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FEBI RS2 o 455 7R« (1) BTRM AN A2 20 55007 At 20 1 BE 5 M), BM G 288000k 11 114 15 22 il RS2 A4 1z 2
KRGS0 . (2) BTRM HAT — 5 Ay i, H YRR K, B, 8 R O 2o 2 g s /b
flTFiR 22, (EU YR H B BN, PSR B A BE ) Al TH IR 22 AR o (3) 24 Jm B A Sz AL H Y L il By

PRSI B i SR T 22 R AR

AL, 2-PL DL ik H U2 BEMLAK N ALY ; 2-PL DL - RS ; MCMC B3k
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1 55

T [ [ B4 Jeg s e 7 e 3 H s BRI 1) — >
BIRTHE . RMTEVFZ BT, X — B rl BE & 8o
BE. BN, %] BEEEEZ I A AR TP AR AN [ R
HZ R PEAT2% 2T 56 ] BB 2K % A= ff e —
A P A I 1) H (AN [R]— el 2 A I TEAN (7] 114 A8
H)&F sz 2 [m R R s m Al 20— 48 H, sty
B (testlet), GGG HHAETEBIZHIT, BiIZH NI H [HIAF
FEJR T, PN I H BN A I A R SR AN PR
KT WA H ks S AR AR AR . R, 1A
2 8RR B AL AR R SRR TR o A ST SR A B
0 IRT BB AT, 37 AE A s H 2800kt
Jt H AT ey Al 595 /9 /75 B2 (Wang & Wilson, 2005a).

ST IE A AL BRET (SEE, A1F 22 IS AR A
AL Y A B A B R AR E B H ST T AL
LSOV R, 3 BRI 3 B DG AR AR R A
U5 TR 5 G AR A T T R .

GE AR A 32 LR LT 45 0 O AR AL RN R 2R Ay
Brf I B, AL HE - 15 225 AH OG0 B R 3R T (Lee,
Dunbar, & Frisbie, 2001), £ K ZH R (4055 Wi K 1
FiAY) (Lee et al., 2001)F1 B A %l (Rijmen, 2009).
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Lee 55 A (2001)A9BIFFE shAf R 22 AH GRS, Z R
[F] B AR A 5 48 48 IRT BB EAT T HER, 4R Ry
I 9535 A RETZEL N, 158 22 A OGS N 22 DR R AR AU A
TALGE 1R 22 TC O Y B PR R I HE AR DA 1) £
JEFANL A RN, — i ek XAE SE Y IRT B A
13729, HhIBCH AT BEIEE 2% 10 ¢ TR SO0 A 2.
TEI S AR v AR BN [R], ST T AN ] Y
B« ] RO AR AL AR I ] 7 500 Y
T3 1 S AR A 2H ) o3 R O S R R o A3
53 IRT AU IR, R AN B2 R > B 20
H>15 LS P AY (Chen & Wang, 2007), #4H B BEHL
RO AR A B3y . AUZH B HLASO0 A5 A (Wainer &
Wang, 2000; Wang & Wilson, 2005b; Bradlow, Wainer,
& Wang, 1999), general f%7%(Wang, Bradlow, &
Wainer, 2002) 1 K F 5% (DeMars, 2006) . MRS Lt
AR, E500) IRT R, RZH REH LR AR
FIPH A A B A ARSI KR o ARFTEE X EA
FIE FAE OLEAT T X% U (DeMars, 2006), 45584
71N, T DR AR 3 O M R R, A B
PLR AU LE i PR A5 2 ELAT B G 3 i
U2 Bl ML AL N7 A5 7 (Testlet Random-effects
Model, TRM)#% 5G Hi Bradlow 25 (1999)4# i, Jf-#37
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FE DU A TR REZR R, AR 2 D« DL i ST R ZH B AL
N B (Bayesian Testlet Random-effects Model,
BTRM)”. HI T2 A A AR LG8 4 Y G TS AL T i R
T, H5ESE IRT B8 S 800 HAA Al He ik, PRI,
TEMTFE ML e 52 2] 7 Bok 2 595G . LIERT
TRM HIWF5E, FEHEL T AR K /N (Bradlow
et al., 1999; Wang et al., 2002; Wang & Wilson,
2005b), B4 K (Bradlow et al., 1999)%} TRM il
58 IRT BRI o (B2, X SRR T 50
TRM T8I A 5850, AR W5 R ik a5
T O N 2H A R P S D7 T (Bradlow et al.,
1999; Wang et al., 2002), EP{ [5] A4 5 7 3 A~ A
£, (HA BB 2H R BB A 5, N RE ARG
2 H AL )% B (Bradlow et al., 1999); A X
PSR e de S hn T 7717 (Wang et al., 2002), A~
AE 5 X A PR 2% 0 R 2 BEAIL R 4SS Y ML 455 IR A
RIS 52 HARH . S38h, R H Bt 52 240
Rl PR B BB R, AR T AR 25 W R ZH B AL
RO ASE AU B UL G R B — N 5 T, 1R 2 U
BT b, B H HCE AR 2 [ 5E 1Y (Bradlow et al.,
1999; Wang et al., 2002; Wang & Wilson, 2005b),

ik, N T RSB, K T
A H B X Se R AR AR 251 T, TRM FIfE 48 IRT
AN B A GO, i3] TRM /93 IV
Fil, A BT — Oy A i it RPRh
BRI FEATBAUBISE . BFFE— 5835 T X) TRM B4D 4t
FERR T, BN T B AR K, BB RE S
X R A AT TR IR A AR BN IR . [l Bt fig oy
SR AL T A AL Y — 2 i

FIAN, TS A R v (R I SR v A Sy
R, AN S B ) 4 8 A (1 5 B, A A I A
B PSR, B, TE A A AL A BRI Y
e, SR ER M ST Y R o A 0 B R 2 B E Y
(Bradlow et al., 1999; Wang et al., 2002; Wang &
Wilson, 2005b), —fthy 1/2. K, A LEEItT—
ABAUBT T, TR AL A4 H A [R]
MO T, PR AL Kt LA R Ol o AT DAy it
B 38 A5 2 R 858, o SEbR
eI 56 2 ) AR AL DE PR R — e 25

2 DU BE LUV AR L (BTRM)
LHZH AT

2.1 A
B T A9, SIn—4/ J B8 HH K

WS, FrARE RN 0, 134, XL H
T KMNMEH<K<J). H d(j)FnEH jEd,
A one BARBHKRNI<Ek<K), JFHdD=1,
d(j)=K o WR—DMEHF n=1, A EWHZE—
JRFR ST R, R, WER—NEH T K=,
B2 A 8 B 2s BIE — S, e T2 Rl
MY I 144 B X g JE A E AR SO,
AT LB B —AT 1% A IR BIAVEE OB AR R Y=( i)

BTRM LIS 4L logistic A& 71 A L 4iff (Lord,
Novick, & Birnbaum, 1968), i A&/ B4 RN )
AR ZHL, ik 1 RORWSTERE IR oL, WA
(Bradlow et al., 1999):

log it™! (t;) =exp(t;) / (1+exp(;))
ty = (0 =b; = Vi) + &y

) Wik, >0
HH 7T e (1)

Ho, g IR ST IEZS 5046, Fonuiik i fEE S
IVEZTE j i, HARS B S B RRENER S . S
B oaj, b, G FMESE IRT BRI p )& SC—FE, 43005
IR XY BT, MERE MBI AE B H . g )
PIANIE j AL e 2 b, B d (j)=d (j)IFY
Jr S MR A A0

1 FIZA A e — ARG IRT A0, 38 T i
RSB prac ), M H S EORBAS OO R
TWME. ROIESEAG TS, IR BB
MIZER, — MR DL it e 1 i s R R 2 800 %
115 BT,

22 BT

T, ARSI SCORIGHT #4: ik
FHESEAG T 2R, S 8% A A AL A 7 DLt
Wbtk . ARIEP S BTRM E L, 4
Ay ={80.b; Ty | o E VUSRS, MBI, 380
H A 5 50 S UE s S e s B, Xt
A, B VAT Yo 5643 4 (Wang, Bradlow, & Wainer,
2004):

(h")“v {[ﬁﬁ”]{ (o) p,s?az%é”] |-
o)  eee @y
N(pp s zsz ) (2)

Hrp h=log(a)X e S BE MM IES 3 . N
TEANEG, KrRe ) SR AT 22 [ R 0
231 W i [ R Y A S PR S AT DA S T M 5 3
i, SO T % o ) AR E R, R
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TEAN IR A REEZH =2 W i 2 o SRS 3R P T A8 4
FRSRAHIBEN A, = (BB Zap.00) | -
BB MU A B IEHE G 6 40 A Tk kR,
ANEANTRE S T RIS A5 A F BEL Y . &
K535 -
B> ~MVN(O.V,)
B ~ MVN(0,V,)
He, [t = =00 R, XX, 6 H—
BRI AR R 1D

3)

1
— 0
Sy ~ Inv—Wishart(2, M5") Fil M, =| 100 @
100
R~ O'j(j) 15345 2R O'j(j) ~ Inv—;(éz,r - H
i g, :%O T2 ) AV 77 2 W T IR
AU R R, BT DARRZH () 22 50N SCHR TR A5 H 4
ISR BE S E1T L) (Bradlow et al., 1999).
BT BIRAMSE A THE, T2 — RS
B ARBTHEAT B S B0 G 5 oA, 2 T SR ECRRAE
YR HAR A . 5 /R 0] K 5E SRR /R (Markov chain
Monte Carlo) /5 ¥ & — POk i3z 21 )32 v H 1 01
1 A = Ay 7
fli XA MCMC J5ik, HARHRAET —H155)
TIESREA, ey (8 r A A g b 41, AR TR
A 2 mT DRSS [ O AF 5% A0 w5 BB 5 0 o0 1Y
e, B4, BT IAERITEILE &R, 15X Fp
TR BT AR R T AT A A B T AR Z A
PEAR B DUt 07 Al 3+ 80F, B an WinBUS, X ffi 45
MCMC JiE43 8] 17 Z N H .
AL B T DU i1 MCMC 7k,
i iF SCORIGHT 3.0 #ff:(Wang et al., 2004)53 5|4k
THPIR R 240

3 WS AU B
B

3.1 #EBLRIT

ABFFEAIL AT 2000 45 R FVEZS UM%
. HTEA 34 (@AY : 76 BTRM 1,
HBHINTT % o] FUAKF, 0,05, 1 F12, 4341
FORHBIAAFAE . /N PR IUFE L. (b)

MK $8 R —A- Ay 8 H R, 5B 2,
5F 10 ARG OL; (o) 3 &t g6 b e iy H
AN CELHE )= AR 1 A E R Ry S A ST i HD), 4y
BIEL 20,40 F1 60 = FlE Il .4x3x3=36 FhE&1E T, 4
B BTRM  FIAS £ 020 (1) 6 2 4 DL v S s 7
(Bayesian Model, BM)' A7 LRI & o % e 5] 455 51
R Z M, AR R EIERSEBM (R BM)
FITE BRI B 4ET 79 BTRM,
32 HURHEM

il R S HgFEF A B R AT skl
FN e . AR AP T ALEE 2000 44 80 E Y
R, BB H R 0,1 TR H . T KR
A, A H 2 RS E O —
Ko A L N, AR RN B K, B
KR 10, B HEEN 60 AT, X 60 i 8
HrhAr 30 82 s i B, 5340 3088 H
10 3B H o —ANE2, A7 3 AN BT 5%
FF Bl R 30 Ik

TERSAET, BERIEEE S 50004 2 R SC
kS SR s 225 . Herp 0~N (0, 1%), a; ~ N (0.8,
0.2%), b~ N (0, 1%), %55 ETS #E4T SAT W% i
SRE B 1 24y A VE L, 00T LA 52 BRgicdi A B
i (Bradlow et al., 1999). 7 & i T AL A4 75 22,
RE IS HURMN M 0~N (0, 1%), P, P B ZH 5
BRI BHL o) BARM FRE SN 7 2 1 1
T XA B R AR, HR R R A S R
N, RIEARF A, XF oy 5307 220478
B XA RIS, H R R S R
PISH0 H AR A
3.3 MCMC f4it

A HF 5% 0 ] SCORIGHT # 4 (Wang et al.,
2004), i/ MCMC J5 Al T8 280 . MCMC %
BBEE R S, Ja R R BB 10, £S5
45 A4 MCMC %% 4000 YRIECHE 1000 YR
JE B HAME, T 3000 YRAE A BT (B 5 .
3.4 iFMNiRE

A FE 7S A D5 T8 VT S 8005 T BRS B DL &
BB S8R ) S FERE . (1) 22 (Bias), 246X 22
(MAE), %2277 H (RMSE), A8 F0 ELH A 4 %
FH, 95%E A5 X X FAH 1Y 8 55 Ll (CP), 95%
15 XA BE (MPIW)

AR SCHIT I B BB AL R A R R ) DU S D AR T2 8, DR SURR A DU S ALY B ZE AR, TPk BTRM; 4 T T2 4k
A LU, 250 IRT AR SR T DU ATt R AR SCRRAG G AN & LA 1) IRT BEAL g DU LAY, fiFK BM.
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Tl 25 T TR o A 78 Xof X 26 S 0 Ak T AR R TG
iy, f£ BTRM h, BN S8 % o) 1645 Fh
AT ATHE R Z I RT 0, BEHIZEIR AT Rtk
A T R

AT B B N K NE, SR T
AR ZE TR E 1~E 4,

(1) XHESH

TE B 8N AETZERT, BTRM 153 (19 X 43 i S5k
A S B 40 5 5 T BM, H BTRM X} X 73 280
AT 15 22 FE AR 32 UL 50N, A K A H 4K
W, E45F PN R RE . H BM
FIAR T2 22 25X = AN E R . Bl LR
NN, BM XX 53 BE S TR 25 A R
e I H R X 53 B SR T HER TR Y 25 5%
Wi 5 250 2] A58 118 15 o i 38 K

MK DT, 48 H R R 260 i), B
HARKFEREM, BM XF X 508 S B0 157 22
Ny R BRI (20 B, BERE R ZE KRR,
BM fhitryi2Esm. Bk, Sgi K, pEE
RIZH B2 A B, P eSS AR 14 % DX BE S A T 1)
HERRME I 22 S0, B0 F R, Bl A K
(38N, PO AR IR X6 X 43 B S A Tl 1) 22
SR

biti 75 0 H KR B0/, BM XX 40 B S5 T
MR 2ZEIE K. FeollidE, 48 H B %0 (20 iH),
BAFTER K B8, Wi AL 5 BM #4745
Br, -5 SO X 53 BE SR T 1R 25 3 KT A
REAY L 2 K R RN R RGN R BE I, A5 5
BM 15 2 ) X 53 B S50 25 B B K, U RH 240 55
HE H D K R . RO KR,
4 BM JCIRAS 2 0] 5 1 X 43 B S8l T4

(2) HESH

BTRM i X B S 500 1T AR 25 A 32 45 [ K 5
W, fE450F M 225, (BXF BM, 43l
i 5 R 2 00 RN A K B 38, e S Bk T Y
TRZEAG BRI, Pk, PIAMSERLT X B S B
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SEINTIE A . AR RS R AT LR B, R
RN, L K BB, P AR 2 o w2 B
Tt iR 22 2= S OR, (] BTRM X ¥ i 2 4k
HEATAR T RE A 20 B A A 25 2R

RE D, BMOX MERE SR TG 1% 22 18
Ko SEHAEE B RELL T (20 1), WMRFFAERK
M, HAH KRR, 124 BM 1535
BOMERE SR THE, HARZEV 2R T BTRM. X2
5 IX ISR A R — B .

(3)RRE L S

FILEH 2808 2 B0 O 2 2 B A2 U2 S50 A A
s, B H B XHZ S BN . HLAA
KL, B LR 38N, w2 RN SO 2 A
AITRZEIG R, RO ALK B RS, O 207
ZEAGTFRYERZZD/D, FERI6Y, SR KRS 5 LU
I, AT ARG P A0 TR R 2 AT
ATRAHEI, AARZR BTRM X BI4H R0 gt 4 Ry e
WRIALTT, NN R 5 T .
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AL M2 AL NS A [ HE A0
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R SRS

BT HE M10
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o 045 f: 0.45 i 0.45
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=025 025 025
ge i S
0.05 o= 0.05 0.05 ——-ﬁ
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T 2 200, L4 28 I R 2] 2 0,
WA A2 RGBS BB A10
HEIE S
0.65 0.65 0.65
B s = =
= 045 = / . |
R = 045 = 045
=025 R 025 025 -
- = = —/
_ e ——— —— = - -
0.05 T . T 0.05 - : . 0.05 : : :
0 05 1 2 0 05 1 2 0 05 1 2
AR A B T3
I HE A2 R G HE NS RIS HE A0
E 2 BUHECE 40 200 T WIA R RIR 2234 5 HL(RMSE)
@DEENBH UNSRA P A e B K Ry 2 a5 A9 B AR AR X E

PR AR TR T B 0 S B0A T Al M Y 22 AR
FLIRI A 32 S 00, A B A H s = AR
frsZma, BAK .

55 BE SO, S 53 0 ) e 39 DR R 2H A0
AR BEEW AR R, PFPBIA A8 ) S5 TR
2RI, i BTRM X1 S5 1h 11
R A5 210 5 o0 v e A 45 42

R B A 98N £ T BOPT AR R X B ) S8
FETT A HERR PRI B B AR . AR, YR H B b
20 ), SHAMANTFETENER: H—, Y
R RN AN A, BV E 22 (] 1 A2 ) 35 0 57 1 1

ST T, HAR TS R AR 22 KT BM; 5
=, X TEH S8, PR AL R ) S E0N A
2 H B 5 TR PR M H B 20
F, BRI RE 1 S EOO TR R . % R
UL, AR AR 55 N BTRM 155
XFRE I S ECEMER AL THE, T2 A R A
— LR, B, BMEMST BTRM, tASRER 21
EHAG SR

352 ITESEXEMMERX £ 1 JH TR
— KR, PR A A SR THE R LS (E A G
. WTUEN, EEMAMT, £S8MMHES
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Rl HR—FBR—KETAMBEZSSHGITEMELENHELRY
B T 7 kT BTRM BM
0 a b 0 a b
0 0.917 0.947 0.995 0.933 0.949 0.996
JBULH R 0.5 0.895 0.945 0.996 0.892 0.930 0.995
(c}) 1 0.887 0.944 0.995 0.877 0.902 0.993
2 0.875 0.940 0.995 0.850 0.837 0.989
2 0.898 0.937 0.995 0.905 0.918 0.995
WK 5 0.892 0.944 0.995 0.895 0.923 0.994
10 0.894 0.951 0.995 0.874 0.895 0.990
20 0.837 0.937 0.995 0.846 0.879 0.991
B H HoE 40 0.899 0.946 0.995 0.892 0.922 0.994
60 0.929 0.949 0.995 0.925 0.931 0.995

FUSE A AR A4 5K (FE 0.837~0.996 Z [1]), il 4%
AT HZE Mg S8l THE 5 H A TE
B —2etk . BTRM X 43 BE S50 THE S5 B SE
MIFCELR T BM, HPRf#H ARV IR, Sgl K
JEE BE BRI B9 BE Uk, PSR HAS BI 1 IX 43 FE 2
BN, (B EEE R 20, SIS 10, 8
LHRLN BRI, BTRM 4 0.948, BM 4 0.652). fEs
SHORME E 2 B0 A A1 3] ) A1 56 ZR 802 S A
BN, JEHSEMERE S (PIFPEALIITE 0.990 BHIT).
353 EFEXENEEMNEZEZEEREUEXEKE
3 2 TR AT T PRI S50 95% B A5 X Al K
JEE R B ) 7 55 HL

MAGTHE 95% A7 X M BE i 25 31 v LA
#41FT, BTRM & 2800 HA 95% 8 15 X 4 B

PIKTF BM. H BRI 959% 8 15 IX 0] K i 1 22 5
I 5 R 2 A58 ) 388 TR O, RS, R B AR
2K FE T PR 95% B A IX [] < 114 22 57 )L
BeA R

458 95% ER DX )%t BLE 1) 35 L, nT LR
W, S (RIS L 0N & A5 L), BTRM
B SHEAGTHE 95% & A5 X 8] X EAE 1Y 7 55 L i) 3
KT BM. X 5ETAMSEE R —F((Bradlow et al.,
1999), ZHZMATHLEE, 7T LLAH, BM 1 95%E:
& X EH EER. BTRM 78, HJ2 H X BLH A9 8 o5 1L
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When Should We Use Testlet Model? A Comparison Study of Bayesian Testlet
Random-Effects Model and Standard 2-PL Bayesian Model

LIU Yue; LIU Hong-Yun

(School of Psychology, Beijing Normal University, Beijing 100875, China)

Abstract

A testlet is comprised of a group of multiple choice items based on a common stimuli. When a testlet is
used, the traditional item response models may not be appropriate due to the violation of the assumption of local
independence (LI). A variety of new models have been proposed to analyze response data sets for testlets.
Among them, the Bayesian random effects model proposed by Bradlow, Wainer and Wang (1999) is one of the
most promising. However, in many situations it is not clear to practitioners whether the traditional IRT methods
should still be used instead of a newly proposed testlet model.

The objective of the current study is to investigate the effects of model selection in various situations. In
simulation 1, simulated response data sets were generated under three simulation factors, which were: testlet
variance (0, 0.5, 1, 2); testlet size (2, 5, 10); and test length (20, 40, 60). For each simulation condition, the test
structure was determined by fixing the number of examinees as / =2000, and the percentage of testlet items in a
test as 50%. Under each condition, 30 replications were generated. Both two-parameter Bayesian testlet random
effect model and standard two-parameter Bayesian model were fitted to every dataset using MCMC method. The
computer program SCORIGHT was used to conduct all the analysis across different conditions.

Two models were compared corresponding to seven criteria: bias, mean absolute error, root mean square

error, correlation between estimated and true values, 95% posterior interval width, 95% coverage probability.
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These indexes were computed for all parameters separately.

Simulation 2 compared the two models under two factors: the proportion of independent items (1/3, 1/2,
2/3); test length (20, 30, 40, 60). The data generation, analyze process and criteria mimicked those of simulation
1.

The results showed that: (1) The accuracy of the estimation of all parameters under 2-PL Bayesian testlet
random-effect model remained stable with varying levels of testlet effect and testlet size. However, the estimate
errors of all the parameters under 2-PL Bayesian model increased dramatically as the testlet effect and testlet
size became larger. Besides, using Bayesian testlet random-effect model, the error for every parameter was
always less than that for 2-PL Bayesian model. It was especially necessary to choose 2-PL Bayesian testlet
random-effects model when testlet variance and testlet size were large. (2) Even though, the accuracy of
estimation of item parameters in Bayesian testlet random-effect model wasn’t affected by test length, the
accuracy of ability parameter was. Moreover, as the test got shorter, the errors of all parameters under 2-PL
Bayesian model increased dramatically. In all, under short test conditions, even if there was large testlet effect,
Bayesian testlet random-effect model couldn’t work well, meanwhile, if items were all independent, using
Bayesian testlet random-effect model would result in much worse ability estimations than 2-PL Bayesian model.
(3) When the proportion of independent items was large, and the test length was larger than 20 items, the
estimations of two models didn’t show significant differences.

In conclusion, 2-PL Bayesian testlet random-effect model is more general. Using the more complex testlet
model when items are all independent, will lead almost the same accuracy of the parameter estimations as using
the 2-PL Bayesian model. It is better to choose 2-PL Bayesian testlet random-effect model when testlet variance,
testlet size, and test length are large. However, when test length is short, even the Bayesian testlet random-
effects model couldn’t provide accurate estimations of parameters when local dependence happened. So it is
important to make sure the test was comprised of enough items before applying a testlet model. We also give
some suggestions for practitioners. In the test construction period, first it is better for items to be independent, if
not, shorter testlets and larger proportion of independent items should be included. While in the test analysis
period, local dependence should be detected first. If evidence shows that there is dependence structure, then an
appropriate model should be chosen to avoid estimation errors.

Key words testlet; 2-PL Bayesian testlet random-effect model; 2-PL Bayesian model; MCMC method



