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(LR VL R 2R OB FEST L, TN 510631)  CAES IR KT )R, Filk)

O A 1 207t WU A A5 BERAG TIN5 2, I H B AR X . A =Fhriksiag e ] LIt
TR 505 AR BE Y B IXCIH], f4% Bootstrap ¥ . Delta 2 F1 H 452 G HHEF (N LISREL )it A5 115
PEAT IR AR SGE I AU T EAT L8R, & 30 Deltaik: 5 Bootstrap 244 21 (4 & 5 DX A AH 24 #630r, {51 LISREL
B R ER T IS Bootstrap k45 BRI L RANZIR A . iR Delta WL TG AR B 12 15 DX 1a] (6 ]
Mplus 78 5 52 BE), {HANRE BLHEHT LISREL fi 1 B bR v R 1158 o 28 (0 158 W] 1™ o 330 5.2 00 36 1) 5 G 2 LA

L1 Delta i H LB AR X 1] o

G HUEEE; B{SIX [ Bootstrap 3; Delta i%; LISREL

B841

DS HE MR A, 5 (reliability) 2 i i
Sl SRR AR AR, AT BUH o R BUE 5615
AIAL T o A SR 56 G A T P A5 (L) IRZEANH
s (2)I 56 R B AR ¢ A5 g6 (R 2 AR E Y
BB M 22— AN %, Graham, 2006), o Z 41
2T 5615 FE (Novick & Lewis, 1967). {HSZPR FAR
P S RULE s 24T U 3 S 12 3 L 7 N, AV
OB R = KAL) 5 {5 B (Biemer, Christ, &
Wiesen, 2009; XI|4I =, 2008; Sijtsma, 2009a, 2009b;
J& 4, TREMR, 41, 2010), {HA LAE N Rl
fiE =1 Al DU 55 5 1 (Green & Yang, 2009; Raykov,
Dimitrov, & Asparouhov, 2010; Revelle & Zinbarg,
2009; Yang & Green, 2010). H#4F 073k, FIH
BOE P R AR, A A B (composite reliability,
BPG BLAr B A5 B, A Y SCHR PR i 40 615 B ) Sk Al
P10 56 15 2 (Bentler, 2009; Brown, 2006; [k E,
METF, 2009; Raykov, 1998, 2002). [FHT, {5 EEAY
& {55 X 5] (confidence interval) 5% 31| & i (Duhachek
& lacobucci, 2004), [ Ayl ik B A5 X [a o] DL T Al
TR 250 o A SCHY B 2 P B AE I 56 5 B (5
FE) =PI AL T B, TR A UE R B
TRAS, A BUEE =F X EGT; 2805 H 408
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HANE0) x3(H 1 far ) x4(FE A 25 1 ) < 3(fli 11 777 ) 1Y
SCEETT AT LR, e, AR LAl R A
Deltaik, 3145 Delta Al & 5 E &5 X
[ A5 F RN AR B X AT O B9 TR LA 7 e - 15
ek,
1 AHURE
— AR p A X, X, x AR, T
HTWAERE 5,05, .0, H Xy, Xg, o, X [T ek 152
2%, WA
X =4&+0;, 1=12--,p (1)
Hop, A Fn @ H | fElAR E LIRamT, ok
T, &AM PR X = X+ X+ X, B RS E N

(Brown, 2006; Fornell & Larcker, 1981; Raykov,
1998, 2002)

p P p
P =Vaf(zﬂ1-§)/{vaf(zﬂ1§)+zvaf(5i) )
i=1 i=1 i=1

AR B By FURAF BE B AT o R R RSB
Th—FE, XN TEIPM R SRS R, f TR B RS
SR BRI HARESS A3t A f 22 (Raykov et al.,
2010). ZHIE(FEAMTTRIRZEVLR, FEEFX
] o AU — D056 i i, i A R A X ) il
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% 4R 43 4%

TR R 75 B S A 7115 211915 2. (Raykov & Shrout,
2002; Zinbarg, Y ovel, Revelle, & McDonald, 2006).
T 2% 100 56l P 56 s, AN SRk AT a2 14
R/ 0.7) 40 7 76 {5 JE A {7 X a] (41 4n (0.65,
0.73))H, R 2%k 100 565 Al 11 o e DEAY . A 4232
I 24 448 L T 565 P R SR 3 7 18 (Raykov & Shrout,
2002).

H ATAL T ER AR 55 5 B AR BE B A5 1 152 (SE) A R
FhJ71 . Bootstrap EF1 Delta i, b5 —Rgi 2
1 FH 45 ¥ J7 F2 @ 45 (Structural  Equation Modeling,
SEM) B4t PR fE DR o 3K AR ME R AT LA
G U B Y AR DX R

Romano, Kromrey 1 Hibbard(2010) b4 1 45 Fh
flitt o RBCEAF X Y T ik, (HIR A DEoE L4
Rt & MR BE X k. flba R, &
B B S — R A B A THE BE RS FE AR, B LURA 2
BN G U B AR DX ] A A R T vk

2 AbTHE R R EAR X B 5 ik

DIbE e

Bootstrap % 28 F i H T S F Al i1 B9 45 AE 1R ME
LA X E B35 6 . ] Bootstrap 51T LU
A BUE FE R AR DR, 3 iMiH A& {5 X ] (Raykov,
1998; J&4x i, 4x¥i, T EERR, 2005), XFh Iy kT
B —A> [ BIREA CHAE BVA) BT B S IR, L
BRI, (HIHR R S5 R 2 — R SCuESs 2R, l e N
BRSO, W] LARIR e A T A R R
A3, Bootstrap 15T Z R HUFE T, A SCHTULIY
Bootstrap £ f& M\ —1> 45 5E B AEAS i ik [l o 52
WURE DL P AR IR A, BN AR A RE A S VR B,
XA SR b A EORE LA B 2 LT R AR A 1Y
Bootstrap ££4<(Wen, Marsh, & Hau, 2010), K= =HE
SRR N AE AR S PR S IR S B0 A DX Rl B Ak T
PR T SZUE LAY, JH Bootstrap 15 2 By S A
REHS 58 2 AR HURE A9 722 S b, RO B AR B, T
Bootstrap #5445 2| 1) S5k X (Al T 00 T 2w Jr ik
35/ IX 6] 4 1 (Chan, 2009; Little, Card, Preacher,
& Mcconnell, 2009).,

Iy — Rl U B AR X R ) 7 k2 Delta
I (Raykov, 2002), iff 4F ok A1 A A #F 58 (41 i,
Laenen, Alonso, & Molenberghs, 2007; Laenen,
Alonso, Molenberghs, & Vangeneugden, 2009a,
2009b; Raykov & Marcoulides, 2004; Raykov &
Penev, 2009; 2010), XFh kML 4y, HHE—

PGBV, JHORS B 75 ZEAU - Delta 25 5 F ik 14
K73 A A BB RS S8 S Ty 26 A 7 22, kA
TSGR %k (smooth functions) 4 T L b 115
(Raykov & Marcoulides, 2004).

JH Delta BAli i+ 5 4E 0 55 5 A5 BE AR ifE 1R 1Y
A3 (Raykov, 2002) 41

SE = \/Dlz var(u) + D var(v) + 2D,D, cov(u,v)  (3)
Horr, SE EARUELR, u AR UEIL T far iR, v 2
BRZETT ZEHHN :

p p
u=> 4, v=> 6 (4)
i1 i1
D11 Do Rl IR A E
2uv —u?
2?7 (U v)? ®)

% T L i& Bootstrap 72 fil Delta ik il LATHE & Al
5 B AR e . SET 5 B AR X R4, 7 —L SEM
A s mE SN S AR THA RS R, SRR S
BOISRE, TELs SR 45 A s BE S Al T A Y
IR, g S A T HE A bR, PRt n] DA
A AE B EAE XA 3L LR Y LISREL K
B 0 AR R AT LU RS, A A X S —A
# IR SEM {4 Mplus.

Bootstrap i 15 2 (1) 45 e bl {5, (B 288
B AR, 1572 A 2SRRI . Delta v f& — iz 2l
TR, AT ORI 3 A X fE SEM R (AR SO
LISREL)H 4w, 7 Mt ik Pk K 140 %) [l B 45 1
TR R IT T ZE N SEL, KX S0 A A K
(5) F1 (3) kA7 faf B3 B3 B AT A5 4w o 5 . T30l
LISREL %t fbrifEiR b Delta PEiRZEfaj o, [1]
R, TR R 2 S B fe] 2 T T S B S
AT HHR
3 RIS Tk
3.1 Rt

XFF AR g, RO — AR, Y
WEA: BHAN, WHFfer, AR, Wity
o (DEHANE, AT 3N HITENGEERA
4.7 X (Bacon, Sauer, & Young, 1995), At E
(R AN BN A F 34, ASWFFE IR 0 8 H A5
4 3, 6,10, 15, (2Q)KHFfifiy, fE—Wged, K+
it /T 0.3 Bk T 0.9 B98I H % W (Bacon et al.,
1995), KL% & MR FHfifE 0.3-0.9 Z b, 43N
3 RGO . B 4 (0.7~0.9), F 77 (0.5~0.7), 1k
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faf(0.3~0.5). (JFEAZ &, XLOH AN S, £
AZSHA 1000 &Y K, HF a8 ir 2 s
FEARZS 54 100 £ 300 (Zhang, Preacher, & Luo,
2010),Jf H, OHAEA L FIZERL 500 B HAEA B
PIREAS, FT LAASHIF 52 15 8 W REAS 25 4243 31 - 100,
300, 500, 1000. (4)fhiit 7 kekixfe, 35 Bootstrap
7. Delta Ml LISREL K{4AO45 R SC- gt o AR
B S50 & — A~ 4x3x4Ax3 [T, R/ = A~ HEE 2
BRI, 5 )E— R R

TEAERP AL B (RIKFZ G ), AUl —HE IR 254
Wi, SR 5 BEAILIC— A (A $2 2 1R A B i 4D
BT —EAYERiR). RMSEA #1 SRMR /T 0.08,
NNFI Fl CFl KF 0.9 (i, 7487, Marsh,
2004), Fi Deltai: Fl Bootstrap 3134 & Bz BE BAT
#fE1R, LISREL W% it — M hrifEiR o L =M nife
BRI 2SS, LAY T A T A E Y A X ]
225 o 0T LLT ff g6 8t H | PR 4 far AR AR
F AR R, 2 R A AR AR
3.2 F Bootstrap ;& it &R IEEMEEXE

ASCH Bootstrap ARG AR FE 1Y EAF X 1]
£ 3N 2, WIFIRAEA T E 2 HUF 1000
K, 15%] 1000 1~ Bootstrap FE4, &m S5RIGHA
(7St AR ] o 3 —25 AT DL R 22 800 45 09 7 R 3
Kescwl, Al LISREL 8.72; %5 — 4, &
1000 > Bootstrap FEA B BUAFEE (Rifhiit); %=,
TS 515 2% 1000 4~ Bootstrap FEAS G (5
bRifE2E, X APRifE2E g2 Bootstrap 11545
NG A5 BE AR LR, MRS U B A
e IR e 1 RNy R e = 2 N R = P [T S
J& Bootstrap 153 2 A bR E R AY 1.96 15 .
3.3 M Delta & it ERIEEMERFERXIE

Delta i35G 55 B 1Y B AF X B, — i
B JE I 55— 19 LISREL P34 A5 B S A
FIHE AN X RS T T 75 LA S8, TR S 2 2 (B) F1(3)
VA A B B AR R, HE T 5 B A X R], X
Fhor ik b Bootstrap Ak A RUAE BE B EAS X [H]
B Z .
3.4 F LISREL B4R x4 rkR AR T

BEEREEMNEGEXE

TE LISREL 27 rh i &R/ S 8035 A 5 1
BF, LGS RSO B AR BE Y s Al (R Y [R]
W A THE PR IELR, L DR A 15 DX ],
FHIXFP 7 351556 A BE 0 BAR IX ]2 = Fh 5 vk
Hh iR (AT B —Fh Tk

4 RIS

B AR R AR RS R LR 1. AE
Bootstrap 4 BUEEAY 1000 MEEAS R, A BEREARfY
REAL NS, TR S A vh | A AR 11 i
B Y Y (improper), B AR5 22 (8% bR AE R ) 19 4k
FHE S GUE A5 BT Y 48 S AbER 4k, A
41 AL I A3 10 1) Bootstrap BEAS 1A >4 fi# 451
g 100%, HAY 7 ASAhFE AR RO Y R B H e
97%L) I, 115 Bootstrap BeASEIAYFRIERAS HAf
FHCSEN A S IREA Y45 . Rk Bootstrap ki
DIFHERIREAR AT 970 4>, FTLITHELS FA R

(KA Bootstrap 45 2l (bR 1E 1R & —Fh SRS,
R, FTRLEEREAE, WA Bt R bR iEiR 5
H BRI A 25 . PR A X R R AR R Y
2 fECREB LIS 1.96 %), BT LA SR bR vfE AR 22
0.01, fREM TR SAZE 0.02 (LRREA BT SL
H)e N HAMABEEE, W5 FRAH2E 0.01 (FH )
AR HEDRAH 22 0.005), HUER/NER]; WERIGEEET
FRAH 22 0.02 (FH R bR 1EIR A 22 0.01), AT 52251,
WEARE B T RRAHZE 0.05(FH N AR HEZRAHZE 0.025),
JEA I 2E
4.1 Delta 7EHIFRAEIR

4% Delta 4 Fi Bootstrap 145 (L% 1 19
Bias_D %), Delta 7 14 M i fi 2= (45 X5 (1) 325 i AR
AN, TRV 48 S Ab B, LA A4 Ah B bR v R
22 (4 % H) 3 0.005, 3 4 ~4b RS : N=100, 7
fr A, BHECH 3. 6 F1 10; N=100, ffi
BUHBCH 3. PrifEiR e 2E (40 HE)E o 0.01 i HA
2 RbEE . N=100, e A%, BHECH 3. 6. 140
Kl 1 Deltaik bR iR n 22, A 154 1, {48
RN, ReRE S H B0 2t BrLL, T LLIACH Delta
PAG T A RS TR I AT R )

1E Deltakt, HA/NNCRH 200)2:5 ] #2 /)
22, FrLA, BT/ N 2SN, 8] LUE ] Delta
DA TR ER, SR A B XA
4.2 LISREL 4%t BYFRAEIR

Fb A LISREL #1441y i H 285 5 A1 Bootstrap 12 1)
Z5R(WLFE 119 Bias L 41). LISREL #K {4 H (4%
HEIR TR 22 0 1E, FEBET Y 48 AbHi v, 430 i
ZHBHRITL 0.025, LA BRI T 0.05, X,
LISREL 4 th s R (G2 SE_L)™ H mifdli 1
PR, FRE YRS R mH g, Biln, N=
100 i, SE_L fhi 22 JL-F- A& #id 0.1,
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x1 BENESHERENZMRER LR

H A% 1 fa N {5 B SE B SE D SE L Bias D Bias L
3 1% 100 0.504 0.070 0.086 0.180 0.016 0.110
300 0.504 0.051 0.048 0.082 -0.003 0.031

500 0.486 0.038 0.040 0.079 0.002 0.041

1000 0.399 0.032 0.033 0.076 0.001 0.044

r 100 0.654 0.068 0.060 0.164 -0.008 0.096

300 0.621 0.037 0.038 0.098 0.001 0.061

500 0.629 0.030 0.029 0.077 -0.001 0.047

1000 0.664 0.017 0.018 0.054 0.001 0.037

= 100 0.807 0.036 0.034 0.149 -0.002 0.113

300 0.831 0.019 0.017 0.086 -0.002 0.067

500 0.842 0.013 0.012 0.066 -0.001 0.053

1000 0.858 0.007 0.008 0.047 0.001 0.040

6 ik 100 0.598 0.075 0.063 0.177 -0.012 0.102
300 0.573 0.039 0.038 0.108 -0.001 0.069

500 0.558 0.031 0.031 0.082 0.000 0.051

1000 0.541 0.022 0.023 0.060 0.001 0.038

r 100 0.762 0.038 0.037 0.156 -0.001 0.118

300 0.767 0.022 0.021 0.090 -0.001 0.068

500 0.768 0.015 0.016 0.068 0.001 0.053

1000 0.767 0.012 0.011 0.050 -0.001 0.038

[ 100 0.907 0.017 0.014 0.138 -0.003 0.121

300 0.917 0.008 0.007 0.086 -0.001 0.078

500 0.901 0.007 0.007 0.061 0.000 0.054

1000 0.917 0.004 0.004 0.046 0.000 0.042

10 i 100 0.702 0.052 0.045 0.161 -0.007 0.109
300 0.677 0.026 0.028 0.096 0.002 0.070

500 0.665 0.023 0.022 0.076 -0.001 0.053

1000 0.634 0.017 0.017 0.055 0.000 0.038

rh 100 0.868 0.019 0.020 0.148 0.001 0.129

300 0.866 0.011 0.012 0.091 0.001 0.080

500 0.856 0.010 0.010 0.066 0.000 0.056

1000 0.862 0.006 0.006 0.048 0.000 0.042

= 100 0.925 0.012 0.011 0.141 -0.001 0.129

300 0.940 0.005 0.005 0.081 0.000 0.076

500 0.943 0.004 0.004 0.062 0.000 0.058

1000 0.948 0.003 0.002 0.046 -0.001 0.043

15 ik 100 0.776 0.035 0.033 0.158 -0.002 0.123
300 0.769 0.019 0.020 0.091 0.001 0.072

500 0.745 0.016 0.017 0.076 0.001 0.060

1000 0.732 0.012 0.012 0.053 0.000 0.041

i 100 0.889 0.014 0.016 0.172 0.002 0.158

300 0.890 0.009 0.009 0.088 0.000 0.079

500 0.882 0.007 0.008 0.063 0.001 0.056

1000 0.902 0.004 0.005 0.047 0.001 0.043

[ 100 0.974 0.003 0.004 0.134 0.001 0.131

300 0.970 0.002 0.003 0.072 0.001 0.070

500 0.962 0.002 0.003 0.062 0.001 0.060

1000 0.966 0.001 0.002 0.045 0.001 0.044

. SE_B Ml SE_D 43535/~ Bootstrap ¥ fil Delta /5 E| fbn iR . SE_L s LISREL #f4:4 H AYbRHER . ¥ Bootstrap 7 Al
brifEiR A 1EHAH, Bias D 7~ Delta kPR R 2%, Bias_L #7~ LISREL #4047 iR 14 2%
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FIH LISREL #F4 i SE_L 53 & mif5
MRS XA, FRRSmAR, JF HiEE R R, Brid,
AT L HAH A LISREL it ARl R TG s B
) B A5 DX ]

43 ERIEEMIRERTHIER

[Hk Bootstrap 744 et —FhSCUF L5 4L, fr
DIKG AL Bootstrap 7 A bR iR A A8 AR 100 AT LUATIE
AN AT G AE BEAG T ARG B2 1 L o

RFE AR, Bl 8 H A B3, br
RSN, ME—RYBISME N=100, P76 faf Ik 14
W, 3 N H AR HE 6 A5 H BOAR ARG /N X
Al RE 51X M AN S LR, Bootstrap ¥ A 24 i 4 T
SRR 56 PRFF A AR ARAE, Bt © far (1) T
=1, JH Bootstrap At A AR IE RIS/ o R A 4%
PTEAAE, BB REARZ m AN, 1 Bootstrap At
(R bR BRI

M, BHBZ | e e SO FEAR S R,
B AR BE AR R N, AT A AR BE A T ok
W25 & 1, F Deltaikid £ A9 bR 1R 5 Bootstrap
AT BN AR E R A AL — 3. oA LISREL i
A FRAE RS BERH, BT DL BT e T AR Ak
Tl

5 JH Delta ik H4E i 46 & i fE
JEE Y B A X 8] 7R )

R BF TS RS, AT LA T Delta vE RO BRifE
BT A RUEE W B X, FHL—A4 6 M EH
(1) B A 55 (N =300) R 5, U anfar il Delta it
A AR B M B AR X E] . B SR — 1Y LISREL 2%
AT LA SR 555 A5 BE s Ak 8 LA B DX M) A 3 i
RN SH, XNMBF5EEN CFA BT JLTH
[, HAZ T 54524 (additional parameter,
AP), ZHRIF UL, EH AR S B XY
LA F8 8 : RMSEA=0.023, NNFI=0.995, CFl=
0.997, SRMR = 0.026, #8345 TREf .

A ORE B SR E, AKX @) S
var(u), var(v), cov(u,v) KA =X (4)H 1251 u,v #B AT LA
TE LISREL [ &5 S rp 43, LR % — i R
¥ LISREL i th &5 AR A (5) MR 7 S 3K
15 A A5 B A bR, R TR B X )
WA 2 0 6 B AE BE ST 0.767, Frife
R 0.021, A HUAEEER) 95%fY B 15 X ] 4 (0.726,
0.808). MR B 15 BE iR 5 0.7 A vl #e3Z, G AL
15 B 845 X ] i R BR(0.726) 85k 0.7, T LA i 56

{5 BT LA

{EIL{I T, T Bootstrap i b AR 1)
{5 X )45 2 A bR LR 2 0.022, 5 1 Deltai: 55y
PR ILT IR, 550 4 U FE 9 959%H 1 £ X
[ 4(0.725, 0.809). Ifii LISREL 455 3P4 i iy b7
HERR 2 0.000(ULHH 7 — AT RE), Fofil 1 LAY, JH)
BEARHEBR AL T 9 B {5 X [H] 24 (0.590, 0.944), H T KR
EMT IS BRI 50 0 135 B8 A 1T 42
Z, M5 LR

6 THEMEEE

FEVEAR —AS I 56 it (R i, AN T 25 B
B AR, R AGTAR 2, S X )4k 1 nT DA
A5 FE AN T ARSI PE o SRS BE A bR R, W
BIEXERK, FEMITOEREAS; Rz, 0
A5 B bR /DN, BRI R, 15Tk
RN

T SR T 56 B A A X)) R BR B S 8
A RT 452 WS FE IR K, IR 2 I 56 P {7 B T A4 AZ
RPA] A AZ L 6 o G SR 56 45 8 ) £ X ) A
R LU AT 422 32 B 15 BE IR /IS, I 2 L 00 65 1 155 88 AN
ASRY Y 6 G0 SR AT 42 7 (A5 B A 1 R I 46
5B B AT X R, R b0 56 19 15 B (451 2E,
T 22 57 T3 0 246 1 0 56 17%) DR I 7 TR, I Y
MO 2 (T .

ARSCHCAS T =Rl A T BRI 56 A AR R bR
WHEIR 1) )7 B ik 42 . Bootstrap 3% . Delta il
LISREL %t fbrifiEiR . 4559 & 3 Delta ¥: AR
%5 Bootstrap ik ARMEDR 22 AR/, 1T LISREL 4
4B bR MR 8 it KT Bootstrap ¥ Y A 7E 1% .
Bootstrap ik (45 R & —Fh SCIELE R, W LIME N B
{HFEfF, {5 Bootstrap kit id M MG, Delta
il I AR B bR ETR, 5 Bootstrap 1A 194G
T2 BIFR/N, 1 H e Bootstrap 2 /i BifS 22, fr LAHE
TEM8 1 Delta ¥k o fH24 N & /NCR 2 200)ii H A5 2 (1)
DX R T PR Sl i 8 o T 4 A2 19 1 B (B, B4
SRS AT LISREL % it B bn MR TG 1L A5 B2 A
DX Ja] f (B, AHEERANTRE, PrLUARREME A .

Bifi 5 A0 AN ER0 3G 0 L BT ) T v SR AR A
Ay %, ] Bootstrap ¥ (4 A Delta i) 194 al
15 B BOARHE R M) 8/ . X HRARFRATT, AE Gw il
SRR, AT R ORI GG Y T L B S A TR
N G H, A e, Jf
ST BE 2 it I — 2R
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AT B0, SASCHT N A LISREL —FF,
Mplus AT DAZERRFE s &R I 258k, 18-S s
B REAY A, Mplus AR H BS54 AR
HEBR, MR Delta 515 H AR ME IR (Muthén &
Muthén, 2010), Jf H B 4% %45 W & E X E . i
M plus $ {25 5 SCP 4 A LA BE bR iR 5 AR 3¢
FH Deltaik kA% (1 & B A5 BE bR iR 2 — R (R
ZBRAN), B I T Mplus 38 A SO 1
A B R e, AP H OUTPUT #B43 1Y
CINTERVAL fir4 1] DL B 3159 20 S 5000 B X ] .
FH AR P 0T DL A5 B4 (5 B 1Y S A THE L Delta
BbRAEDR, DL RN A RUEE B X R SR
PR PR UL, 52 45 5 PR AH HUAS B T LISREL
B AAd ] Deltadk, fEBI T MplusB 45 ER £, —
AT B Mplus B2 5 (B s =) Bl SRS s
MHEAF XA, e Mplus 5058 A 85
JE B AF X TH]

KA AR BE B BT X, Hsen] DL H 2 i
AR . AN, W AT B0 A U BE Y 95%
[ & (% IX 6] 24 (0.726, 0.808), W& 1 & FEAR T
0.726 AT BEYE R 2.5% o SEERM Y, FRATA TR 2
i 95% (B Ui & BUAE R B X ),
H 95%WAEIE UL, G HLAF AR T B A5 X F R
XRE, MEE X R AR SRR ERAY 1.65 £ (A
S 1.96 £5)0F, WA 95% MIEAR T, A s MK
FTEGEXRBTRT .

RICAEBIEERS, IRERHLWHEILZT, H
BRI IE FL S T = Fb A 1 B 4 0 56 75 15 B 0 B
fEIX Rk, JFmBLf il 7858, EH, Rk
ZEAME AN, PAEESBIRH S S, Y4
Bm AR ISR, AR SCESIE R RIS e, iR,
AR SO B2 ) 56 45 B A 2538 S 75 s T 22 4 T 5
We? X ELHA Rf ik — 5T
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Abstract

The widely used coefficient « may underestimate or overestimate reliability when its premise assumption is
violated and therefore is not a good index to evaluate reliability. Composite reliability can better estimate
reliability by using confirmatory factor analysis (see e.g., Bentler, 2009; Green & Yang, 2009). Asiswell known,
point estimate contains limited information about a population parameter and could not give how far it could be
from the population parameter. The confidence interval of the parameter could provide more information. In
evaluating the quality of a test, the confidence interval of composite reliability has received more and more
attention in recent years.
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There are three approaches to estimate the confidence interval of composite reliability of a unidimensional
test: Bootstrap method, Delta method and directly using the standard error in the output of an SEM software
(e.g., LISREL). Each of the three approaches produces a standard error of composite reliability. Then the
confidence interval can be easily formed based on the standard error. Bootstrap method provides an empirical
result of the standard error of composite reliability and is the most credible, but the method needs data
simulation technique and is not be easily mastered by general applied researchers. Delta method computes the
standard error of composite reliability by approximate calculation, and the method is much simpler than
Bootstrap method. LISREL software can directly give the standard error of composite reliability, and this
method is the simplest among the three methods.

To evaluate the standard errors of composite reliability obtained by Delta method and LISREL software, we
compared them with that obtained by Bootstrap method, because the latter can be treated as the true value in
theory. A simulation study was conducted to the comparison. Four factors were considered in the simulation
design: (a) the number of items on each test (k=3, 6, 10, and 15); (b) factor loading (high, medium and low); (c)
sample size (N=100, 300, 500, and 1000); (d) the method for calculating the standard error of composite
reliability (Bootstrap, Delta, and LISREL). Totally, 48 treatment conditions were generated in terms of the
above 4-factor simulation design (i.e., 48=4x3x4x3).

The simulation results indicated that the difference between the standard errors obtained by Delta method
and Bootstrap method was ignorable under each designed condition, except when sample size was small (less
than 200)and standardized factor loadings were not high (less than 0.7). However, there was substantial
difference between the standard errors obtained by LISREL software directly and Bootstrap method under each
designed condition. Noting that the result from Bootstrap method can be treated as the true value, we
recommended that Delta method could be adopted to estimate the confidence interval of composite reliability of
a unidimensional test. At the same time we revealed that the standard error directly obtained by LISREL
software is severely biased.

We used an example of a unidimensional test to illustrate how to calculate composite reliability and its
confidence interval by using Delta method based on LISREL output. We also showed that the same results could
be directly obtained by using SEM software Mplus that automatically calculates the confidence interval with
Delta method and presents the confidence interval.

Key words composite reliability; confidence interval; Bootstrap method; Delta method; LISREL



