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Bootstrap J7 i & — A A R A FRRRE D vk, AR P RRAL RIS 1Y O 22 40 d SO S il i o A Monte
Carlo HARBIL PUFP 73 A5 EHs, 43R IER M . WA . 2000 MM EdE . T pxi wit, &
WAL IE % Bootstrap J5 2 AHXT TR AL IE 1Y Bootstrap Ji i, JE&HaE 1AL IS Ak 11 PO R SALL 05 A5 $dis 1yl 25
e R HAR SR, S5RERE . B A AR EGE, NEARRIEE, NSRS R AR R R AT, KOE
Y Bootstrap J7 iE#REL T AW IE ) Bootstrap Jyi%, #ZI1E) Bootstrap 77 ik i3 T ME L B i Ty 22 4 )y HAR

SHLA I

HEfL PRI ; Bootstrap J7ik; &R, TEME

B841

1 5%

WEALBRIE, MFR 7 22 i, fE.0B 54
BN E A E) IZ R . Bootstrap Jrik,
FREE BhL”, J&—FP A i I ) FRh A T s, iTHF
HE AL BRI 09 5 22 43 5 S HAR 5 4 Al 11 (Brennan,
2001).

Bootstrap 75 i /& 3 [E W AR K 2= 4e it & Efron
(Q979)4 1 —FhGe ity ik . XA PR GE T E E
(BT 981 2 — (Fan, 2003), H BTl 1T 5 ih

Bl (L EB B P REVLATBOR R A 1 i 72,

RERT LTS8, Wl FHES G (Cui &
Kolen, 2008). {ii /] Bootstrap Jy i it JL A Fi I S -
PUFIRKIE (REAR 50 n) D IERl, 7E4RUERE I
EEHAA B U B I RER AR SE (Un) I LT, PEA
T A AR, BT AR AEAS B AR Bootstrap HEAR
HRAE—~ Bootstrap FEAS T AN AU ST, W
BRSO —METHE. XFEEEE TIRGEEHR B,
Wi B = 1000), FLIE T — S50 U RE o
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AR S SRR IR

Ao MR A A, o] DG IE . bR
2 MR E L, SRS S E bR IR AE
R[], FEX AL R, an SR 8050 A & E A,
Al LR S50 bR 1 B T 95% & {5 X [A] . 4n
SRR AR IERS W, AT 2.5 A a8
5 97.5 H A ECRAG T 95%E {5 X [A]
Bootstrap Xf 4t i Ak T AR ST FR AN T
B, MR D(@ A 73 A 1 Ji 4 B A Xy,
Xo, wereen, Xy FEARZHR n<N (FREEAZR), F4
Xi BJLFEN UN; K5, v L—2rho Mgit&
0, WFEH. S8 I BN RSA, WS, iR
fEE B k(B —MBt 9 1000), 14 1 REALETT 6, HI
52 AMREARARTE Gy, ..., FHES B AMREAME IO
KR, Bootstrap Mt Gpee =D /B . 41

b=1
~ B .
Ot = >0 1B, TTLISRM S5 S50 )15 2% (bias) il
b=1
PR
Bais(6) = Ogor — 0 1)
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1 BN 4 K IERY Bootstrap J5 ¥ X% HEAL BIE J7 250 K

SR REEE 115

B
E(él: _élgoot)z
T (2

PUEES éBoot R zorar, AR T
Zoam () iHE S B EN W2 N, AF(2)
W FIR 7 2257 1 AR HE LR o X T 7 2253 s bR ifE 1R Ak
it, B Ht 50 & 200 K#HIANE S5 (Efron &
Tibshrani, 1986; Brennan, Harris, & Hanson, 1987),
Gao (1992) 75 %M1, B HX 500 5 HX 2000 &% 53k
AANE . AWEFET5 22 00 AniE iR Al T B (FE 2 k)
H 1000, HILHA =: —J& 1000 W RELRUEA T
EHE Bl 0 2007 B AA XK — R
1000, M PI#E G—, Frllikss 1000 K, —J&4 K
i HLEE A AL B 1000 IR AR .

Ak ik Bootstrap Jy ik 2 g fai s, (A2
Wfer k4T Bootstrap Jy ik FRHAAEAIZAN AT, X2
PR Sy %of 58 4= B AL A p><|ufr?—t?T§ﬁFﬂﬂh*i, AN [F]
A D7 i BORE AR W], AT RE S BOH A 0 S
THE (PR AER)A 5 . KL, TFEXT Bootstrap Jr
PR AR SR T B R, AL AR SRS R R A IE S
M TE HE W

f—, FRHMFESRNS . o2 5E e FEHLE pxi 3%
iF, AT AR S i p A, W AR 22 0,
A Bootstrap FHfIFE I, WAL Y Bootstrap
RIEA 10 Fh(Wiley, 2001), 4351J& boot-p. boot-i .
boot-pi. boot-pr. boot-ir, boot-pir. boot-effects,
boot-oneway . boot-individual F1 boot-main, Fij 7 F
PRI SR A B —" 1 FHRE SRS, 5 3 FhihAe
RS 2R B FA AR SR IS . Horh boot-p KR [
i v, A X p hAE; boot-i R E p Al r, X
ZEXE i e, Boot-pi F R [ERE r, X p M i[RI
FE: Boot-pr F/x[ElE i, X p A r filikE; boot-ir
FOREE p, HIEXT i Fl r fhAE; boot-pir /R % JEXT
p. i Al r [AlHhAE; Boot-effects F/m A HER ML P
KA BN FEAS B —F 7512 (Efron & Tibshrani,
1993; Wiley, 2001; Othman, 1995); boot-oneway J&
— ARSI, SORXTIE p M i BIREAS
MR AT B —" () REA AR SR MG, 20 boot-p Y
boot-i, {H AT HEZ boot-pi (Leucht & Simth, 1989),
boot-individual F/r*f p i/ boot-p, %I i f#H
boot-i, %I pi i /] boot-pi, T boot-main | Z&7~ %} p
1 pi 1] boot-p, Xt i ffif] boot-i (Othman, 1995).
Wiley (2001)ik N boot-effects X T A -1 i 54 A
TG, PRI R R A SR AR S e b A2 BRI . AR

Se(éBoot )=

% 85 2=l RE 1Y) JLFH 9K 1% (boot-pr . boot-ir , boot-pir)
o r B — N BEALI R

%5 ., KM IF (non-adjusted) 5 £ 1F (adjusted) 3
W o $%J:, X RS F AR, AR
BRI, FEEEREEAE, WheS B0y 20wt
A REGE N P — AR, X T LAY
pxi Wil &3 F 67 MR A 2 2R (Brennan,
Harris, & Hanson, 1987; Brennan, 2001; Brennan,
2007):

- Xi)(Xpir = X)

% = n; (n; 1),;,2{2 n—1 } &
Xp)(xp’i - )zp')

R e P

Brennan % AR A @) AR ()i 65 Fi
GEARTWOEAL, Fr B Y nid/NEE, Brennan 25 A
(1987). Leucht F1 Smith (1989)#{4i /i T Bootstrap
MIAEIE . Brennan 25 MM K, N T 45 -1
WEAL BRI J7 25 0 s Al T HE, 75224 boot-main HH [
G2 G5 AT LL ni(n-1), XF 67 Feld ki(k-1), 4%
BT AR IE . Leucht F1 Smith (1989)%5 i T LA T #i
/N

n -1.
& & boot) = aTU A (5
OA-AB,e(boot) = aT_l&iB,e (6)
A2 (B)A(6) H:5E 5 Brennan 55 A (1987) 7 LKL
IEREAG T 22 =

Brennan, Leucht #1 Othman 55 A 341\ 5 % 4k,
Ty 22 40 i A THAETE S A" ) Bootstrap B .
{HAZ, Wiley (200045 i T 52 2 REHLAY pxi i1 T 4%
FRARShAE S m B IR IE A S, B2 T X i,
RIS 05 22 4y A AN AE AR B A 1 0 o Wi 136,
WX ok Bootstrap Jr ik PR AR e s 4T 4 I,
T2 T A -4l A5 5 s S R 0% A A 1 22 40+
Wiley (2001) A 5¢ HA B H #2093 X, Wiley M
PRI b 4 o] Xk 5 b Pl A SR e A T A SO
iE . Wiley (2001)I\ A 7E5E A REHLAY pxi 1T, &
%% Bootstrap J7 I #EAT 7 22 43 S AN TN AR B
e SREms, ATy 22 4 i AR S i A AG THIE LA
[F T o Rk, 5 2RI A A IE 1) Bootstrap J7 vk AL
1ERY Bootstrap J5 i TAli 177 224 bR e 1R FI S
15 X 8] Z [ A7 76 1) 22 5] o AW 58 46 58 Fnele ik T
Wiley [ 5R, #—2 R H T 1E /) Bootstrap 75
KAl TR IR Ty 25 00 i AR S d



116 N B

EE ¢

45 4

TE Bootstrap 77, MELIRISTT 255 i BAR
DX Ml e 9 D7 i o B e o X 7 i T A
MBREA I Ge TR R s A AL, 10 10%09 737
s 90%) o1 B o AN AR REAE FH AL FEAS Y J7 22
VRO RN 5 Bty 22 4y s A THE L B4,
[FIRE A TE B, FRAT T mT LRI A A 10%58 90%
T3 2253 B 0P BER RS 5 iR 19 10%EE 90%
5 2500 ik o IR aF b J2:, T DAARAS B A5 X 1]
) ETF R, DAEROR BRI . XA FE ] LIAEan
T #iA(Efron, 1982): Xt FH@&FEANSiT=
[¥) 100(1-a)%E 15 X ], 56/ 6, T, H
Jr e FoR IR S8 0 W SEBR oA ARG TE
A SEBF A AR B PR T Gouay P oy »
IEH PE) < Oouiey =12, PGy) > Oppey =125
I, XFFHEAGE = ) 1000- o)% EAF X ], 7] LA
FTIRH 2 Ooway <O <Oy, XFITERRZ N E 3L
077 B (empirical percentile procedure), X T 77 2253
EAE X EAR T, BR T A RO RSN, AT DA
] Bootstrap-t. Bootstrap-BCa (Bias-Corrected and
Accelerated)F1 Bootstrap-ABC (Approximate Bootstrap
Confidence intervals) /5 & (Wiley, 2001, p. 30),

4 Bootstrap J7 ik 1y L #, —LbiE g
(Leucht & Smith, 1989; Othman, 1995; Brennan,
2001; Wiley, 2001)C 11: & 5, 4K Bootstrap 7%
DL — 3 B R EUE R T5 22 0 Al A Irdcs, (BAF
TELLT [R] 8

W—, RIWFEFHEXTTAIER Bootstrap 77 k&
RIS Ty 22 7 Al T, MR TR
. Wiley (2001)7F & 2| IE 1 Bootstrap J5 %X} T
J7 22 s Al v B A S A 1% (equivalence), X B AE
MM 26 B AE 45 B2 1E 1Y Bootstrap 5 Al 116 0y 22
SrEAY B, HEXHARK) 2 E0m TR
. SR, Wiley IYBFFEALZ HLEL 1 45 Bootstrap
FEWE, FVAT XL IE 1) 5 AR KL IE Y Bootstrap 77 1%
HAT AL

o, R AR BOE S EX R RS oA B
HEAT O L, R OO X A OIE B9 R OR AL OE Y
Bootstrap J7 % . Brennan. Leucht, Othman #i1 Wiley
N SE, IR 647 O i Z 18] 19 TE 4
PR T B3 A B o (B, R IR 8l BA
WOLE, —Se s, iR, Wi 08 14
g%, o I AT B s, — S0 B B BodlE,
Likert JEX P45, W 0~4 43, whJEZ W51 B4,
Bl 2 BRI AR TR 25 00 A B I 20 Tk Z [ Y LU,

WARAE

o=, SRR A AN TR AT . BOGIRIEK
5 (2009a) A Sy, B 43 A XF A AL B T 25 A i
A S Al T S, 5 Traditional . Jackknife
MCMC =F ik L, Bootstrap J7ikE A k)
SO AR, (HRIXFRYE R E S 7E Bootstrap i
IR 2 %2 K, boot-p. boot-pi. boot-i 5
W3R TE p. i pi BT 2 AR S AL SR,
boot-p. boot-pi . boot-i WA FH AL 1F 1Y 5 B i
MR HIARBEE R 708, RAE i — 2 e
AL

Riffi Bootstrap Jy i HA ik iy« B oAtk
HBEA % — MW, AL B T a0 fof {5
Bootstrap J7 k[, X} F Bootstrap [ boot-p.
boot-pi . boot-i M UAT He 4 T7 22 73 i bR R I
15 XG0 — A TR AT IR Ry 1)
&, Wiley (2001)ikh, ARKIER) Bootstrap 75k
K IEFY) Bootstrap JyiEfEAS S hrflith FAH Y . XA~
SEie MRS R, BRI, JFRA e X5 —
Fl Bootstrap WG HATIR AWFSR, T 2ME T HF 7
AR T 25 oy A e Al T B RS R Leds . L, @
TR R AMARGE, 7EZ R8T (A EAS S
. WA 20 A AU AS e AR, BEIE Y
Bootstrap J7 Ak TR L BRIS Ty 25 45 5 S HAR S
BT AR K IE R Bootstrap 7712 . 8% 8, BB
[ 55ds 5 A, AH HFARAR IE 1Y Bootstrap 77, £ IE
[ Bootstrap J7 it 5 X MEAL B 18 J7 25 43 e H AR
S A THA i .

2 HE
21 HUEE%

BT pxi WAL EE AR, B SRR IR A
P BN AR 7= 1 4P oA A o B S0 T {17
AR RRAE, PoA: SR A0 4G . IS0 A
IR I A RO A 3 A B
2.2 LbEHRE

B RE WIRP L hR il . — 27 2240 RARETR Al
TH B bR, e 227 (bias), TTE T KR
bias= (6 —60), 6 FRGHEFIAGHHE, 0 HSH,
i 22 1) 2 o B (FR A o o) i 227 )bk, R B AL T HE
S22 R OK, SRR g, 20 R
EAE KRS AR fE, 8090 15 X 1] A &%
R AU RHEIT 0.80, WAL AT AR (BOEI,
k&g, 2009b)



144 BOEH] 4. ALIER) Bootstrap Jr ik W HEALBRIE 7 22 - K H

AR ARG T R 117

23 HIA

A T H N R #44FF1 HyperbolicDist #4415 .
Bk Se R AR SR, F SR e R R Y . AT
H 4 ) RFEF, 724 1000 #E U A IR, B s
L Bootstrap J7 ik X} Jy 22 43t SOHAR SR A T
HyperbolicDist {44 i VE H7E T A BUIR AN — 22
JEE 18 D 28573 A 5040 o

3

31 AR HHENFENERE

SPIEZS . 0, 250 R A 0 iAo, 7
ST RAL IE (1) A A AL IE 1Y Bootstrap J5 i i boot-p.,
boot-i . boot-pi 5 WA 1 =4 5 25431 22 (AN 5=
1), i@t ARy 25 w22, W LA R[]
BRI T AR EAG T 2 iR RE2ZE

% 1 ve.p_bias. vc.i_bias. vc.pi_bias 4353
N E N EwWE . BEN T Z 0 EmE. N5
A H 22 HAE (R 455 22 ) 0 7 22 70 b 22 . adjust
1 non-adjust 43 71| 7R % 1E 1 AT A 1E 9 Bootstrap
J7¥ . boot-p. boot-i. boot-pi #7% Bootstrap 771
i =Fh3Ems . Normal . Dichotomous. Polytomous.,
Skewnessed 73 | R R IER AR . A . 243
Zi R R Y i L SR OB [ S
Bootstrap 75 ik TG 1 7 25y i 22, X b 25 &
FANTHE S S EEAME S A5 19, #lhn, 0.0289 %
7 R IE 25 43 A7 B0 88 45 A IE 9 Bootstrap 5 5 )
boot-p M Al 1114 )5 2253+ Sk 4.2089, ZH{H N
4.000, W53 FHIEE HI R 0.0289, 11, —0.0114 &R
X 1E 2543 A1 H0H 8 AR AL IE /Y Bootstrap  J7 i 1)

boot-p W& Al T I 2247 F 4 3.9886, ZAU(H N
4.000, P& HIEE RN A -0.0114, Hoe B
32 ARSHHBENAESEMERRE

MRS . I 2R A A BIUEE,
S IE ) AR AL 1E ) Bootstrap 73 i) boot-p.,
boot-i . boot-pi FEWEAL AT =N J7 224 B bR v TR R
ZnF 2). Wit LAY T 2200 T BRHE R 22,
A LU AN TR 55 2 A R AS IRl 7 Al 1 O 22 4 i
PrufEiR i PERE2E 5

% 2 " SE (vc.p)_bias. SE (vc.i)_bias. SE
(ve.pi)_bias 73 536 N0 5 22 57 i bRl 158 25 . A
Hor 2o mbrfiiRm 2 . A58 H 2 BAEH (R
IR 0 bR iR i 22 . FLEmREREE 1.
BN, —0.0192 & R Xt 1E 25 43 A1 B8 1 FH A A2 1 1)
Bootstrap J7i% ) boot-p FM& Ak 197 22 5 F b i
oA 1.0095, ZH{E N 1.0287, Wi HIWS BN
-0.0192, H-g Kl
33 ARASHEBENAZENEEEXEEEE

MIEAS . I IR A A BEOE,
S IE AR A 1E () Bootstrap 73 i) boot-p.,
boot-i . boot-pi FWEAL AT =~ TJ7 2245 B A X [
FERNEE 3). @it BRI H T Z0m BiEIX
(6L 3, AT LUE AN RO 70 A N AS R 7 Ak v
J5 20 i AR X R AR 22 5 .

% 31 Cl (ve.p). Cl (vc.i). Cl (ve.pi)srHlEn
AW 2 EE X AR, BEN T E 0w E
fE X EE SR N S8 HZBAEH (BiE%R2E)M
ZormEEXEEE R, HEMERE 1. 4,
0.769 /R X 1E 25 731 Bl i FH AR AL IE ) Bootstrap

£1 TRHFHEIE Bootstrap FEEITHIAEN EBRE

vc.p_bias vc.i_bias ve.pi_bias
adjust non-adjust adjust non-adjust adjust non-adjust

Normal boot-p 0.0289 -0.0114 0.0855 0.7250 -0.0493 —0.6888
boot-i 0.0291 3.2265 0.0788 -0.7252 -0.0518 —3.2493

boot-pi 0.0310 3.1563 0.0830 -0.1134 -0.0490 —-3.8545

Dichotomous boot-p 0.0000 —0.0001 0.0000 0.0002 —0.0001 —0.0026
boot-i 0.0001 0.0174 0.0000 —0.0001 —0.0001 —-0.0126

boot-pi 0.0001 0.0171 0.0000 0.0000 —-0.0001 —-0.0150

Polytomous boot-p  -0.0032 -0.0082 —-0.0051 0.0070 —-0.0011 —-0.0131
boot-i —-0.0032 0.0571 -0.0053 -0.0162 -0.0010 -0.0613

boot-pi  —0.0032 0.0516 -0.0053 -0.0047 -0.0010 -0.0728

Skewnessed boot-p  —0.0068 —-0.0234 0.0208 0.0374 —0.0033 —0.0199
boot-i —0.0069 0.0587 0.0212 0.0373 —-0.0033 -0.1019

boot-pi  -0.0068 0.0587 0.0212 -0.0477 -0.0033 -0.1020
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% 45 &

£ 2 AR #HEIE Bootstrap A iE AT A EN B EIRRE

o SE (vc.p)_bias SE (vc.i)_bias SE (vc.pi)_bias
adjust non-adjust adjust non-adjust adjust non-adjust
Normal boot-p  -0.0192 -0.0293 -3.9095 -3.9099 -0.0172 -0.0379
boot-i 0.4687 0.4204 —0.4488 —-0.6963 0.0935 0.2082
boot-pi 1.0676 1.0024 —-0.0023 -0.2720 1.6159 1.3956
Dichotomous  boot-p  -0.0002  —0.0002 —-0.0004 -0.0004 —0.0055 —0.0056
boot-i 0.0035 0.0033 0.0001 0.0001 0.0001 -0.0004
boot-pi  0.0059 0.0055 0.0000 0.0000 0.0022 0.0015
Polytomous boot-p  -0.0025 -0.0035 -0.1670 -0.1670 0.0000 —0.0003
boot-i  —-0.0660 —0.0666 —-0.0423 —-0.0497 0.0048 0.0028
boot-pi  0.0115 0.0101 —-0.0377 —0.0453 0.0289 0.0251
Skewnessed  boot-p  —0.0366  —0.0399 —-0.7381 -0.7381 -0.0010 -0.0018
boot-i  -0.2913 -0.2918 —-0.1755 -0.2074 0.0000 -0.0041
boot-pi  -0.0179 -0.0215 —-0.1651 -0.1975 0.0561 0.0479
F 3 AR HEIE Bootstrap FEMITHAZENEEFXEHERE
e ClI (vc.p) Cl (vc.i) ClI (vc.pi)
adjust  non-adjust adjust non-adjust adjust non-adjust
Normal boot-p  0.769 0.768 0.289 0.299 0.803 0.782
boot-i  0.918 0.056 0.763 0.728 0.847 0.400
boot-pi  0.988 0.209 0.799 0.790 0.970 0.617
Dichotomous  boot-p  0.768 0.765 0.391 0.396 0.470 0.469
boot-i 0.964 0.006 0.771 0.747 0.799 0.485
boot-pi  0.997 0.049 0.817 0.846 0.888 0.485
Polytomous  boot-p  0.783 0.783 0.210 0.259 0.783 0.752
boot-i  0.372 0.306 0.666 0.679 0.838 0.358
boot-pi  0.836 0.795 0.671 0.671 0.980 0.539
Skewnessed  boot-p  0.737 0.742 0.088 0.087 0.808 0.783
boot-i 0.219 0.242 0.663 0.641 0.812 0.535
boot-pi  0.767 0.786 0.672 0.651 0.958 0.779

JiEH boot-p SRBEAL Ty 22 4 BAR X [ 407
R, e MUmRE. 115 80%E (5 X [ & A I
B L HIWT S BUE B V% A 10%3] 90% 1 337 i
X R T 224 e 2 0], WSRO, A YR
1, BJEIEIEAR B, BRI 1000, BN
e E AL %,

4 SHTS IR

41 AESHEEMAESERED
RAEFR 1 PUFh s 1 4l Bootstrap 772 i
boot-p. boot-i . boot-pi HMEALTT = A7 2550
22, A RAE BT A w22 D, &l 1@)~(d)Is .
M L@ LA, X FIERS i ddE, A
W7 225 i w22 b, AR B IE 1) boot-pi 1 boot-i $ M

i 2243 5 3.2265 1 3.1563, AHXTHEA, it B A,
RIIER) boot-p M i 25 47-0.0114, FHXTEL/], JL
SEAET AR, A% IE AY boot-p . boot-i . boot-pi 5 % fii
#5518 0.0289. 0.0291, 0.0310, FHXF# /N, 7
BH B 22w ZE b, RRIER) boot-pi 3 1 ff
ZAINTEL /N, KA TE B boot-i Fi1 boot-p 5 W& s 22 41
XFECR, BIER boot-p. boot-i . boot-pi S fi 2
XN o FEN 58 H 52 BAEH (B 45 5% 22) 1 7 22
Sy ZE I, RHIIEARY boot-p. boot-i . boot-pi 5
i 22 X8R, 12 1E B boot-p.. boot-i . boot-pi %
T ZE AR /N o T ()20 Br Al 8, b T F 24543
1%, #IERY Bootstrap J5 4% Fh S Mg A1) 22
SRR, RS R EACENET, X5 Wiley
(2001) 45—
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bias

4 +—ve.p_bias
+ + —o—vce.i_bias
——ve.pi_bias
2
oy
bpi bpia bia bpa
_2_
_4_
method
(a) Normal
0.02r +—ve.p_bias
* * . .
—o—vc.i_bias
——ve.pi_bias
0.01F
£ 0.00— . . > .
bpi bi bpia bia bpa
—0.01F
-0.02"
method

(b) Dichotomous

bias

A S Al T 119
0.08¢ +ve.p_bias
. —s—vc.i_bias
—+—vce.pi_bias
0.04}
0.00
—0.04¢
-0.08"
method
(¢) Polytomous
0.087 +—ve.p_bias

—o—vc.i_bias
0.00 ¥ 5

bpi bi bpia bia bpa
-0.04

-0.08}

-0.12
method

(d) Skewnessed

Bl 1 GES. ZI. 2R S 5310 55 Bootstrap Jr Ak T Jr 22 43 i 22 1]
. bpi %7~ boot-pi, bi &7~ boot-i, bp %7~ boot-p, bpia %7~ boot-piadj, bia %7~ boot-iadj, bpa %7~ boot-padi .

M 1(b)rT LAE Y, XFF 25 5diE, EA
M7 2557 f 25 L, RALIERY boot-p . boot-i .
boot-pi % W& 5 22 41 hE i 25 A LK, KCIE R
boot-p ., boot-i . boot-pi T M 5 2243 & i 7= FH XT8N o
TEEH W T 25 5y 7w 22 b, BETE /9 TR KL OE 1)
boot-p. boot-i . boot-pi %l J7 2= 51 i 25 AH >4, A
XN, TN BE 28 BAE (B 46 5% 22 ) 1 7 2541
W2 I, ®IER boot-p. boot-i . boot-pi 5 W& J7
SriARZE MK, #IER boot-p. boot-i. boot-pi
TR AN 25 FH XA /N o

M )T LAE th, X T 250050 i ¥, Hig
B 2% K 1),

M 1(d)rT AE ), X PR amEdE, EA
M7 22557 f 25 L, RALIERY boot-p . boot-i .
boot-pi % W& 5 22 41 hE i 25 A LK, KCIE R
boot-p ., boot-i , boot-pi T M 5 2243 & i 7= FH XT8N o
e H 7 2 mim 2 b, RECIER boot-pi T H§
7 57 e m ZE XK, RALIERY boot-p A1 boot-i
WG 2= EAwZE A Y, R IERY boot-p. boot-i
boot-pi T W& J7 22 41 1 i 2= AH Y, R Wiley
(2001) 2 Hi A S Pk o (HR, (HASTEE RIS, W2

JW AL, X5 1@~(Cc)4RA—5, X
U BH E5CHR 1  h AA M 2 5 B 1Y T 22 43 Al T
K, X2 — 2e 5% K i B Y Hh 5 (Othman,
1995; Wiley, 2001; Tong & Brennan, 2007), X} b
ERFI AR IE /) boot-p. boot-i . boot-pi 7£81 H |
W75 &0y wim2s, siEAR/ N T eE . TENS-HE
ZHAR (BAEGR22)0 Jr 22 1w 22 b, REER)
boot-p. boot-i . boot-pi 5 W& 25 FHXTFE K, FEIE
boot-p. boot-i . boot-pi W& /7 e 22 A X 4 /N
42 ARSHHEEFEHNHESERERBEDSH

AR 2 UFh s> Ai #dl: Bootstrap 771 1Y
boot-p. boot-i . boot-pi 5 BEAL 1T = A~ T7 25 4 A%
R R 2 A T X AEAC Y t K5, boot-p. boot-i
boot-pi FE % £ A 12 X ds, X AR EILA 36 X4,
XX 36 XTEHEHEAT t K (KRS, TREEF, 2004),
ZEIR N t=2.021, p=0.051, #2257 & PEAS 56 A1
PEABE AL T 11 2% 2. 3 7K F-(0.050 < p < 0.100), M &
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Abstract

Bootstrap is a returned re-sampling method used to estimate the variance component and their variability.
Adjusted bootstrap method was used by Wiley in pxi design for normal data in 2001. However, Wiley did not
compare the difference between adjusted method and unadjusted method when estimating the variability.

To expand Wiley’s 2001 study, our study applied Monte Carlo method to simulate four distribution data.
The aim of simulation is to explore the effects of four different estimation methods when estimating the
variability of estimated variance components for generalizability theory. The four distribution data are normal
distribution data, dichotomous distribution data, polytomous distribution data and skewed distribution data. It is
common that researchers focus on normal distribution data and neglect non-normal distribution data, yet
non-normal distribution data could always be seen in tests such as TOEFL and GRE. There are several methods
to estimate the variability of variance components, including traditional, bootstrap, jackknife and Markov Chain
Monte Carlo (MCMC). Former research by Li and Zhang (2009) shows that bootstrap method is significantly
better than traditional, jackknife, and MCMC methods in estimating the variability for four distribution data.
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Bootstrap method has superior cross-distribution quality when estimating the variability of estimated variance
components. Li and Zhang (2009) also suggest that bootstrap method should be adopted with a
“divide-and-conquer” strategy to obtain good estimated standard error and estimated confidence interval and the
criteria of such strategy should be set to: boot-p for person, boot-pi for item, and boot-i for person and item.
However, it is unclear that which of the bootstrap methods (adjusted and unadjusted) is better for boot-p, boot-pi,
and boot-i. Therefore, our study intends to probe into this comparison as well.

This aim of the study is to explore whether adjusted bootstrap method is superior to unadjusted method in
improving the estimation of variance components and their variability relative for generalizability theory. The
simulation is implemented in R statistical programming environment. To simulate skewed data, HyperbolicDist
package is used. Some criteria are set to compare the four methods. The bias is considered when variance
components and their standard errors are estimated. The smaller the absolute bias is, the more reliable the result
is. The criterion of confidence intervalsis “80% interval coverage’. If the “80% interval coverage” is closer to
0.80, the confidence interval is more reliable.

The results indicate that for four distribution data, adjusted bootstrap method is superior to unadjusted
bootstrap method whether in point estimation of variance components or in variability estimation of variance
components. For its improvement of the estimation of variance components and their variability for
generalizability theory, adjusted bootstrap should be adopted as soon as possible.

Key words Generalizability Theory; Bootstrap method; Variance component; variability of estimated variance
components; Monte Carlo simulation



