DA 7 st
CHIM kD ONDE LED L bEELRBNEETH 2,

B BREZIHEIZPRIICOD 2o THEMINE Z ERXTFEINT WS, Z DFEE,
FEHES LTI BB E R EBBRB LT I RFHETCE S, 2070, 20k ot
REOWIE (HE) dbH) BLETH2, 2O L EBLTEHENT A VA LERD

%o

2,65 XF I FRZENHE
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AT A VBRE S NIB, ZOTFA VI TT AT =208 EI N2, Z LT, 5
bNFzT AT =K 2T, BERICELOFAERTRbN S, T F 1 v L Fkic, Eo
ATRFRZICE N THEEERATTEPREIN TV I UTIC. ZOREKRN LD DEHMNT 2,

(1) Atz 7= 53
IRT IZBWTIE, ZREREE WL O DB S 7 2 HAREREEIC X v THE x5
ZIEEMERE»RITLIchs, RENAIRTETATHE 2BV RT 4 v 7ET LTI,

U 0 % b oW HICIEE T 2 P, (0) %

exp[Da; (0 — by)]

P.(9) = 34

1 (0) 1+exp[Da]-(9—bj)] (34)
ELTRT, Z0& EZMEREL 0 ITonT,

0* =KO +L (35)

LRPAI L 72d D% 078 T 5, FRHCHE R bic2nTh,

=2 36

a' = (36)

b*=Kb+1L 37)
DXL L-bD%a*, b*T 5L,

Da;(6 — b; Da’(6* — b!
P,(6) = exp[ a]( 1)] . exp[ aj( 1)] = P(6") (38)

1+ exp[Daj(B - bj)] 1+ exp[Da]’f(B* - b]*)]

DX ICHIEEIETAI e CIERHERIZ DL R, 203 Thbb, FHERHT
ZREE 0 ic2WT, K, LEAWTRAL B L A TEICRETE 2L ER LTS, BHE
O IRT £EFAEZH OGN TR, SFCHWET =22y Fics T 2 ZREERORERICD
W, 0, FEREEAE 1 L7 B X O ICHE(L L 72 ECHHHE B OHEE R & T b B, Hifl
OHICEZIE, T AFX, TA MY RENZNHLITHMNT L REETIR. 2 Z o RHERI A
DD 0, BHERAS 1 Lo TH Y BEEZINOLEFRKT L2 L8 TE ARV, 22T, (35)
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REHAWCT, HIZITTAF YDA L HEMETAFXDZFNICEDES L5 BIFERITH T &
T, MiTA MK AREICT 20 TCHE, 2DE ZICHOT W BKENLEZRE L W5,

FRMERACZF LTI DI LTI o LREEED 2 HEET2) 02 MEE & 5,
LB OMETEICOREA R TEPREIN TS, hhrThbROERTEL LT
Marco(1977)1C X % mean /sigma iE03Z% W 535, @D mean/sigma ik, 7 A b XRUIT A
FYREENZAFHHICOWT, ZhEhT —X &y b2 OHEE SN WL by, by D
Py Moy PRHERE Gy 0p, ZFHCTL K =0y, /0p,n L = pp, — Kpp, & L TELIREDOHE
EXRITIDDTH 2, BibBEZMETFA vOBEICIE. 220072 26580605 H@EZHR
HOREHEE MOy 0y D3 pg, Moy HFUEM AT, 0g, T [FRRICK = 05, /0g, L=
o, — K, & LT mean / sigma ik 2 @M% C L 23AIRETH 5,

723, mean /sigma i EDMIC S, 2 O DIEHEHERBE D % /N 3 7% (Haebara 1980)
. T A BB D % & H/NC T 3 ik (Stocking & Lord 1983), @52 0 IHH K s < £
— v EFA L CE RS R R AHEE 32 ik (BP0 1986). mean / sigma KIS B W CHEE REE
EDOTEICE TN D AT ORE I AHE LIRS & vl E BP0 - fER 2011) &
ERRA TTERRE I N TV 5,

(2) [FIRFREEREEE

R R %27 (concurrent calibration) 1%, FELTF ¥4 v O FTHELNEZT A b F— &2k
ZRWTC, FRHCHBE R OHEE 21T 5 2 L CHLRIT I HETH 2. TV =T A THFA ¥
KEWT, BoNizT — 2 %2 A4L5%2T — 2175 (incomplete datamatrix) & L CH7-& &, JHH
DR E N Wilsr CRIZZRIEH : not presented items) 2SFET 5, T DT — 2f15|&kico
WCTHHBBOMEZIT) 2T T — 22k 1 DORE ETRBINE 2 L &b FH
FHI NG, B KMIORHEBICO W TR HEREHEER O TEREEBIC IZE T ka v, T 51T,
GREMETAZHCEZHELSTES Y 7 v 27 (BILOG-MG (Zimowski, Muraki, Mislevy,
& Bock 1996) % EasyEstimation (&% 2009)) 72 & Tk, HEDT A PX (B LT AMY)
T ZR L B R RN (2 0 BFS O % 0, BEHERAEZ 1 & 35) & LTHahzelrd
TENRTE D, B—EHTORITOLAICIE, 7 — 270 E $h 5 EH 2k BEM D ic >
W, R0, IRREREEE 1 ETEILEnD,

(3) HHEEEE

JHHE % (fixed items method) X, Z{LL 72\ 7 2 F OIEHBEKIHEERIC, T§CicBEbhn
TWETAMT =2 LiEE L-HERREZBME UCRA L S E21T 5 5iETH 5 213,
TYH—F AN TFHFEA v EGREE YA V) Ics 3 2HEBBEEEO TR X IILUTDO X 51k 5,
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1) 7A M XOHHBEEHET 2.

2) 72 Y OHEB R HET 2B, EEATICOWTIZ 1) CELNIEEE
B THE] LCHEES 3, 2o &, BEMMMOVIGE 0, BEEREZ 1 L35 X
5 iR IF LI L L s,

DEoFfHEicky, 72X YOHEMBIEETT A I X FORETREINL 2Lk,
CORMEFHEICEWTH, V7 v o7 & LTk BILOG-MG -+ EasyEstimation ZH\»% &
L DTE %, FriC EasyEstimation Tld, HHEEZ/T) FHZicowT~ v 2 BEZAiRL L
72 GULIC XY, ffEIC i 21T 9 S L BSHRETH %,

2.6.6 FEHERFE D RERK

C DHEITIT PR 28 FERMED RIE 2K 3 2 BR D FLIRE D HEE & X OFF(LIE DFERIC o0
THT > 7= T OB 2 Fefx L T <

1) PR 25 4FEE (H25) &Pk 28 45 (H28) o EMILEIEE I oW, #E S h7zHH
BEx 7ay b L, FErTREtIc oW TET 21T o7z, 35)RicH 2 X 5 1o, FLfFExr w2
I35 C IR RHE R D AIE I 7 BAGR A IEE X N2 28, B4 FE o TH H IR BEEE o HEE il 2 2 n 2 ik
CHllCHR LT ey B L IRITHEM EIcIER 20, @EEAAEH L CFr o 5y
7o CRIEZR > &I L 7=,

2) FEERIGEIEH o JH H A E M % v T, Mean-Mean 3, Mean-GMean % (Mean-
Mean £ BT, HHEBEN O RMFEH % 5% /77k).  Mean-Sigma %, Haebara ik,
Stocking-Lord @ 5 20 ik (LT, #hZh MM, MGM, MS, HB, SL LBt 4 %) T
H25 DREN R D RE % H28 DREN R D RIEEICEHAL T 5 72 0 DEFLiRE z Ko 72,

3) MGM LSO HEFEICTIZ R DXy 77— CTH 5 plinkver.1.3.1 Z R L 72, flo 7w
2 STUIRT ver.1.0 % T, #EAFTFRHEFHANT T 5 L 2R L7z, MGM kicowT
AN R ZER L 2 nEZRIA L7z, 25013 ML 2400 ER T 7 T LkEE,
FiRD—EF 2 2 L 2R L 72, HB L SL iEIC oW T, UT 052 EE L THERE %2 AT
L7z

ZAF T HERHERIEL - 7 R MREBIEIC 2 5 v = A4 M E B - BEFOIEHBEHEE

B BILOGDO7 Y F 7y F(*PH2 77 4 ) Ofixfill CRESO¥=41) 43,
ZAE T BHRBBUC oW Tid, Z Lotk 2 Z5E L. 3T b v,
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4) HEIEHEICOWT, H28 OIHEREHEEE & . St o H25 0B RHEHEE/EZ 7 a v b
L CELHEIC X 2R EBRGT L7z, 72, FFLiEICDo»w T, Leave-One-Out &7 %Y
ft (LOOCV) #%1Tw, H#EIEH% 1 272 T BRI L 256 05 LiREE ko T 2 h & S HhsE H
ICOWTHEDIR L, ZDEWERHRL 72, FURBO XL 2E FEERZE) AWhEwigd, 7—
2L LTHEZONFEDHEBHEEME D E 2 T IC v, HERHEESLTETnWE T L
DFFLE IR Z 5 Z LB TE 5,

5) BHBIT L OBEFICOWTIZUTO®Y TH o7z,

EFE : wFhoiiEcd, GH)RoEE (K) 131 Xv/hEL, UK (L) Z~4F20flie &
272, MM, MGM, MS TizK, Loflit 4 K& ®, HB & X ' SL TIIMHMWIT/NE D & 70 o
7 MBREHEEME DO 7m v P Tl WINDFIETH B0 2B WX R 5k h 5 72, LOOCV
i, K, LEDICRDMEMETH >7-D1F HB, ROMEMETHRDP>72DI1F MM TH - 7=,

BHECMM 5 XUMGM TldfE (K) 281 2., 2 ofho 7Tl 1 X W /h& kot
PR (L) icBILTid. MM B3 XU MGM A7 5 R KE L, 2NN DHETIZT I ATH B
DD MM BXUYTMGM X Y IZ/NXAflie 757z, HEMEHEEED 72 v b Tld, wihd
TETH HiZo 7B WIZ R O N D o 7223, THEWEEEHEEED 7'm v b X0 LR OME =
21 XYV/hE L kol LR a N7z, MM 5 X0 MGM DR % A3 2 0 13
BHBL#EZOLNT, LOOCV I khiF, K, L& ICROHEMTH >0 MGM, b
ThPro272DiF MS TH - 7=,

6) METHIHIT

AR ORER X |
CEFEE B CIIROHEBTH o7 b o RELE SRR S
CHEEE b, BOIEMBTH o 72 HIEMR. 50D ED R GRS MRk S URBHE T 2 5
# 7= (EFETIX HB, BHH <TiZ MGM),
Ligote, —JiC BRbY, (FEEIC) FEEZEZCRAUEEEEI e eEx b L
ZIRPUCHIETE ZPLHME S EE BN b, UEXD,
cSROFHET — 2L Td, WINoBFHTBWTH | o7k & i L < E iR
BHEEMEFS X LOOCV iR %5 2 7=,
- % OFHEESDH 2 CRETIE, ROEENZEMEE LTH O TWS),
SL BIC X 2R AT 2 0 A3 224 Ll L 72,

Fiin

N S

44



7) 72720, ZhESEOSHRERICHES CHETch Y, SREAKOTAEZITIHAICIE, &
FAED N7 F —= v R EE L, SL &2kt IC R L Tn o 2358 2 &) 2 2 fHE
HWT L T B D B, PERERE - BT BT FER

8) Al 3AEEICBIL CTiE, MAEMICHE LT XCoRBICEWT, VK 28 FEIHH R %
EHE L COEAEEEZRHA L7z, #EDD Y 7 b v = 7 I EasyEstimation % F|H L 7z,

2.7 HEET A MoiEoEA

EEPRENFHED X O KB T2 XA v Mgk WwTlid, ST 2 REEFESL BRI
THEAMTOREL &b i, HEMEOME, Fabb, FEREEMHL ERAENR L $EF
I VIR Y R EMT 5T A P oHICl AR D L ) RTERFET 5, ko —MtT
—HE MO T X P U X o TFREHEAEE o N—F 5 2 L ix, REAE~0BHE, FEitia
A b REEIRHIR 7 & DB 2> O FEEMICAFRETH 5, £ 2 T, TXTONRBEHD b DL
DIEHA %L (N bDHHERZIEE 77— (itempool) & X3, Thbr 2D
= b (PISA OMEFRIZ cluster!)) ICE &, HICZzD2=y P ZHAEDE S 2 LT, {ifth
DHMERE L, 200ME2RY R ET 22 2E25, 2ok nlike<t v s X
# v 7 ) v 7 (matrix-sampling) 2 WIZT7 AT L~V v 7R -% 7Y v (item-matrix
-sampling, AN [E#E 7 X b ofhk] 2) LIRS,

Lo Lads, aitefla B 2Eic, &otticsid 2 2=y r ofiiE e HEEE. Avof
HREEAR Y AEL 2 EIELWHERAE LRV, FIZIEH 25 2=y b0 oREIC
MHFHET 2 X5 RN EEZEZ 2 L, REEFEOETOMPRICEL T, Zo2=y MicHEND
HEDAR S DWW L D b X HICHE L WA~ A T ZA030 % 2 AlREMEA TT L 2503 2 D
flch s, Sz, FAEWIFHEOR., EFRH, iz A P2 b CBRonTHE L 0w
RISt b & T, BONZERPEARLP DMWY DRHDICT Z2MEND 5, BARIITIE,

a) Foz=y P NMEREBEL CREINIBEAELLL RS L9 T 3,
b) 2=y F DAL DENRRZ =V BB WICFE CHEECHET 2 X 51T 5,
o ftrofcor=y b OREMEICHKD RV EIICT 5,

U PISA CRUOE 2D FICY) —F 4 v 27 - VF T —, BFENY 772 —RERMIEH & & 2/l
AATWE T8, Tb% 7 7 A X — (cluster) &MERDS, BELCHIHTHHE T 13D dic i E—#R
DREELAEENTWAVEZDEE (AH) 0X eIV EFHIERT 2=y M| LRI LICLT,

2 b (2010)i1c X 2 [EET 2 Fofiik] & v ) FEERERMRERICEH L2Ha0o bRk 5,
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d) —oDMTiIcETN3HEABAELICRS X513,

RENERIND, HmED D) KOWTIE, 2=y PoFIREINZEAKE T X CD2=y }
TH-—ICLTHL LT FMFIcEEN 2=y PREFLST 2L LFAEICRZ, 2D X
YT HA v ERME L 2 IRICLODBRBEHEREIC S L O KPIBRAGERM 7w v 7 THA v
(balanced incomplete block design :BIBD) & X i3 b DTH 3,

2.7.1 PIAAE/T vy 7 THFA v

BIBD & (%, —fRic, vE QUK E Skobfd 70y 7 CETINLEREFIHO Z L 2 E
K92, 2ZTk<vT., 222bLkldbkDvOfEEIC 2 X5 Icikd o, FUHE A WICH U
B2 HRL, Yo oMABDLE LR CEZ FMEO 7w vy 7 ICHRT 2754 v Tdh
b, fEiiHC BIB (v,b,k,1,1) LHFRLENDE, ADZ &% 2 DDUHDAEE L WL,

Bl 21X 7 v v 7 5t BIB (4,6,2,3,1) o4, 4 HoM(v=4)%2Z XN A, B, C, D ¢
T3¢, KX 2k=2)06207ay 7(h=6)%

(AB) (A,C) (ALD) (B,C) (B,D) (C,D)

DXL, WTNOUHED T3 E, wIFhhd T ey ZIZEWTHEL (r =3), 222fF
BO2 000G EwInd 1H(A=1)choTnwdIthrbrd, TOXIICVbIT
HIRREERA S CTOMBICH LTHEFEL 23 X5 T34 Va2 X LTHEAEE (balanced) & I35,
F/. 70y 7 DRE I RPUIRBvICE L WA % 5Efii 7 (complete) 70 v 7 Z LIk L T,
ZOFID XS ZD—EHLIFEELR Y, Thbb, k<vDEHH% A5 7% (incomplete) 7' 1
v 7 LI,

I, HB3THFAL VB BIBD TH L7011
bk=rv 22 Awv-1=rk-1)

LB LDBBETH B, KEE COFITH, 6X2=3x4 5D 1x(4—1)=3 X (2 —DAKY 3z
STW5 LR TE S, 7272L., BIBD &% 57200053 bro Tz, £72,

O L A7 X 5 1C A7 BIBD Tld Lt o) 0 &Nz e WA LA ETH B,
ZD0, REZSFHE TIE, BIBD OFfkr — 2 TH %5 2 —7F v &= (Youden square
design) % M3 %,
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272 2—F Vit

2—F VIitg 2137 7 v Fi#(Latin square design) 2> {78 %R itk o T/EbN D
THEA VDL THE, 2TTT7T VKL IR, WBRTREUHOEF 4 vlile T2 %, vxv
DIEHEEZ 72, EDOITICd EDFICd R CLER 1 {HF>ETh2 X351 L72bDTH 5, fil
ZI3. 3THEOUIE A, B, CIcxL T 3X3 D77 v Iitkid,

ABC BCA|l |[ACB
B CA CAB BAC
CAB B CA CBA

Ry, 2, 4FEHEONEE A, B, C, DICKLTD4AX4 DT T v Iij&ix,

OO w>

>0 0
O W™ >» 0O

OO w>»
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MAEh b, 2HEOEERICT — 2 205> OICHE L 72HH K)JGE 7 v (item response model)
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N3, b LEAEAD (0: 3%, 1 #08, 20 B L 3BREOIET T —4 & LTREEIND
mH, TAMERE LT D (F) ORd &9 2% EOHAKIET — 253G 605, HEKIG
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BRI ASEL ST A L, BENAIY ReAESTH D LBl S, BCC 2 LT2PL
ETABILSAMEING, #T7TY —k=12,,K-1CBT2P,(0)% 2PLET VI L > TK
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i, 1.702) 238 HE N3, D=17&THiE. D2)RFERBEFBET A DIEFIC X WIEpL e
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D.2 (f£) ~M D4 (£) . 320HhF ) —k=0,12% % 2EHH® IRCCC Ol %~d,
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TEHITHN DWATHINC B 1T 2 AHERDOFTHRE L TRDON S,

CZET, TAMEWET 3 MEOEHSZNENKEE VI RO AT T —% b DEAIC
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