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Ao TR SO R R T LURI IR ik 2R MOk i o PSR 35 ) i P 28 50 0 TR 4 >R 52 39 5 32 119 XU 1
R (R AT 4 Jmg DR SO R S DR 1), 00038 4 [ Jo 4k R 80 SR O 36 8005 22 v 4 Jey IR 7 93 B85 22 B o 19 L
il o A SCH] Delta w4l 5 358 ) Bk R AR iR A 50, SEMIT L e 5 XA, R4 1 7 5 n 33 [ e
FRSCEAF X o — A7 UL anfap it ] e i 28 0 S HE A DX 1), i AU, U4 T ] Delta 3

FIH Bootstrap WIS EAF X ], BIPEHZEFR/N,

7] [Tt R AL Delta 3%; A5 X ]
B841

1 55

O HEF . ST R SiEh, %4
BB 2 AR, B — AN A A T 24 D
5 o TE PR E N 22 4 B ()0 565 53 550 LI 56 S 431
B 24 2 R 56 [) i M (homogeneity ) Y W A o [A) J5a 1
JEFR AT A A E AR T AR R AR, an SR A s E
Z A AH DGR =, DU [R] 514 =5 (Revelle & Zinbarg,
2009; JEEE, L, 2011)0 AR5 [,
ARSI B S IR R B ORI, A R
BHHAE X, VISR IR AT ST br
W BA AT Lo 2RISR UL, 5 UL R A% I 45 4
YRGS, AN TR 4EBE 2 AR DS PEAR, B[] o
I, LA BB B A B, B, FZ R
TAEBTFEA Y56 1 AT, R4 E
() 43 B IINAS 2 84, A 25 R RE O 5 A,
RIVEAG 25 Pl 56 2 75 [R) S5 o A5 1 O 4 4 4033000 565 14
o R VA o RECGEREBEZFBW. ©F
VIR IR, o Z B0 AR 56 2 [R] 53 1) (R 21
Z, 2008; Revelle & Zinbarg, 2009), Ji7 24 Fi [7] 5
P & % (homogeneity coefficient) i & I 5 119 [7] Ji
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[, JT RAAS SO P <[] Joi 14 2 280 100 AN FH ) B P A
BE (S 0L, tHELE, 2011),

LAk, 1 2 F# B T EAR X RS S8
flirt a5 2R, PNTAE B2 AR B0 B A5 X ] 52 3] 8 0L
(#5140, Bonett, 2010; Raykov, Dimitrov, & Asparouhov,
2010; Raykov & Penev, 2009;Woods, 2007; Zou,
2007) . 45 0 45 1) [ o P R At — 4, e [ I
A5 H S A T HE A B A IR, DLT i 8] 3P R p
TR 2L

H ik AR UL a] ot 2 8 Al T 7 s, el
A5 18 % A W5 FE (composite  reliability) 1) X [6] £
Tk . A =R OEEGR R AN TR 5 G E B
(4 AR X R (M52 06, TR, 2011), 445 Bootstrap
% . Delta 3 E4EHGETHAR (1 LISREL )4 Hh A9
PRUETRBEA T3 . Bootstrap 515 3] 10 45 R 2 S0 4%
S (Wen, Marsh, & Hau, 2010), H& N7 {5, (HFFE
A AR, AR, — Wi B TAEE A5
F 42 . Delta 52— RS BN TR R
J7#:(Raykov, 2002; Raykov & Marcoulides, 2011),
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B SBUE, AW IR T AR B AR DR, ST
B E{EXH, H Bootstrap B 5L, SEM BAFEM
BANS BN TG UG B, 253 S0 & B
HAFRUERR, E Bootstrap % #1 Delta 35 # 2 & 5., 0t
TR AN BB (2011 )il i BT ST, KB Delta 12
5 Bootstrap 775 2 19 B A5 X A HEH #0E, M
LISREL % tH iAR RT3 19 B 45 X 5] 5 Bootstrap
BTN EAE XA 2ZE R, #HEFEA Delta L4411
A UE B AE X ],

REA ] Delta 754l 11 [A] B2 M 5 800 B A7 X [H]
We 7 IO > G n] AR RN Qn ] 1AW 7 AR SO AT X
TR, H e, TR T I R B R A
KT oM F BB AL, 4255, JH Delta BT
B R BT PE R A T AR R, R X (]
SRJ5, 5 T LISREL F2FF M Mplus f2F#, JH—4>
)V B ne] P A SCHE R 9 A G T, B E X
AR AT T8,
2 R L R

WK H p A H x,xp,--,x, AU, T
T—"2RET G (general factor)Fl n 4~ R HF
F,F,,--,F,(local factor), 4=JsyPK~F-FilJs)&B K +#F
PP IOE A ILH L A, BAEHE X
WA HCFRRN T s FIERZE e, XA, x, A T I
4rf(Revelle & Zinbarg, 2009; Zinbarg, Revelle,
& Yovel, 2007; Zinbarg, Revelle, Yovel, & Li, 2005,
Zinbarg, Yovel, Revelle, & McDonald, 2006):

n
xi:aiG+z/1U-Fj+si+ei, i=12,---,p (1)
=

Hp, o, REH i fE2RNF G LR T, 1, Fom sl
H i fEREHF F, Ery s, AR ReikH
52 = Z AR DR (LI J2 A — 8 H i 2 A
W) 8 H &R Sr), JRiB T 52k FAHISE, =
4 J 3 P 22 W0 A B RV 43 R 5 B 22 1) AH
Ko XTFEAEHE, BT 4T F—A a8 K 1
Gh, HAGufris e A& XA R O B
F—A4ERE), A8 E R A Ay, HAR
8L H S A e S o I 56 1 ) 5 M 2R e SOk
BB 2, &R IR T4y B0 22 T 7 1 E A R
AEBE, MR, 2011):
(i a,)* var(G)
Phom =—————— )
var(le-)
i=1

(2 LAY [A] I 1 2R 0 prom TEVE 22 3R P
PR MM w, (Revelle, & Zinbarg, 2009; Zinbarg et
al., 2007; Zinbarg et al., 2005; Zinbarg et al., 2006),
HeJ6 & McDonald (1985)5E 1, {H AT A2 5 1)
55 (WL McDonald, 1999), i 2 3Cik F H 2% w,
Ve RBON — R AT OE 5, (HR A 5 4
(011N ay, 15 1 T AT SETH I 57, B o, 2 () S0P

TESUETE K720 Hr v, HRER A T R 22 S 1 —
EAE MR, IS =5+e¢, IFHRRIRZEZ
[EARARDE, AR (©2)ZN -

(X a) var(G)

i=l1
(f a,)? var(G) + var(f: Z A F))+ i var(d,)
i=1 i=1

i=1 j=1
3)
(1) FR 78 B A5 2 0T 4 ok 52 315G 1 Y AL
A F A (bifactor model), H-- 718 # %] Holzinger
F1 Swineford (1937)HF5Y, Zinbarg 25 A (2005)f# H
T A I U343 7 =2 XU A AL AT DA 56
5 045, WEEE A SRS A AR 22 1 22 4R
B JE XU 146548, BEA 4 Jm) IR A JR 3 DK (431
i, Brouwer, Mejer, Weekers, & Baneke, 2008;
Ebesutani et al., 2011; Edwards, Cheavens, Heiy, &
Cukrowicz, 2011; Joseph, Mary, & Dave, 2011;
Patrick, Hicks, Nichol, & Krueger, 2007). X[ T4
RUAT LAGH 3 Je 8 PR 1 1) 74 S DB AR TR DS, T
FF 2R JRy &6 I 5 68 R b 4 ik 4 00 4 F (Chhen,
West, & Sousa, 2006). B4R, B —A~n] LLHL S
PR3 A AR Y 22 R I 46, AT LA 2 Sy R F
BORIHEAT 00, BREEBAL2RKET, 2R T
By 2 oA 2R e— AT, R —
A Z YIS, #RT DL N R R R A R o
PERE, HERIAG W L2, s DA 3] —4
[vi) o P 2R A i
Raykov Fil Zinbarg (2011)3%& T — Fi N F-152 80 (FL
o U —A> B R ) 1 o BT 22 B
d BB @, FoR)o AXMEIER, ART— X
() B PR, R T DR Ak — S XU A,
LR UE, B AR B i TR AR B v
(Chen et al., 2006; Yung, Thissen, & McLeod, 1999),
AR AL e 8 B PR R TR AR AR e (Y 4
Ja R, Ak, Raykov Hl Zinbarg (2011)5E X,
AL ] o DR A R A e 0 56 ] S R K

Phom =
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XA T J2 9] 78 H (negatively worded item)f
AL Y00 55t T DA N7 SR A A P G ) A
TRV ISZ [ A28 4 B 24 000 90368 > VR B 53, (HBOR B
2 WBIE 9035 e IS 1 00 395 A A 300 ) 6 3 T 1 3%
I (method effect), B H Fd g E KA S, WY
Sl il (DiStefano & Motl, 2009; Marsh, Scalas, &
Nagengast, 2010; Vautier & Pohl, 2009; Ye, 2009),
A 30 1000 55 2 5 A7 AE 7 R AN ) — AR 2 T A
4 T AH 2% 77 55 (Correlated-Trait Correlated-Method,
CTCM)RAY, LI H IR0 FH MU 7 k200, 8
Ik 56 TR M PR 0 A K AR Joia 2880 07 45 22 5500 v
O3B R o SRR T AR IR SR — AR IR ) XL
A, G4 R (AR G, sl H )
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NEPRF o) RN R 22 . A BTN 5 ] BE A A4 52 )
E [ R 7 s R, A A 5 R B S AL A S e S [a]
eSS R SRt R E g T A R R A S i ey
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T O NI g R 25 5 | B S S 2 5, H A A
T 78 S o AR SR e, BT A R S
A S Y[R BT AT 0 55 1 A B AT LA AZ
i I S AT G 2LV ST s v e OB A P R i B
ATk —2L B GETT oM, TS BE fT B H Aol FH 0 4 553
TG .

3 JH Delta 3500 56 [7] B 224K
18 A5 X [H]

2 ) AR THE B R — A SRR 5T Y
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PR A5 B, B X 4R T S R
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WU 7385048 S (%) B Al o S PT A A 4598

Delta /& —F R RSB TR bR R 1Y
775, Browne (1982)H Delta 318 0 )7 22 By bR i
1%, Ogasawara (1999)] Delta 7223155 (JH [4)AH 26 &
BFR R, Raykov (2002)%F Delta 351 A {5 &
BRI AT, RIS B R AR R . 5
KAVFZ 5T EH H Delta AT FME E RN E
{5 DX [B], 48] 40 38 R AJF 58 00 56 {7 B (Laenen, Alonso,
Molenberghs, & Vangeneugden, 2009a, 2009b), —
43I 5615 B (Raykov et al., 2010), WK F-HF5E sl
¥ {75 ¥ (Raykov & Penev, 2009), /i F Delta 1 A9 R
P& AT LA B S Ty 22 P 5 22, dE AR
IS ST PRE(smooth functions) 13T IR M 1%

(Raykov & Marcoulides, 2004),
T EFATH Delta FEE I 56 7] 5k R KL
EEXE . XFAKQ3), &

s = (i a) var(G), t= Var(ii A F )+ f var(5,) (4)
i=1 i=1

i=1 j=1

W (3)=04E N

Prom = [ (5,6) =—— (5)
s+t

R YRR BT PR ROV Delta 325, % 18R (S) Byl
i+3

Prom = [ 51) =—— (6)

S+1
A —Br Taylor J&FF -
Prom = F .0 = f(s9,00)+
(§=50) 3 (s9510) + ([ 1) f(59:10) @)
o, x FRIRIE, so.t 2 5.t BLEMRIE, £ (sg,2,) Fl
F(sg5t0) FETR [(5,0) TE (50510 )BT HL, 43315 R
Dy Fl Dy, WA5K(7)2E R
Prom = [ (S9:1) +(§—50) Dy + (i —t5)D, (8)
GRS
ly So
: :(S0+t0)2 - :_(So+to)2 ®
X 3 (8) PR L [ B o H 35 22, A B m) BT v &R
07 22 1 U A O Ak WL 45 5):
var( Py, ) = D var(§) + D3 var(f) +2D,D, cov(5,7) (10)
AT [ 5 2R KA AR R A
SE(Prom) = D2 var(3) + D2 var(i) + 2D, D, cov(s,7) (11)
SEFRITERT, Dy A Dy Y so,t0 AR T, 435

FENTRATHERA
¢ §
D, = , Dy =—
LG (5 +1)>

[) o 1 R B A B 1 — o BB X R
[ Prom = Zay2 * SE(Phom > Prom + Zaj2 *SE(Prom) 1 (12)
Horh, Z, ), AR HEIEZS 50 A U e dr i o 233K
(12)8h /& Delta %45 21 1 W] 53 Pk 2 500 B A5 X ],
AL Z)y - SE(Prom) » F2/N [A TR 2 KA I A R
ZVU R, XA B K (RO RS IR K, Al A [A]
JPE R BOR 0 RO, [z, REAf RIS .
4 M Delta AG TR mIE 25 E G
X [&] 7~ 141
FH—~ 0 F U8 B anfaf F Delta 3228 31550 56 ]

T Z B A D] o (RSB — ISR AT 8 ANt H
W AAE, o 4 AR R IE R, 4 AR R R 1 R,
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A—M2REFE ARG 6, ek 8 MEH).
PSR IA 1 Fy FFy (53530 R 00 A [6] BB I 1) ),
368 B {5 52 W A [ AU S [ ) T3 0 LT AN AR G
(Marsh et al., 2010), JWEHFFEUWNF .

X =G+ A4, F+6,, -+, x4 =a,G+ Ay F+6,,

X5 =a5G+ A, Fo + 05, o0, X =a3G+ A Fy + 64
H, o R385 1 BHER T G BRI, 4 R
1 BTER F F B, 6 R85 1R, H
RAFS A

TETA, PR A v i e [ B e B T
FETT 22 45 T4 D A B (AN 2R, SRR,
TH, 2004), EIRANBEIE BUL, TCIS R E 5T Ik
SEIEETT 22, 1 RIRYTR 2277 22 L R BT R [ s ik
REAZSBUE/NTHRARZRR SN (RSB, o
FIR, 2011), ERXUPH 545 AU [ 5 J7 22 L 1 R Ay
o BERANHTRT 2, W RAE 24682
15 ABRNR T E G, PR XU TR v A R A
Mg TN (— P 2R/RE T, — RN T,
it 2 RS P48 b 19 T A A4 RE 1] 345 21 4> A 5
(4 B (R >4 T D7 AR 2, 3k 28 AR AL S i ok
AHENE, Xt LI f#, Zinbarg KHAEH
(Zinbarg et al., 2007; Zinbarg et al., 2005, Zinbarg et
al., 2006) ) 572 #B J2 [ 5 42 Jey X5 MRy o IR 1 9
TN 1o

PRI, AR St fulE T 11 R D7 22 B8 D7 V5 4 g A,
MIBsE G, Fy M F 975220 1, s G) 2] [F

8
(Z ai)2
8 4 = 3 3
(Za[)z +(Z/Ij2)2 +(Z /Ij3)2 +Z€_/
i=1 Jj=1 J=5 J=1

FH LISREL 8.8 F{f: 3K il 46 iy [ ot 4 22 4 S H:
AR XA i 2 S8R 7 WA SR 1, XAR P
5 RN R 2Z A Z, 3G T L
ANERINSHL . BN S SRR S5 i A S5
PG THE R R HL A R . BRI LS HRE0Ch
27/(12)=8.318, RMSEA= 0.000, NNFI = 1.001, CFI =
1.000, SRMR = 0.005, ARG ARAF Gl BB, B
Z%, Marsh, 2004),

LISREL F% 1 &5 S nT LA 28 3 (3) iy [] Jit
PERBU A THE, LR ARADT A S5 R
D, Ml D, T EHED), VKSR 1 AR, ¥ LISREL
B 8 SR AR A 2R (10 B SR A R 2 B s o
W, MEW T A K] A [R) ME AR B A

Phom =

FHE R 0.734, F Delta 3 5R 1549 [A] o 28 B0 A 1fE
BN 0.029, [FIBHEREL 95%M BAF X174 (0.677,
0.791). W 7E LISREL H1J{] Bootstrap I:AilEE 1000
WHEAT VTR, AR 56 5] 53 R B AR RS2 0.030,
95% 1) & 15 X [8] 4 (0.675, 0.793), 5 JH Delta 1:45-3|
25 R ILFAHR], A Bootstrap 745 1 1y 45 K &
SLUESIR, W LOCYPEE(E, HUEABI Delta 31
BB A X R 25 R TR

ABIFH Delta AT [R] 51 2R 5000 45 X )
M BE R 0114, Al ) 5 1 22 500K 00 FE AN 3,
) Jo0 1 R A IR 22V R, B R Rk 0.7
AT REAZ, I [ R AR B0 A DX R R R
0.677 7£ 0.7 Z'F, EBR 0.791 #£ 0.7 Z £, RHEEH
FE 05 1 [ M R AU S T A2, TR 21
A 53 A 40 W00 56 2 5 T B A o SRS s Al o
(0 A B0 R R T, BRI Sy ) P R B A T
0.734 KT 0.7, KI5 [R5 R 50mT LASE3Z,
] LA R4y, 5 X EAG TS 25 R IE A —
o B, RA BGRR[0 A
DX I, AR 3000 565 %) o A — 1 EL A O I TR

WM, K56 VR e Ab 3, ot
B[R] Tk R RS T A S B RS, M,
2011), ) 56 % ) o3 1 R (AR ) 0.883,
F Delta 3510 96 1 6] 5 1 22 500 AR BE ) b
HEER A 0.006, 95%E A7 X [0]24(0.872, 0.894). H
PERT UL, RS By i 7, K T 40 > 1 4k kb
B, S Al IS i [ Bt R (R A 0.149), IRAE L
FRUERARAL T 0.023), i@ AT LIE H, A
W R AFAE T 3k IR, T 10 56 A ] S 2R 25
2 W7 N, R R R RS W, B
DX [R] AN HER

5 1hHE

SRR 4 R ¥ IR R 4 Ry Y 1 L A S
AR H B S, TR RS R E ME R,
ALK A2 Jr A5 R A8 S5 A Ly Uk =, T
{5 BE LA B[R] o 1k AR A GRS B, 46, 2011),

MO EZ4 Lo & 7 W s ol A E U
I ok ey e AR, ) e o AR T L ) o R ROk A
o [ B PE A BOBOR, 56 R0 i 52 2 BT A R
I 0 8 19 2 Jey PR3- AR D, 3000 6 70 E R o
ABE 478 2 Jir A RS 0 A 3 R e L, BT A
AL E 2, DA mT RURE BT A5 A A 0 46 0 K
BLEST
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XU FBERUA 17 22 3, AR SRR L R Al
THFEBT I R A, FTHR R B 1 A A% S8 1 R - 23 A F
BRI G RAT . BARE T E R o i iy f5 il
AT LIS B — AN [Rl F R A, (H R AR ) )
ez mt, MR E M RBA AR Wik, fhiit
[F) Jo P 2R B T — o B IO AR, AR RN T A7
IO, AR AT FH S SCA 28 B9 05 B0 5 I 6 2 75 1)
D s s I D3 BE R il P Ry (R B2 1 [N AT P
T 43 BT 09 2 BRI RN R 56 2 A ST fE T IR
(asymptotic theory) 1), P, Aliif R B4 R 5T
FEAZR 1N 2 HA R (be i 200 LLE), £ WAk Y
L5 AT REAR AN K i (A5 DX () AT DA s e i k). G
BUE BE—FE, R RECS W REAUA G, AR
F14) i 2 R SIE I B b, R S AR R A [ 45 3 A TR R
PERBAB AT REASE], DA, B A o i ) O AR L
IEHaf 2, B0, AT a4 T RE AN MERG . LAk,
IR E A R IE ARG T, Hean Bl o —
Ay AR RGN 2 ) 3) 3 Y TR 5 1 2R L
FEA AR R .

565 1 () S5 1 R U AR N SR 24k, T LA
FEA I [R) B R BORAG T R ES800 Ak —
FE, FEAHY [R5 2R 5 2 78 FE CR AR Y [A] ot &
BOB T sl o Fed R Bt R A0y 45 X A Rh 78
SATTHS RIAE R, LA AN DU 56 1) 5 M 2R 40
T SR 0 565 [ 5 AR ) AR X R R BR R T
PR BUEAN 0.6), WHE AT LA RSy S ) B
FEO B XA BRI FE  RBUE, U A
BB T SO an S [m] o 1 R 50 A DX )
TEE R EE, DA AN BE 0 I 552 75 1T LA AR
ST, T BRI Z 05 s G — 2 AT .

Delta #5255 00 95 5 FE AR 8009 B85 DX Y 3
TR, AP T4 Fh 5 BE R 08 15 DX ] 1y Ak
i1(Laenen et al., 2009a, 2009b; Raykov & Penev,
2009, 2010) FHX A 31805 B R B0 B A5 X 1]
fRT BRI SE o AR SCHES ] Delta 3545 100 46 7] 5
PERB AR UER A, HENRAS R BTE RE EAS
DXIA] o BT BLRA 1 Anfaf F] Delta #3550 00 46 [m] 5
PERBCEE X R, JE4H T H LISREL 1HH &7,
N TAEZ T LA EZE .

fii ] Mplus FAF 98T UAS (A1 Mplus6.0), %5
MR, WTLUARZ S 135 Delta %M bR ELR,
It E e R B RO S XA BRESR 2 AT
H Mplus 6.11 #44:(Muthén & Muthén, 2010)>R A 3¢
A5 (] B PE R A s Al T . Delta 5 AR E

e M B AR X AR . 7ERPH OUTPUT #4>
7SI CINTERVAL i 4 AT LA #2245 21 [ BT R 50
BT DX R o AE TR0 56 W) 51 R E A B A XA,
fifi FH Miplus B {4 (14 182 28 0] LA B S5 2 AR Py it A 7
P15 f#H LISREL #RPF 28 v LI RIS 1 45
Y LISREL )7, MR¥EHLER W, feA=1)
FFEARER, FEIR A E AR X,

208 I A HEA T Ge o M s A, LG
5 [F e BB LB AE X ], LREH T a4
WMATERREE . Y Bk RBOR AT 8232 (e, K
RO A 20 R0 6 A VA T S, FE TG
G AT AR Lo ARad, G A A AL
5 BT LARESZ, i 0] LUK SE R AT 45 4 7 P e i 4y
B, AN B I 56 6 o T A T e AR AT
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Estimating Homogeneity Coefficient and Its Confidence Interval
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Abstract

Multidimensional tests are frequently applied to the studies of psychology, education, society and
management. Before aggregating all item scores to form a composite score of a multidimensional test, we should
consider the homogeneity of the test. Homogeneity coefficient which reflects the extent that all test items
measure the same trait can be employed to evaluate test homogeneity. If homogeneity coefficient is low, the
composite score is meaningless and cannot be used for further analyses.

Homogeneity coefficient is the proportion of variability in composite score that is accounted for by the
general factor, which is viewed as common to all items. Any multidimensional test can be represented by a
bifactor model that contains a general factor and local factors. Hence homogeneity coefficient can be calculated
based on a bifactor model. A unidimensional test with positively worded items and negatively worded items can
also be represented by a bifactor model, where the assessed construct is the general factor and method factors
are local factors.

The confidence interval of homogeneity coefficient provides more information than its point estimate.
There are three approaches to estimate the confidence interval of composite reliability: Bootstrap method, Delta
method and direct use of the standard error generated from an SEM software output (e.g., LISREL). It has been
found that the interval estimates that obtained by Delta method and Bootstrap method were almost the same,
whereas the results obtained by LISREL software and by Bootstrap method had large differences. Delta method
was recommended when estimating the confidence interval of composite reliability.

In order to compute the confidence interval of homogeneity coefficient, we deduced a formula by using
Delta method for computing the standard error of homogeneity coefficient. Based on the standard error, the
confidence interval can be obtained easily.

We used an example to illustrate how to calculate homogeneity coefficient and its confidence interval by
using the proposed Delta method with LISREL software. We also illustrated how to get the same result with
Mplus software that automatically calculates the standard error with Delta method and presents the confidence
interval.

Before composite scores of a test are aggregated for further statistical analysis, it is recommended to report
homogeneity coefficient so that readers could evaluate the extent that the statistical results are reliable.

Key words homogeneity coefficient; Delta method; confidence interval



