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PSYCHOLOGICAL EXPLORATION

WEALRIE )7 2 1 B LA S A U B A A B

AR REE X H

(HE RIS RS B B, )M 510631)

B EALERNERT S ELBERA LR ERHNERE, RABBARLG T, ER
Traditional #% \Jackknife 3% | Bootstrap 3k F= MCMC %72 p xixh Fo p X (i:h)2 0 &% i o B 5
ZH ERARELSHARBBELEETHEAN, EREF (DA TR ERLETFT E5F;
()it 24 B ARREFE N, FHIEESH A, Traditional 3 & 4, 4F £ & 47 &F Bootstrap 3 &
s (3437 249809 90% F 15 X 9 i, Bootstrap (kL E R B 0 69 4B T AINAE 25 5 %5
WE@RF B RR, H0RW, ZHFEEEESHH, BBGLA Traditional 3% ; ZHEEHEESHH,

#30:% A Bootstrap ik,

KW AL, F £ 58 M B A

FES %S :BR41.2 MERARIRES A
1 5|5

WEAL B35 ( Generalizability Theory, GT) & —Ff
M RAT A Al RN IS, 1B SRS
iR, BT AT L HIE Ry 25317 (Analysis of Vari-
ance, ANOVA) (¥ JEAR, 43R 22 73k 2 4% 100 T e G
ZEAEF, SR a8 L 1 0 T R KT B LA B T 2
] ROC R , B ARAL YT S e S8 4L, ek
RARHMKIE . B TIE /Al 2R 22 0 T g,
WAL B 38 78 52 B b Bk B2 B 25 3 A 58 (Karami,
2012 ; Kellermargulis, Mercer, & Thomas, 2015 ; Lin,
2017) (O3 8643 #7 ( Jiang & Raymond ,2018 ; Man-
tzicopoulos , French , & Patrick ,2018) | Z 21 FH) ( Cas-
abianca, Lockwood , & Mccaffrey, 2015 ; Meyer, Liu, &
Mashbum, 2014 ) & A 7 i 3 ( Nalbantoglu Yilmaz,
2017 ;2= 1] BH, 2015 ; e #, X5, X BEAm , Wi RE S,
2015) %577 H

SRR AR R I R AR 22 M SCBRE T 07 22 R
waftiit. R, BIRE BRI — RV EMT T
2ehri NHAE R R, N B2 12 Traditional 2,
MRS F R TBCIL SsthiH F & BINE
{2 X [A] ( Burdick & Graybill, 1992 ; Ting, Burdick,
Graybill , Jeyaratnam , & Lu,1990) , {Hf# [ Traditional
DR BB IR A2 T0 IE 78 434 ( Brennan , 2001 ;
Searle, Casella, & Mcculloch,1992) ., & #F3E# X 5]
AT HAIES B F B, W Jackknife 32, Bootstrap
2 MCMC i, BT R Z AL 72T A7 25X 0 81
RN B 7 A AT ET SR AR I

R T RGO E R, IR EH#HT T &
FIREIUIIST . Brennan . Harris 1 Hanson( 1987 ) £+
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WAL p x i 1T, B3 T Traditional ¥ Jackknife
B F1 Bootstrap ¥R, 45 R K, Jackknife 78
B AR Z I A b IRIE , Traditional F54X
TEIEZS /A 1R R AT, Bootstrap V5 W I, T %
FRVNE . ZIFFRANE IR T IE& 510 A I 4010 W
FIECE S AY | e — 39370 BT 2 A SR BCHE Hh
B, THARBEAE ™ A2 . Othman (1995 ) 2T AR AL
p xi it b3 T Traditional 773 F1 Bootstrap J7 1
MR, 4R BR, TEIES M BIEHL T, Tradition-
al FFEERRILE T Bootstrap J7 ¥k, fA2E 354310 1Y
FOT , A RBER G k. AT, 2R S
T AR AR JT 220 B R B ATACE, B TRUE
RECHRBRBTREL, X AR B T kA s e 42
I E RGN, Wiley (2001) X bt T %r IE Y Bootstrap
25 Traditional IR, KM ESF BT, E
24 B AG 1T |, Traditional ¥ 5 %F IE B Bootstrap
BRI , (BAEXT R AR E R B A X AT |k,
Traditional ¥ B4, AR5 & THEALEIE p x i %
T, B R T IES4 A D4 e (Bl T 234
THE & SR B , Tk 5 B H# AT LK, Mao,
Shine F1 Brennan(2005) 3£ FHEALH S p x ¢ #iTEL
3T Traditional :H MCMC 3£ R, & BAE IR
AR TESL T, Traditional 3£ F#1 MCMC ¥R 5 43
BKZE . ZWFFRAE IR T IE& 510 A I 4010 W
FEEESSEL, Hoh 0 AR R N R EH B
Fh R . BOGHA (2010) RGBT ABFIE, XL T
Traditional 7 | Jackknife ¥, Bootstrap 15 F1 MCMC 3
MIFRIL, I\ Bootstrap ;R Bl A%, B A ¥4 A 1Y
FUEME. IR BT #HS p < i, I A
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Jackknife 54 i Jack — p.Jack —1i FiI Jack — pi 3%
W SRAEAETHAE R, SR XMME AT A B, ok 51T
AFFEXT4E ( Brennan et al. ,1987 ;Feng,2002)

Bl ALY SCRR, B 77 22 40 B AT 5 i A7
TELLT RFRPE:

(1) SRR S, 8 T 7 R AL TS
Sy ] A B IE AS B R, B 58 2 2 R TR
T8 5842 38 X R Tl & W M 7 ik £ 1 11 ( Clayson &
Miller, 2016 ; Medvedev, Krigeloh , Narayanan , & Sieg-
ert,2017) , TR 28 ARSI 52 U £ wp 5035 0 T
Wite BUMITE 6 & B M T B8 22, T 22 R 3 56
REME L, SHAEHROXE RS R R K, BT AT
AT i BB Y, A8 T 20U T i
B REAAEIRZE . BRI, TR B AT R, i — 2P
BRI UE Rt T 2 e R HERE
fhits

(2) RERGMELAURF AL By — B P AP A 117
¥ (Luecht & Smith, 1989 ; Mao et al. ,2005 ; Moore,
2010 ; Othman, 1995 ; Tong & Brennan, 2007 ; Wiley,
2001) , R/ Z R T R I R G LU ER, I, B 2
TR [ BN S 1, W] R B A 18 22 B Al
HITERRN,

() XM EHEAF BTN K ZEBIERIE
R, B2 X E A X H B 3] (Feng, 2002 ; Mao et
al. ,2005;Tong & Brennan,2007 ), AR IEH,
T 22 1 B IR AT F 43 A JC 5 8 5E ( Searle, 1971;
Searle et al. ,1992) , fR7F A B & — A~ FEXJ FR 43 77
(Moore,2010) , B tt, AR & I 2 4> E W B HEIR D
ARG 20BN, FEH PR T =
SrE R ERER AT

25 b A SO A A U D R 3 (p x i x B
Alp x [i:h]Bt) JHFEAR A (RS . 2 20
PR AT & T, L% Traditional ¥ . Jackknife
12: \Bootstrap {1 MCMC 36534 J 22 4 & K HAr i iR
FEE X MG HERE
2 IERMAE

BHHEEET pxixh M px (i:h) it AR
R A BUE A3 oA BT A AR A
G370 B & 1000 #EHUE . %17 A SCHR (Tong &
Brennan 2007 ; 2256 HH ,2010) ,p.i A =0 I 7K
EHA A E S 100,204, SRS, H G TS
Traditional ¥ . Jackknife ¥:. Bootstrap 5 #1 MCMC
2, A T — B T 25 4 &, AR E IR B

0% BIEX A, 58 LHFKF JAGS 84 . R 8
DA B EH ) R2jags . coda F11 HyperbolicDist 4K {444,
HoA, JAGS 84 F F 523 MCMC #:, HyperbolicDist
BT RS EE

2.1 HIPBAER

BB TEAE . BB Ak A2 TLIERS 77
i, p xixh #M p x (i:h) BT LS 280 LASY
AT AREFRR:

X =0'(P)Zp +o(i)z, +o(h)z, +0'(Pi)zpi to
(ph)zph +oa(ih)z, +0'(Pih)zpih (1)
X,pn=0(p)z, +o(h)z, +o(ph)z, +o(i:h)
Zih +0-(pi:h)zpi;h (2)

HH 2, 2,2, 32,2y 25, FH 2, 3R 0 SL B AL Y
WEIES AT, 0(p) o (i) \o (k) o (pi) \o(ph) .o
(ih) Fil o (pih) R J5 BB SEE.

W BAE. AT pxixh M px(izh) ik
T, M A () AR (2) B 70 4L
2R SE P /NTET 1 MER O, RN 1, X
BRAS B T PR T B U A B

UG BUTESSAN, 205700
BART] DGR T 5 A etk B makiS. p
xixh B p x (i:h) BT M43 200] LA 43 5]
AT HERF ARG

X, =B(2,0.7966) + B(1,0.8570) + B(1,
0.98785) +B(2,0.7313) + B(1,0.98579) + B(1,
0.9975) +B(2,0.8025) (3)
X, =B(1,0.713) +B(1,0.843) +B(1,0.93)
+B(2,0.713) +B(5,0.63) (4)

TS EAE . pxixh B p x (i:h) BT
LI 43 BORT A2 B TE P S AR 345

X, =GH(p) +GH(i) + GH(h) + GH(pi) + GH
(ph) + GH(ih) + GH(pih) (5)

X, =GH(p) +GH(h) + GH(ph) + GH(i:h) +
GH(pi:h) (6)

oA, GH ) WUl 2k 4 7 ( Generalized Hy-
perbolic Distribution, GH) , 22 225 HH (2010) ik E
A=1,u=05=1,0=3,8= -2,

ZAA B8 B SR ST B 458 1, B
BE—EmMENE, AEEZNEERESE WL
FrAH AF, A AT #HEL X B, &% Tong Fl Brennan
(2007) , F 5 BRI ERNSHE R E R 1.8
2 iR



FAOBHSW

B  MHEES T 2 B RIS AT A AR S

433

F1 pxixhiGITHHFESEFRAIRIEE

AT Ter P i h 23 ph ih pih
— FESHE 16.0000  4.0000 1.0000 64.0000  2.0000  3.0000 144.0000
AR 3. 0662 1.8774  0.9970  3.3305  0.7670  0.8321 2.7110
e FE4E 0.0108 0.0027  0.0007  0.0448  0.0014  0.0020  0.1870
; PRYER 0.0021 0.0013 0. 0007 0. 0030 0. 0009 0. 0007 0.0034
e FESE  0.3244  0.1225  0.0119  0.3929  0.0141 0.0025  0.3170
PRYER 0. 0509 0.0577 0.0536 0.0142 0. 0062 0. 0057 0. 0062
. ﬁ%ﬁj\ﬁ 1.6605 1.6669 1.6491 1.6601 1.6614 1.6559 1.6609
PRYER 0.4210  0.9189 1.9915 0.0899  0.1985  0.4316  0.0443

£2 px (it W) IFTHAESEMIRAERIZE
N TE p h ph ih pith

A ﬁ?ﬁgﬁi 16. 0000 1. 0000 2.0000 7.0000  208. 0000

AR 2.7268 1.2058 1.0367 1.4734 3.3912

— s HESE 0.0109 0.0007 0.0013 0.0047 0.2317

FRAEiR 0.0019 0. 0009 0.0011 0.0011 0.0025

oo HESE 0.2050 0.1308 0.0651 0.4099 1.1656

) FRAER 0.0252 0.1502 0.0144 0.0592 0.0174

e HESR 1.6628 1.6640 1. 6609 1.6524 1.6599

FRAER 0.4059 1.9610 0.1951 0.4001 0. 0401

2.2 Bootstrap JhHE R k-

Bootstrap ¥ 7] LA A [7] B {00 T 25 2 M T ) 4 &
PEATEHIRE . BRAS SCH BB T 352 1, BT BB M
FERIGILA 7 F: Boot — p.Boot — i, Boot — h,Boot —
pi.Boot — ph, Boot — ih Fl Boot — pih, &I IE,

TR RGBT 20 Bt —BUK , (AR HER
MEEX AR ZERA BRE . ALSE% Tong Ml
Brennan(2007) %518 , S FEm PUARME AT A5 R 14
&, Bk 3 s,

R3 HESFSELRER Bootstrap FILHEE R M

pxixhi&iT

FrE T a'z(p) o (i) o (k) a'z(pi) a'z(ph) o’ (ih) o’ (pih)
KRS Boot-p Boot -1 Boot - h Boot —p Boot —p Boot -1 Boot —p
px (ith)iEi
TESE o (p) o (h) o (ph) o (ith) & (pih)
KRS Boot-p Boot - h Boot —p Boot -1 Boot —p
2.3 MCMC s£35H FGBHGE 0. 9 FRIIMTHERUHER .
B MCMC R BN AT 208 o 3 SREDH
BERWA N RIRIP ST A MR, R 3.1 A EaEWE

=1/¢" R\ Gamma 4375 ( Mao et al. ,2005) , H |
TERSEE R 2, BN RSE KT 1 14346k
Eo REZHEE N Traditional ¥ A1/ Jy 2 4
21H.
2.4 hEEAFAE
AFEZMT WS EEZ A B2 RAR K, HXT
ZH /> kb ( Relative Percentage Bias, RPB, 31+3& V7,
(6 -6)/0,3r 0 F1 6 435 S E T E i HHE
MEHE) AT #ES55HERIE, |IRPB &R
0, KRIMEHHES ., BTEFXRBIMNSHETLES
MR B R RREE S F X AT R E e B

ENRET HESER RPB UIE 1 fin, 4
RKEZHE B RPB # LB/, AUA 2 B0IR i 15 100 |
RPB [ K, F FL3X 2617 50 38 7 S BUEEAR /D, BUE
BN N T BRI RIS, XT
FESENIRPBIFT 4(FHRERL ER . "I £
W R34 ) x 4 (fili 715 : Traditional ¥ | Jack-
knife ¥ | Bootstrap 3, MCMC &) I R % 7 =4
Mro G5F BIR, BIERE M ERMN A BE (F(3,
176) =2.528,p >0.05) A& 1] 7 B ERON A L E
(F(3,176) =2.312,p >0.05) ,FiE B M3z GA4EH
AR E(F(9,176) =0.539,p>0.05) , BnFE
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S EPETHEARIAGTT T EU LR KA ERK AER.
I —— .............
& ;
;uﬂ.:ﬂl»ﬂ 12 + + m
E 3 =@ Traditionat
?é - Jackknite
ﬁ -l Bootstrap
& 0.0 -+ MCMC
bl
=

o
2
8

-0.05

&
&

1 FEHSEHHEMBEESE

3.2 FESEHRAERGMET
BT H Z 0 BAREIRK RPB & 2 i
/RN Traditional I ZEBE IE S AR B , 46—
T 5347 B O v AT, {EFE 23543 A Fm 25 43 4 i) | RPB
| R @3 K, T Bootstrap 1L R BRI, L IE R AR
AT 53 A B RIS Traditional 4 A4H 4, 76 £ T 43

o

i AR A 530 B | RPB | WA X HoAth 5 388/, R
H & A e E M, Jackknife 325 Fi1 Bootstrap ¥5 1)
PrekaRm —8E, B2 | RPB | R/ R 4318
AL b Bootstrap ik, MCMC B3 BUFE#, | RPBI
o RED

o
°

RS ERERWESHRES S

<3

ik
P N &
R o @ & & e Taditiona
&£ & £ £ £ L &
& Jackknife
& Bootstrap
—+ McMmc

XN
&

2 FESERAERNBEMEERSL

RTINS N T E S B
FRUEER K | RPB AT 4 (BB R B ER . 0. £
I ARE AT x4 (451 5 Traditional £ | Jack-
knife ¥, Bootstrap 3. MCMC &) WF N R &40
o GERB/R,BHERBIN FRN BE (F(3,176)

=15.744,p <0.05,7,> =0.212) i F ER T
P E (F(3,176) =16.824,p < 0.05, 9, =
0.223) ,BE R MR BEAERATEE(F(9,176) =
2.761,p <0.05,7,” =0.124) , FRIF—HIHFTH
BN ST, I 3 TR . B 2 IEAS ST BT, Tra-
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ditional K IUE A , HoAl A T Bootstrap 8z i

R

K

fing

E

g v e Traditional
g —e— Tackknife
® ok Hootstrap
;‘;g == MCMC
E3

i

EXST

ZWAw  BWMATH™  RELTH

B3 FEGTHEMBIERETHENBIFAIR
| RPB| B9 18] B3 K7 43 1
3.3 FEH» T 0% B4R E4EH
AT 2508 D AR HER AT, B A5 X [H
BT EINA S , 5 50 BB R hE . &%
THESE 0% BEXEKBERERUE 4 Fin.
MR, IE 240 A 040 A ) B X R T2

BT 205310 AR A 5375 o Traditional 325 7€ IE & 43
A7 FA 3537 B 2 BB B, HE 22 T 40 AR AR 2% 0 AR
IR MA 72, Jackknife 3 F1 Bootstrap 32 X} 43 15 &
AU, 1 X LA Bootstrap PiBE L. H X B Fh 7 vk
BoZ AR RN, X o’ (h) F1 o’ (ik) WEE
X [ 78 2 AR Ad . MCMC Rk, AE X HoAh 7
BEARGEETR,

R TSR AR RIS, N =R
90% B A X [ 78 7 % 1 | RPB | i AT 4 (B4R 258 IE
B I AR ) x4 (fhT 2 : Traditional
¥ Jackknife ¥ Bootstrap 15 MCMC 1) W R &5
Zr1T. SR BN, PRI B EH B E (F(3,
176) =11.724 ,p <0.05, np2 =0.167) ,fhi+ HFEH
EMNABE(F(3,176) =0.357,p>0.05) , W&
B L HAEAARE (F(9,176) =0.373,p >
0.05) , B & 15 X i i F 2 H R 25
AL, AR IS ALY B AE X R i R L E SR
WA BRI , AR ARSI A6, BT

1.0

09

08

07

0.8

05

o L g T e N NN g L

0.3
%O.Z
m(M
EDO
= S o O QS \.\av\\-@m
xI NP RSN N 6@&\ & & & & e Tradton
bl A A e e &8 & Jackknife
@ - Bootstrap
8 =+ MCMC
mLO-
mog

0.8

0.7

0.8

05

04

0.2

0.2 0.2 02 0.2

0.1 01 01 0.1

P SN S BRI SRS S 0.0 L P S SIS SR B A S P SN SN BRI SRS S

L o & oo O L & & o L & & O Qo & & &
¥ o & §4 & & 5§ = € ¥ (?4 o &
N
B4 FEFEINEFRANEEER
Y =, = N
05 e RR SR AR THR AR . RRRIELR IR
-, LY Y . v
4 g 7 , Bootstrap 5 (¥4 #5-L F i A R W% 14 RE A8 vE A 16

A SR AT 5 5 1, SR AL B X
) 1 5% 11 3% B Traditional 3% . Jackknife 3% . Boot-
strap {2 F1 MCMC &5 T PUR S B HAR BT, 17 2253
B RERERY ., SR BRI ESA T
4, BLZARE S PRIE Lk B S E Al 117 s o
4.1 FEZ45 41

587 ABFFT —3 ( Brennan et al. , 1987 ; Mao et
al. ,2005 ; Moore 2010 ; Tong & Brennan,2007 ) , AN

BRI, WA kB ER i T O 200 &,

AT 208, H—UGE] T Wiley (2001) LA
Jt Tong # Brennan (2004) 32 H & EA KA
Rt
4.2 FEyENFERMET

AR B IR R R BEEE R, N8R
NIEZASS A7 B}, Traditional 1 38 &% {1, Bootstrap 2=
IR 2, T2 H Ath = 20 4 T $ LA Bootstrap ¥ 3R Bl
o

SRS R 3, Traditional F7EEER N IERS
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T RIUELF , EE I =F T RT3
R AR ZIEES D ARE, BB TEH R £
JCIEZS /3 ( Brennan ,2001) . 0434 bR HE R A
HERGMAMRAT 2B FHR P, Tradi-
tional EZE "I BT R I AT, 28015 | RPB | %
/N, T Brennan 2£(1987) F1 Othman ( 1995 ) [RHF 55 4
B, Traditional YE7E — A5 LRI E ., X HR
F&H A, Brennan & (1987 ) [WF5E W43 10 FH A
RAUSEE , Othman (1995 ) BAF5E o — 3404 B AR
RS BR T E4BEN THIE , X BEE
JE R EEA AR MAh, X R ITERE A
T pxi Wit IF A B mmprs . Hik, i3
A B EKREERARR#E SR, MCMC ikYS
Traditional BRI, 25 Z B R ITB AW
Mao %2005 ) BRI A R EEIE, — T RERY
R R RARAE IR 370 B, 3 BSO8R 2
TCIEZS M TR AL s ¥ 45 S 2 A 4 e T
G934 o

Bootstrap YATE fili 71 SE (h) Wy 28 55 i Bl 3h,
Jackknife Y5t A LRI, IF HIKSIE K, Tong
I Brennan (2007 ) FEWF5T Bootstrap 12 fi I [E14E &
AL SE(h) MR ZETE K, I BiX MR 2546 n, =2
HNE] n, =4 PHEHESIA . W] RRMIE K BOR >
X PR BRI R AR B R 2= R A
4.3 F E45F6790% EAz K&+

SR FEGFXREMMATSERAREE,HEE
fEX MG SRR — 8, ERa . 2
AT G R T 205540 MR S 2 A, 3FH
Traditional ¥ MCMC B (¥4 11 5 52 218005 73 1 TE
BHIF N, Jackknife 155 i 26 4R 5 Bootstrap
L, K HR 4315 ML Bootstrap % 58 4, {H Bootstrap
12:5 3 BT 7K 28922 me , 70T K SE B/
Bl o (h) 1 o (ih) KB X8, TR &7 %
AR B AL . Moore (2010 ) Y BFF 57t A 25 0L Y 25
Ro XARERM T E a0 EEXIE M ERIER,
MNTE 7K B Ak, g, h WTEACE 4 S KF,
HEAT Bootstrap fAER A C; FpA] RERYIE 1L, AR X
T 999 EMAE R UL RAR D, H L, ZEHE T Mt
BERBARR ZERE N EZ08, XA RE MK
F-H5 M Bootstrap 15 B (5 X EE TR , BAAT
BOKFEGRBIZ /D i G R AR R #E— D]
5 &g

HTF pxixh Ffpx (i:h)2 FhBEZT, L
JOERS W W A RS A 4 FEEE R
HEHIPFST B 7 i, B 1) Traditional 3. Jackknife 3.
Bootstrap % fil MCMC 3L 7E Al i+ AL EIS ik b &
KMH S REEHENRI, LSS

() 4575 £ 4 B W, Traditional 3. Jackknife
12\ Bootstrap % Fl MCMC ¥57E & 44 N 50 #E
W, EER ERY F 2B RENEITRAR
XHo

(2) Mty £45r BFrUER S, Traditional 3 7E %X
P52 IEA SR N HER , T R IKZ , B35
AR DR ZE8 K o Bootstrap IETERHE 2 IEA 7
A A Z 3 53 A i R B 5 Traditional Y548 2, 253
A A2 53 il 2=t EH A vk /D, B S B5 4y
T HIFRE Mo Jackknife 125l Bootstrap 17; , {Hfli 25
X K, MCMC ¥R IR AE, 3 K.

() 1B X AT, PUfh 7 kB A Fl#E, Tra-
ditional ¥ 5 Z BB - TE A, EHIE 2 EA 5
A A I3 A A TR HER , 25050 A AR S 43
fifi 23 Ko Jackknife 35l Bootstrap : 25{BL , 7EAE
AR /NI BE SRR 8 75 44, T MCMC 35 L
B G N EAEE O

(4) LRk, Tttt I 2508 LA R B,
TR R IEA S, B IE SR Traditional 15 ; #5780
FRIEZ M , UGS Bootstrap 15,

S 30k

FOLWI. (2010). 2 TR EE ) T 22 0 B AR B AL (18
T2ARES0) AR IR

2B, (2015). R T R A 450 4 1w ol B 8540 B B
KAFEL LA KRFEF IR (HRPEIR) ,24(1) ,33 -36.

Mot NG, RGN, B AEE. (2015). S5 B I
TR T O BEEARFT ,35(4) ,344 - 349.
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Estimating Variance Components and Their Variabilities in
Generalizability Theory:A Cross — distribution Simulation Study

Zhen Fengquan Zhang Mingiang Liu Ying
(School of Psychology,South China Normal University , Guangzhou 510631)

Abstract ; In terms ofeight simulation conditions ( data with normal , dichotomous, polytomous and skew distribution with thep X i x handp
x [i:h]designs) ,this article examined the applicability of Traditional method , Jackknife method, Bootstrap method and MCMC method
for estimating variance components and their variabilities,in order to find out the best method to estimate variance components in vari-
ous occasions. The result showed that; (1) All these methods could accurately estimate variance components without significant differ-
ence. (2) For standard errors of estimated variance components, Traditional method performed well in normally — distributed data, and
Bootstrap method behaved best in nonnormally — distributed data. (3) In terms of 90% confidence intervals of estimated variance com-
ponents , Bootstrap method was robust across different data types, but sensitive to sample sizes. Above all, we recommend traditional
method for normally — distributed data,and Bootstrap method for nonnormally — distributed data.
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