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100 MR o7 & E@
21, 31, 32, 05, 06, 09, 10, 22, 29, 18,
11, 01, 39, 92, 23, 27, 93, 97, 30, 02,
96, 40, 53, 78, 04, 98, 36, 0/, 08, 24,
54,55, 77, 99, 34, 03, 86, 87, 59, 60,
15, 62, 63, 43, 52, 28, 79, 58, 65, 95,
81, 85,57,14, 17, 33, 16, 19, 20, 37,
25, 69, 84, 61, 64, 68, 70, 42, 45, /2,
83, 89, 44, 38, 47, 71, 00, /3, 12, 35,
82, 56, 75, 41, 46, 49, 50, 94, 66, 67,
76, 51, 88, 90, 74, 13, 26, 80, 48, 91
PJ{EMean=53, #rEZSD(Std Dev)=15
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1004424 AE A FFFHAIHITH R Za 8 ®
(correlation coefficient matrix)
9 N A EFERERBATENEXER S
=5 1 2 3 4 5 6 7 8 9
FE1 0 1.00
FHE2 A2 1.00
FF 3 .08 .08  1.00
54 .50 11 08  1.00
RS .48 .03 12 45 1.00
ZH6 .07 .46 15 .08 A1 1.00
FEHT .05 .44 15 A2 12 44 1.00
¥ 8 .14 A7 .53 .14 .08 .10 06 1.00
*89 .16 .05 .43 .10 .06 .08 10 .54 1.00
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A /R 8 4 B4 (reproduced/implied matrix) =

KESANRXER S MAE M, FENEEER 2

5 S 2 3 4 5 6 7 8 g

R 1.00

#8200 1.00

283 11 .10 1.00

ZR4 50 .09 10 1.00

¥R 48 .09 .09 45 1.00

ZRe 10 46 10 .09 .09 1.00

#R7 09 44 09 .09 08 44 1.00

2H8 13 12 53 12 a2 12 A 100
280 11 10 43 00 .10 100 09 54 1,00
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9 MR EIFRHE M ATHAIIEXIER S

e 1 2 3 4 5 6 7 8 9

81 1.00

#5} 2 A2 1.00

53 .08 .08  1.00

¥F4 .50 I .08  1.00

FRES .48 .03 A2 45 1.00

%%l 6 .07 .46 15 .08 A1 1.00

FFL7 .05 .44 15 A2 12 44 1.00

% 8 .14 i) .53 .14 .08 .10 .06 1.00

#F 9 .16 .05 .43 .10 .06 .08 10 .54 1.00
KRESANBEXER S EE M, FBNBLER 2

28 1 2 3 4 5 6 7 8 9

FH1 0 1.00

82 00 1.00

#8311 00 1.00

R4 50 09 .10 1.00

SRS 48 09 .09 45 1.00

#8610 46 .10 .09 .09 1.00

#¥B7 0 09 4 09 .09 .08 44 1.00

88 13 12 53 a2 a2 12 a1 100

C5 T I A0 43 00 100 10 .09 .4 1.00

N1 AAU SEvP. 7



9 T AEFEREMEFSAOBECERE S

2F 1 2 3 4 5 6 7 8 9 L
225} 1 1.00 et
FEF 2 .12 1.00
FH 3 .08 .08 1.00 sF | s
2¢8E 4 .50 A1 .08 1.00 :
L S .48 .03 g2 .45 1.0 | giggs | £
286 .07 .46 .15 .08 % ; /
FF 7 .05 .44 15 A2 | EFELs
25} 8 .14 a7 .53 .14 .0
2=# 9 .16 .05 .43 .10 .0

L 2 65

— BE

kiES AR XERE s il | 2Fflo |-
65
2251 1 1.00 2T
=%} 2 .10 1.00
¥E 3 11 .10 1.00 STy 5
25} 4 .50 .09 10 1.00 IR D
FHES .48 .09 .09 A5 LT 1
p -

28 6 10 46 10 09 G| = -
= ) .09 .44 .09 .09 A — '
28} 8 13 12 .53 12 | 2SS
28 9 .11 10 .43 .10 . 1u L1u LUy . D% 1.uu
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o o EREAHER
(accuracy) FM7&] v 4
(parsimony)

- WEIETEE
(goodness of fit
index ) , FEFRANE
El’lé‘%ﬁ(flt index):

~ NNFI. CFI
— df=[ R&E & T &non-

duplicating elements,
p(p+1)/2] — [ #itz%
estimated parameters]

— FERE AT df =9 X
10/2 — 21 =24

9 MFEFRERBERNRKER 5

c

2
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4

5

6 T 8 9

1

¥ o .
3o
e
s .

86
87

FHe .
oo .

1.00

44 1.00

A0 .06 L1.00

0 100 M L
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RAHIE (T2 Mg =

correlation/covariance matrix S

—APEEZ A EPER AR (alternative models)

TN
SEM #2=program Input
(e.g., AMOS,
HSRED s g B
HH 5 sHHER /D X
iy H

W

2. ZBrESH (HFHffloading -

A

T-FH% & Ffactor correlations 2§)
M S
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Structural Equatlon Model and Its Appllcatlons

if SRR
| Exploratory vs Confirmatory
Factor Analysis

EHZR(ERR)
Kit-Tal Hau
BT UKREZHBTOLER
Educational Psychology Dept,
The Chinese University of Hong Kong
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Additional notes on EFA @

‘.' i
-

Exploratory Factor Analyses (EFA
* Inthe above analyses, we have a

structure in mind to test, this process is
called confirmatory factor analysis (CFA)

* ItIs also possible that we have no “theory”
In mind to test, I.e., we have the following
research guestions:

— How many cluster of subjects are there? How

do these 9 subjects relate to each of these
clusters (factors)?

— Which of these subjects are more closely
related/correlated than others?

KT HAU SEM p. 13



MATRIX DATA variables=ROWTYPE vl to v9. "%
begin data.

N 100 100 100 100 100 100 100 100 100
SD111111111

CORR 1.00

CORR 0.12 1.00

CORR 0.08 0.08 1.00

CORR 0.50 0.11 0.08 1.00

CORR 0.48 0.03 0.12 0.45 1.00

CORR 0.07 0.46 0.15 0.08 0.11 1.00

CORR 0.050.44 0.150.12 0.12 0.44 1.00

CORR 0.14 0.17 0.53 0.14 0.08 0.10 0.06 1.00
CORR 0.16 0.05 0.43 0.10 0.06 0.08 0.10 0.54 1.00
END data.

Factor matrix in(corr=*)/plot=eigen. KTHAU SEMp. 14

Using SPSS, run the following program @

AU N AU U A




The output:
Principal Components Analysis

Eigenvalues and Eigenvectors

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9
EV 2.56 1.66 1.63 0.69 0.59 0.56 0.50 0.45 0.36
% Var 28.4 185 18.2 7.6 6.5 6.2 56 50 4.0
Cum% 28.4 46.9 65.1 72.7 79.2 85.4 91.0 96.0 100.

KT HAU SEM p. 15



3 rules to determine Seree Plot
number of factors

EV(eigenvaluefFirfd ) ~
=1

15

scree testitf:
greatest change in
slope

meaningful
dimensions

Eigenvalue
— s
s T

.
=
1

0.5

007

Component Number

KT HAU SEM p. 16



Assume 3 factors, we run the following program and obtain further @
iInformation O

MATRIX DATA variables=ROWTYPE __ v1 to v9.

begin data.

N 100 100 100 100 100 100 100 100 100
SD111111111

CORR 1.00

CORR 0.12 1.00

CORR 0.08 0.08 1.00

CORR 0.500.11 0.08 1.00

CORR 0.48 0.03 0.12 0.45 1.00

CORR 0.07 0.46 0.15 0.08 0.11 1.00

CORR 0.050.440.150.120.12 0.44 1.00

CORR 0.14 0.17 0.53 0.14 0.08 0.10 0.06 1.00

CORR 0.16 0.05 0.43 0.10 0.06 0.08 0.10 0.54 1.00

END data.

Factor matrix in(corr=*)/criteria=fac(3)/rotate=var  imax.
Factor matrix in(corr=%)/criteria=fac(3)/rotate=pro ., max, , .,



factors are assumed to @
| be uncorrelatedFAc e s
The Output [ -

Varimax-Rotated Factor Loadings
Factor 1 Factor 2 Factor 3 Unique Var
VAR 1 0.10 0.82 0.03 0.68
VAR 2 0.06 0.05 0.79 0.64
VAR 3 0.79 0.04 0.11 0.63
VAR 4 0.06 0.80 0.08 0.65
VAR 5 0.03 0.79 0.06 0.63
VAR 6 0.07 0.05 0.79 0.64
VAR 7 0.06 0.07 0.78 0.62
VAR 8 0.85 0.08 0.07 0.73
VAR 9 0.80 0.07 0.01 0.65

KT HAU SEM p. 18



Promax-Rotated Factor Loadings @
e

B vedhs Factor 1 Factor 2 Factor 3 Unique Var"
be correlatedfIAE | =00 ocmmmmmmm mmmmmmem e e

VAR 1 0.04 0.82 -0.03 0.68
VAR 2 0.00 0.00 0.80 0.64
VAR 3 0.79 -0.03 0.05 0.63
VAR 4 0.00 0.80 0.03 0.65
VAR 5 -0.03 0.80 0.01 0.63
VAR 6 0.10 -0.01 0.80 0.64
VAR 7 -0.01 0.02 0.79 0.62
VAR 8 0.85 0.01 0.00 0.73
VAR 9 0.81 0.01 -0.05 0.65
Factor Correlations
Factor 1 Factor 2 Factor 3
Factor 1 1.00
Factor 2 0.16 1.00
Factor 3 0.16 0.14 1.00 KT HAU SEM p. 19



EFA (exploratory FA)

CFA (confirmatory FA

No specific idea on how
variable are related

Have some guess
(hypotheses) on
relations among
variables (e.g., Variables
2, 6, 7 should load on
Factor 3)

determine number of
factors using Eigenvalue
(EV = 1 or scree test)

know beforehand the
number of factors

each item loaded on ALL
factors, though some
loadings are small

ltems loaded on
targeted factors only

KT HAU SEM p. 20
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100224 O NRRERAREA 28 9
(correlation coefficient matrix)
9 M AEFEREREABHAHEXIERE S
=5 1 2 3 4 5 6 7 8 9
FE1 0 1.00
FHE2 A2 1.00
FF 3 .08 .08  1.00
#F 4 .50 11 .08  1.00
RS .48 .03 12 45 1.00
Z¥6 .07 .46 15 .08 A1 1.00
FEHT .05 .44 15 12 12 44 1.00
¥ 8 .14 A7 .53 .14 .08 .10 06 1.00
*89 .16 .05 .43 .10 .06 .08 10 .54 1.00
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BRI 1

BAFL 4

EAFL S

=20

BT 6

EAFY. 7

EELF 3
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ELF O
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9 T AFEFERE RIS AHEXIERE S

¥

1 2 3 4 5 6 7 8 9 ::@J}j‘%
F=#1 1.00
FFL 2 .12 1.00
ZFE 3 .08 .08 1.00
=% 4 .50 S .08 1.00
6L S5 .48 .03 A2 .45 1.00
56 .07 .46 .15 .08 .11 1.00
== S .05 .44 .15 .12 A% .44 1.00
¥} 8 .14 17 .53 .14 .08 .10 .06 1.00
2=Fl 9 .16 05 .43 10 .06 .08 .10 .54 1.00
KBEANHEXERE SR M, IS BEERE X
=} 1 2 3 4 5 6 7 8 9
1 1.00
¥} 2 .10 1.00
83 11 .10 1.00
¥4 .50 .09 .10 1.00
=3 S .48 .09 .09 .45 1.00
FEL 6 10 .46 10 .09 .09 1.00
FE 7 .09 .44 .09 .09 .08 .44 1.00
“FE 8 % 5 12 .53 AR 12 B ) 11 1.00
#F 0 11 .10 .43 .10 .10 .10 .09 .54 1.00

KT HAU SEM p. 24
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B2 4

EF] 5

B2 2

HFL 6
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I s, T !
1 i 8 8 |

FRAY df

5 (no. of estimated parameters)
XNNFI CFl FEMGHHISHA

M1 24

M2 27
M3 26

M4 26
MS 27
M6 24
M7 21

40 973 982 21 =9 Load + 9 Uniq + 3 Corr

503 .294 471 18 =9 Load + 9 Unig
255 .647 745 19=9 Load + 9 Uniq + 1 Corr

249 .656 .752 19=9 Load +9 Unig + 1 Corr
263 .649 .727 18 =9 Load + 9 Unig

422 .337 558 21 =9 Load + 9 Uniq + 3 Corr
113 .826 .898 24 =9 Load + 9 Uniq + 6 Corr

KT HAU SEM p. 34



9

R L5 (Model Comparison)™

o HHE), PEEE (fit), AReIRIERL, W REAAIE

5 i} (parsimonious) X AU & (fit) SR 4 B AL

e FAlInput:

— Mk (EiPrFZE) ¥ correlation/covariance

matrix S

— — P E N E BRI BE Y (alternative models)

o i Output:

- B a e, X5 S ERE/IIFEM 2

— 51t % B2 = parameter ([E

+fifefloading. [k

+#H 5% & Fifactor correlationsZ:) .
— THE &R LS 52 (goodness of fit indexes)

KT HAU SEM p. 35



RAHIE (T2 Mg =

correlation/covariance matrix S

—APEEZ A EPER AR (alternative models)

TN
SEM #2=program Input
(e.g., LISREL)
e s ke el
HH 5 sHHER /D X
iy H

W

2. ZBESH (HFMfrloading .

A

T-FH% & Ffactor correlations 2§)
M S

KT HAU SEM p. 36



45 1) 7 R AR Y ) B B

« Structural Equation Model » SEM

e Covariance Structure Modeling » CSM
« AMOS = Analysis of Moment Structures

* LInear Structural RELationship » LISREL
— (EQS, Mplus, etc.)

KT HAU SEM p. 37



TR

o MIEAEH (measurement model)

X=A4,6+0
y = Ayn +¢&

5 hrexogenous (HI6TIHZEFEHR)
Y— jaﬁendogenous (aigE. . gL

A, A, —AFHMREEE (loading)
0 ' & —IRZEI (unigqueness, measurement
errors)
o ZHFATRAY (structural model)
n =By +I¢ +¢

KT HAU SEM p. 38
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[F) s AL 3 22 A R AR -

= (many dependent

variables)

FI AL U R s

factor structurefrﬂ 5,

TRA adn Y

Vi e— 31

Yy — .35

Vi le— 49

Vi e— 3

Vi le— 1

Ve f+— 69

Vo e— 80

Vg te— 68

Vo e K50

KT HAU SEM p. 39



> KUFEA=
iIndependent
variable 1548 &
dependent variable
IR RZE
measurement error
(L4t 7v% CanlalA
regression) R H
A7 & independent
variable?F 1% % |

—

Isigve 7 ceees
WME H RmE W8 H RE
B/ T B/ T
observed true error observed true error
score score score score
X TZ e Y Ty e
8 4 +1 5 3 +2
5 6 -1 6 ! -1
7 5 42 9 7  +2
9 8 +1 5 3 -3
X = Tx+ e Y = Ty + e
if r (X,Y) =0.5

r (Tx,Ty)= 0.5 /[(rxt-t) (ryt-0)1%2
=0.71 (assume ri+ =0.7)
KT HAU SEM p. 40



> VR ORSRE R AR R
> AT R IS R

model fit]H ALLEAS AL ]

> SEMALHE: [B]JH 43 #r
regression. K745 W‘ﬁ(%’ﬂﬁ
M FArHTCFA.  #RR MR
T HTEFA).  t Hiit-test.
J7 Z 45X HTANOVA.  FL %4

A+ J{HEgroup mean

comparison. A& HAE H#E R

interaction. SCIG K iTexpt

design

42—

Jl—s

Sl—

24

Vi — 3l

2l

Yy [e— .3

Y3 la— 49

(2

Yy je— 53

772 Y ol

ailieg)| /4 o le— 10
)\ L

o Y Ve e 0

Y, — £

Yy le— 68

-
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IV Confirmatory Factor
Analysis

(Run 1)

B2 (BERE)
Kit-Tai Hau
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1 z 3 4 5 & 10 11 12 13 14 15 16 17.
1 .1,
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4 .02 .03 041
£ .15 .19 .14 _0Z L.
& .17 .15 .20 .0l .47, 1.
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11 .14 .15 .13 .0l .1& .30 .13 .08 .38 .38, 1
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13 .1% .20 .15 .0l .14 .24 .09 .24 .15 .21 .21 .45 1.
14 .18 .21 .12 .03 .25 .18 .18 .18 2% .17 .24 .28 .35 1.
15 .08 .18 .15 .0l .2Z .20 .22 .12 _1% .16 .21 .25 .20 .26, 1.
16 .1z .16 .25 .0Z .15 .1% .Z0 .14 _17 .20 .14 .20 .15 .20 .50 1.
17 .20 .16 .1 .04 .2E .14 .21 .17 .21 .21 .23 .15 .21 .2z .29 .4l 1.

.._l
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Menu
command

2: Unnamed project

: Group number * : Input

- File Edit View Disgrem Anelyze Took Floging Help

chapl _2_CFALamw
chap3_1_2 CFALamw

Drawing
area

Display ;

area

KT HAU SEM p. 45



To draw the CFA diagram =

1. Click %E ‘ on toolbar = click/drop on
drawing area, click 4 times -

g

2. Click O , click on the factor circle
on the drawing area 3 times, to rotate %

3. Repeat, add paths, etc. to become:

KT HAU SEM p. 46
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H1

w2

Hd
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displayed:
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Results
Analysis Summary
Date and Time
Date: 200945 H6 H
Time: 4 07:36:56
Title Chap 3 CFA

Notes for Group (Group number 1)
The model is recursive
Sample size = 350

KT HAU SEM p. 49



Variable counts (Group number 1)
Number of variables in your model:
Number of observed variables:
Number of unobserved variables:
Number of exogenous variables:
Number of endogenous variables:

39
17
22
22
17

Parameter summary (Group number 1)

Weights Covariances Variances Means Intercepts Total

Fixed
L abeled
Unlabeled

T otal

22
0
12

34

0

0
10

10

0

0
22

22

0

o O O

0 22
0 0
0 44
0 66

KT HAU SEM p. 50




; %/
e {
'8, \ )

Computation of degrees of freedom (Default ===
model)

Number of distinct sample moments: 153
Number of distinct parameters to be estimated: 44
Degrees of freedom (153 - 44). 109

Result (Default model)
Minimum was achieved
Chi-square = 194.570
Degrees of freedom = 109
Probability level = .000

KT HAU SEM p. 51



24 (parameter)

Standard Error SE

a e\g -- Regression WeightSl_@%{;,.

E=.980/.145=6.764

Maximum LI d

Estimate S.E. C.R. P
X1 <~ A 1.000 t-value= Z=3S
X2 <--- A 980 .145 6.764 ko
X3 <--- A 1.050 .150 7.007 Kk
x4 <--- A 089 110 .807  .419
X5 <--- B 1.000
X6 <--- B 888 124 7.157 ok k
X7 <--- B 794 115 6.881 Kk
X8 <--- B 436 126 3.469 ko
X9 <--- C 1.000
x10 <--- C 1.045  .145 7.205 ko
x11 <--- C 1.098 152 7.229 Kk
x12 <--- D 1.000
x13 <--- D 1.057 .132 8.032 *kk
x14 <--- D 875 133 6.557 ko
x15 <--- E 1.000
x16 <--- E 1.100  .127 8.677 Kk
x17 <--- E 844 119 7.087 ko

KT HAU SEM p. 52




Standardized Regression Weights:

Estimate

992
580
621
.053
.642
or71
510
.280
985
612
.643
621
.656
943
.654
719
992

< A
< A
< A
< A
<-- B
<-- B
<-- B
<-- B
< C
< C
< C
< D
< D
< D
< E
< E
<-- E

x1
X2
X3
x4
X5
X6
X/
X8
X9
x10
x11
x12
x13
x14
x15
X16
x17

KT HAU SEM p. 53



Covariances: (Group number 1 - Default model)

Estimate SE. C.R. P
A <-> B 199 040 4934 ***
A <-> C 139 034 4102 ***
A <-> D 187 039 4798 ***
A <> E 163 036 4518 ***
B <-> C .198 039 5096 ***
B <-> D 215 041 bB.276 ***
B -> E .208 042 4895 ***
C <> D 174 036 4.833 ***
C <> E 169 037 4573 ***
D <-> E 201 041 4.845 ***

; %/
e {
'8, W

— Rk
'___I:__‘-__:\.-J' L =]
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Squared Multiple Correlations: (Group number 1 - Def  ault mod _

Estimate s
x17 305
xX16 518
x15 428
x14 295
x13 430
x12 385
x11 413
x10 374
X9 343
X8 .078
X7 .260
X6 325
X5 412
X4 .003
X3 .386
X2 336
x1 .350
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Modification Indices -- Covariances:

M.l. Par Change

elb
el0

PRO2GHEEAIBBR B

<-->el/
<-->¢el4
<-->el2
<-->D
<-->B
<--> A
<-->¢el3
<--> 9
<-->¢ell
<-->ef
<--> e8
<-->ef
<-->¢el6
<--> e8
<--> e8

6.18
5.65
8.63
6.57
16.58
24.86
.77
4.33
8.19
5.92
5.34
5.86
5.61
10.38
10.40

-.10
-.10
-.12
.09
-.15
A7
-.10
.09
12
-.10
-.10
10
.09
15
15

£ rd
: £
el ey
:i
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Regression Weights:

M.IL. Par Change
x17 <-—-—- C 4.38 20
x17 <--—- x5 4.28 .10
xl6  <--—- x11 4.25 -.09
xl6 <--—- x6 4.17 -.09
xl6  <--—- x5 4.05 -.09
x14 <-- x9 4.06 .10
x4 <--—- x5 4.37 10
x13  <--- X7 5.82 11
x12 <--- x9 6.25 -.12
xll <--—- x6 522 g1
X9 < x12 6.68 -12
x8 <-- D 1040 32
x8 < A 20.61 49
x8 <--- xI13 8.72 15
x8 <--- x12 6.25 13
x8 <-- X3 5.88 13
x8 <--—- X2 20.83 24
x8 <--- xl 20.90 24
x6 <--- xl1 6.40 12
x5 <--- x12 4.14 -.09
x5 <--- X8 4.83 -.10
X2  <-- X8 9.85 15
x1 <--- X8 9.54 15

AN H

E‘Jiﬁ\v

H

g ?
r 2 A p—t L i Y L—
o T 5. 8 |

Maximum Modification
Index is 20.61 for
Element x8 € A

E1ETa 20122 20 [ €

ik, 2
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Model Fit Summary & (LS5t | 0.56 x (N-1) = chi
Sa%‘]Par — p X (p+1)/2 0.56x349=194.57

Ind._nPar =

M odel \NPAR CI\MF P CMIN/DF
Default model 44 19457 109 .00 1.79
Saturated model 153 .00 0

| ndependence model 17 1104.79 136 .00 8.12
M odel RMR GFl AGFI PGFI
Default model .05 94 .92 .67
Saturated model .00 1.00

| ndependence model 19 .60 55 53

_/

Oldest (LISREL) indexes:
RMR, GFI, AGFI, (SRMR)
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TLI = NNFI CFI = RNI

NFI RFI  [FT—TLI e o C8
Model Deltal rhol Ddta2 rho?2 ¥FI
Default model .82 .78 91 .89 91
Satur ated model 1.00 1.00 1.00
| ndependence model .00 .00 .00 .00 .00
M odel PRATIO PNFI N PCFI
Default model .80 .66 73
Satur ated model Q0 .00 00
| ndependence model 1.0 .00
/ \
pRatio = df (hypo model)/df (null model) PCFI = pRatio x CFlI

= (153 -44)/(153-17) =.80x.91
=109 /136 = 0.801 13
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Completely Standardized Solution

K' F
r~ 2 ‘I- et L% 3 . -
o T 5. 8 |

<= ==

<= X
=

(&5 =

(E6D =

<p

ETD— %70 Joea

ETD

s B

& —

&1

@ BS

E1E (<16 |
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25 SR ARERE

° X4EAHﬁJ\1T|Oad|n91E/J\ (0.05), {HEH
AFHIBIEFEZE (MI, modification index)

9

ey L
:'_—_[EE_-:h__) L —f’s::é;:}

fit

A& (0.00, 0.02, 0.00, 0.02 in B,C,D,E)

- AMNEA, WAIEE AR

Q8fBBﬁﬁiﬁTm (0.28) , HIEAHIMIx&

o [ j‘mﬁa%f@m (0.4Q % 0.54)

o BRI AU L X (109) =194.57,
RMSEA=0.047, TLI = .89, CFI= .91,

o HrIR B H WA G, Ml2:Q4, Q8IHAA
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w1

Hg9n0anene ror

RALE

* Q8

frrfRis (.49)

BA

J—_: MB

g

o S i T

Za

T

b/

e X°(94) =149.51 -
RMSEA=.041 -
TLI=.93 > CFI

=.94

@)
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w10

#11

#1121

#13

H4

#19 |e

W16

1980000900088 00 00

#17

pAlETE M. &

; T b=
:—_—_L.-':E’J' ¥ t_ﬁ_.'@::;—_:_l_____l

® ¥’ (93)= 148.61, RMSEA
— 041, TLI = .93, CFI
= .94 -
® Q8fEATfar N .54, fEB
fitei N -.08
® X NHES Q8N 5BRIE
M, #SAEHE., mHHX
T ARG, B CAFRAITIE

¥
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& IFmodification B BRI (& Fe 5 Lt

9

i rd
-

% df  ¥° RMSEA NNFI CFI iF

M-A 109 195 .
M-B 94 150 .
M-C 93 149 .
MB-2 99 152 .

046
041
041
039

.89
.93
.93
94

91 JE A
94 |
94
95 27 A+

—_—

HQ4,08-A
1Q4,08-A,B

—_—
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Y AY =y Rt PN

Structural Equatlon Model and Its Appllcatlons

R Jl‘t

A
=

IV 5k

j<

T4

IV Confirmatory Factor
Analysis

(Run 2)

B2 (BERE)
Kit-Tai Hau

BHEPXREHAFTLHER
Educational Psychology Dept,
The Chinese University of Hong Kong

{EFHEREEH LA
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RECATIN
Confirmatory F

()17 H:

=

gy

Y

7 25 K BT
(i)A~B-C-D-E
(i) 4~ 433 3

(iv) 35014

| —a
|

o

rt':

L~

j<

T4

ac;tor An

{@

i

gs, CFA

-

aly

1 z 3 4 5 & 10 11 12 13 14 15 16 17.
1 .1,
z .31
3 .38 35,1
4 .02 .03 041
£ .15 .19 .14 _0Z L.
& .17 .15 .20 .0l .47, 1.
7 .ED .13 .1 .00 .40 .zl 1.
.32 .3z .zl .02 .10 .10 .07 1.
9 .10 .17 .1z .0Z .15 .18 .23 .13 1.
10 .14 .16 .15 .03 .14 .19 .18 .18 _37.1.
11 .14 .15 .13 .0l .1& .30 .13 .08 .38 .38, 1
1z .18 .16 .24 .0Z .14 .Z1 .Z1 .22 .06 .23 .18 1.
13 .1% .20 .15 .0l .14 .24 .09 .24 .15 .21 .21 .45 1.
14 .18 .21 .12 .03 .25 .18 .18 .18 2% .17 .24 .28 .35 1.
15 .08 .18 .15 .0l .2Z .20 .22 .12 _1% .16 .21 .25 .20 .26, 1.
16 .1z .16 .25 .0Z .15 .1% .Z0 .14 _17 .20 .14 .20 .15 .20 .50 1.
17 .20 .16 .1 .04 .2E .14 .21 .17 .21 .21 .23 .15 .21 .2z .29 .4l 1.

.._l
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In SPSS, prepare the raw data or

corr matrix

MATRIX DATA variables=ROWTYPE_ v1 to v17.

begin data.

N 350 350 350 350 350 350 350 350 350 350 350

350 350 350 350 350 3350 CORR .19 .20.15.01 .14 .24
Sb11111111111111111 21.21.45 1
CORR 1 CORR .18 .21 .18 .03 .25 .18
CORR 34 1 12 .24 . 28.35 1
CORR 38 351 CORR .08 .18 .16 .01 .22 .20
CORR .02 03 .04 1 16 .21 .25.20.26 1
CORR 15 19 14 02 1 CORR .12 .16 .25 .02 .15 .12
CORR .17 .15 .20 .01 42 1 Cozg 'Z; 'ig 1‘2 '33 ig 14
CORR .20.13.12.00.40 .21 1 51 93 1E 21 99 29 a1
CORR .32 .32.21.03.10.10.07 1 .

END data.save outfile =

CORR .10.17.12.02.15.18 .23 .13 1 D\AMOS\chap3CFA.sav’,
CORR .14 .16 .15 .03 .14 .19 .18 .18 .37
CORR .14 .15.19.01.18.30.13.08.38.38 1
CORR .18 .16 .24 .02 .14 .21 .21 .22 .06 .23 .18 1

i Fa
~ A gy
- S

.09 .24 .15

18 .18 .22

22 .12 .12

20 .14 .17

21 .17 .21
1
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In AMOS: to start @@

Ref: Amos xx.x User’s Guide and Programming

Reference Guide in X:\Program Files\Amos
xX.x\Documentation\

Either:

start = program = Amos xX.x =2 Amos graphics
double click *.amw
drag/drop *.amw from explorer to Amos graphics

Start - programs - Amos XX.X = view path
diagrams - double-click *.amw

iIn SPSS - analyze - Amos xXx.X
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Menu
command

o Unnamed project : Group number * : Input

- File Edit View Disgrem Anelyze Took Floging Help

chapl _2_CFALamw
chap3_1_2 CFALamw

Display
area

N

Drawing
area
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Ne@=E T O

MEEodcml O
00 B & 4 X (3 1o o

|
B
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06:2"3
o]
:"

1]
i
T

Xy

P
=T
w

“5F oS

*?
i

draw observed
draw path
figure caption

select one object

duplicate objects
change shape obj
move parm. Values
select data files

cc path diag/clip bd
Object properties
zoom in select area
Show entire page
Bayesian

undo prev change

toolbar option

draw unobserved draw latent/add ind

draw covariance add unique variable
list var in model list var in data set
select all object deselect all objec  ts
move objects erase objects

rotate indicators reflect indicators
reposition path diag touch up variabl e

analysis properties calculate estimates
view text save current diag

drag prop obj ->0bj preserve symmetries
View a smaller area  View a larger area
resize diag fit page  examine withalou pe

multiple-gp analysis Print selected graph
undo previous undo specification sear ch

toolbar option toolbar option



View input path diagram View output path @
2 It_i oo c c S Y
Wil Gt (model specification) diagram ==

Group number
Model selection

B e e Unstandardized /standardized
| estimates
M%ﬁﬂ - Interaction process

MmJImJIn‘-i'i-'BS achiewed

s 1 2 CEAT amw * amw files
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To draw the CFA diagram @

1. Click %(E ‘ on toolbar = click/drop on

drawing area, click 4 times - w
2. Click O click on the factor circle :
on the drawing area 3 times, to rotate :

3. Repeat, add paths, etc. to become:
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B

5 |8 & o O=/b & » 0l 7 ¢

. .
1. Generate *.sav file ;e v3=y3#1 542

save outfile=c: My Documents SEM file] .sav
'keep=v3.v6.v7.v9 v10 vI1 vI12 v13.v20.

2. Click “Select data files’ % elect the
*- Sav fl Ie Da:r::;ame | File | Variable | Value | N

File Name } } Hel }
3. Click “list variables in data set” =  [awsense 215
drag and drop the variable to the =~ | '
box/circle in the diagram, right =~ |-
click to add names, then [T 3
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;?; Chap3 1 2 cfal ; Groop nomber 1 - OK: Defanlt model
File | Edit | V3 JiaeTs Analyze  Tool: FPluging Help :

-

by ey

(1

-
Cw—
n

x

o

o
o
h

o
—
oy

Ll
to cliphoard ) CHl+C @ z9
w0 / N ) <
- @—{E}
Desmlect A1 @
Lk (%) B
v G =T
S 6 =
Eirase Tialat ; @ 57
Move Parameter
. A5
- Reflect @ - ..
FRotate e '51
Shape of Object B cor @ 10 '-4
Space Horizonts
Space Vertically @
Diag Properties. . CHel4it 213 %12 e 22
Fit to Page CtltF @ -}:13 -SEE
Touch Op Ctl+H :
) (B14)
E19)
ab
@1D
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av
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w0 s

B2

=1
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B3
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o T 5. 8 |

To adjust parameters
displayed:
Taas 2

1 "-.-'l.lr.-‘ oOEN
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H4 1500 EE (fixed, FI) ?
1) [EEA KRR, Kok

— AN s (FRhREL
A0

« B, AME, FFET A

A

THARFEAEMK,
— T B WE KT 1Y = B (set metric/scale)

%

o TV AL (metric), ToikitH.

o — iRt FT A A5 2 8 e N (B

#l 7€ NO.
7ENO.

N

FRONTE 8 77 212 (fixed variance met

o« —MRIERAE

T2, TRIRR N[

Amos for CFA

» AR FRENE

~+-F

RPN A
7€ fifaf v (fixed

=

Nn, [k

Al H D),

nod)

7€ N1 (EH;

i

~

oading), as Iin

(free,FR): P 5 244 tH I Z %X
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To see results: Click “view text”

chapd 1.2 CFAT.amw
Eiﬂ--ﬁnal*,rsis Summary
Notes for Group
Eiﬂ--‘u’an'ahle Summary
- Parameter summary
Eiﬂ--SampIe Moments
- Notes for Model
i1k Estimates
#- Modication Indices
- Mirimization History
EE Pairwise Parameter Comparis
#-Model Fit
- Execution Time

g?: ATos Output

g

f:@ﬁ:fi%g |

| [E): [

Ya@gme| e vz -7 -0 (B[O E : @

_2 CFAl.amw
4 is Summany

i Notes for Group
E::I--‘u"ariable Summary
- Parameter summary
Eii--SampIe Moments
Eﬂ Motes for Model

Y coimstes

Ei Muodification Indices
Minimization History
E:I Pairwise Parameter Comparis
i Model Fit

i Execution Time

4 | n r

Group number 1

Default model

Estimates (Group number 1 - Default model)
Scalar Estimates {Group number 1 - Default model)
Maximum Likelihood Estimates

Regression Weights: (Group number 1 - Default model)

Estimate SE.CE P
xl =- A 1.000
x2 <--- A 080 145 6764  wEE
X3 = —- A 1.050 150 7.007  ==*=*
x4 <--- A 089 110 807 419
x5 <--- B 1.000
x6 =-- B B8R 124 7157 %
x7 <--- B 794 115 6.8BB1 %%
x8 <-- B 436 126 3469 ===
9 <--- C 1.000
x10) = C 1.045 145 7205 =%
x11 =—- C 1.098 152 7220  =%%
x12 <--- D 1.000
x13 =-——- D 1.057 132 8032 ==
x4 = D 875 133 6557  wEx
x15 = E 1.000
xl6 <--- E 1.100 127 Be&77  *==
x17 =—- E 844 119 7087

Label

par 1
par 2
par_3

par 4
par 5
par_6

par 7
par 8

par 9
par 10

par_11
par 12

Standardized Regression Weights: (Group number 1 - Default model)

[N}

T W\ iV M

A A

Ll | ¥




Results
Analysis Summary
Date and Time
Date: 200945 H6 H
Time: 4 07:36:56
Title Chap 3 CFA

Notes for Group (Group number 1)
The model is recursive
Sample size = 350
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Variable Summary (Group number 1)

Your model contains the following variables (Group number 1) =
Observed, endogenous variables
x1
X15 C
X2 x16 e9
X3 x17 e10
X4 ell
X5 Unobserved, exogenous D
%6 variables el?
A el3
X7 el eld
X8 e2 E
X9 e3 els
x10 e4 el6
11 B el7
ed
x12 e6
x13 e7
x14 e8
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Variable counts (Group number 1)
Number of variables in your model:
Number of observed variables:
Number of unobserved variables:
Number of exogenous variables:
Number of endogenous variables:

39
17
22
22
17

Parameter summary (Group number 1)

Weights Covariances Variances Means Intercepts Total

Fixed
L abeled
Unlabeled

T otal

22

0
12

34

0

0
10

10

0

0
22

22

0

o O O

0 22
0 0
0 44
0 66
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; %/
e +f
'8, Vi —

o T 5. 8 |

Computation of degrees of freedom (Default
model)

Number of distinct sample moments: 153
Number of distinct parameters to be estimated: 44
Degrees of freedom (153 - 44): 109

Result (Default model)
Minimum was achieved
Chi-square = 194.570
Degrees of freedom = 109
Probability level = .000
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24 (parameter)

Standard Error SE

Maximum IW?S%Q tes -- Regression Weights:_ @’

Estimate S.E. C.R. P

X1 < A 1.000 [L-value=z ﬁ%ZUSE_QSO/ 145=6.764

X2 <--- A 980 .145 6.764

X3 <--- A 1.050 .150 7.007 = ***

x4 <--- A 089 110 .807  .419

x5 <--- B 1.000

X6 <--- B 888 124 7.157 @ **x

X7 <--- B 794 115 6.881 = ***

X8 <--- B 436 126 3469 @ **x

X9 <--- C 1.000

x10 <--- C 1.045 145 7.205 @ **x*

x11 <--- C 1.098 152 7.229 @ **x

X12 <--- D 1.000

x13 <--- D 1.057 132 8032  **x

x14 <--- D 875 133 6557 @ ***

x15 <--- E 1.000

x16 <--- E 1.100 127 8677 = **x*

x17 <--- E 844 119 7.087 = **x*
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Standardized Regression Weights:

i 3

T |
=]

VOI/IN O - MAN A1 OO NM—TdOMTS O N

m_b_b.6.0.6.5525.666.6.5.6.7.5
7
LL

1 R T T T S T N (R S S T T N S S

i [ T T T S S S (R S S S S (R S

] (TR TN T TN TR NN TN [N S TR AN [ [ S S

V VVVVVVVYVYVYVYVYVYVYV\YVYV

O 1 AN M O O M~

I N M <L OMN0VO I o o A A A

X X X X X X X X X X X X X X X X X
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Covariances: (Group number 1 - Default model)__ﬁ@_ |

Essimate SE. C.R. P
A <--> B 199 .040 4934 ***
A <--> C 139 .034 4102 ***
A <--> D 187 .039 4.798 ***
A <-> E 163 .036 4518 ***
B <--> C 198 .039 5.096 ***
B <--> D 215 .041 5276 ***
B <-> E 208 .042 4895 ***
C <> D 174 036 4.833 ***
C <> E 169 .037 4573 ***
D <--> E 201 .041 4.845 ***
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Correlations: (Group number 1 - Default model)§g

Estimate
A <--> B 525
A <--> C 402
A <--> D 510
A <--> E 423
B <--> C 527
B <--> D 541
B <--> E 496
C <--> D 481
C <--> E 442
D <--> E 496
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Variances: (Group number 1 - Default model)

Estimate S.E. C.R. P
A .349 074 4.725 * k%
B 411 .086 4.796 * k%
C 342 072 4774 * k%
D 384 075 5.098 *kx
E 427 077 5.562 *kx
el .648 .068 9.585 * k%
e?2 .662 .068 9.808 * k%
e3 .612 .068 8.949 * k%
e4 994 075 13.192 *kx
eb .586 075 7.838 * k%
eb 673 067 10.034 * k%
e’/ 738 068 10.831 *xx
e8 919 074 12.398 * k%
€9 .656 .066 0.942 * k%
el0 .624 .066 0.397 *xx
ell 585 067 8.736 * k%
el2 .613 .065 9.363 * k%
el3 .568 .067 8.508 * k%
eld .703 067 10.512 * k%
el5 570 .063 9.112 * k%
el6 481 .065 7.382 * k%
el’ .693 065 10.694 * k%
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Squared Multiple Correlations: @

Estimate
x17 305
X16 518
x15 428
x14 295
x13 430
x12 .385
x11 413
x10 374
X9 343
X8 .078
X7 .260
X6 325
X5 412
X4 .003
X3 .386
X2 336
x1 350
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Modification Indices -- Covariances:

M.I. Par Change

elb
elO

& & &

PRR&EEEEIAB

<-->el7/
<-->¢el4
<-->el?2
<-->D
<-->B
<--> A
<-->¢el3
<--> 9
<-->ell
<-->ef
<--> e8
<-->ef
<-->¢el6
<--> e8
<--> e8

6.18
5.65
8.63
6.57
16.58
24.86
.77
4.33
8.19
5.92
5.34
5.86
5.61
10.38
10.40

-.10
-.10
-.12
.09
-.15
A7
-.10
.09
12
-.10
-.10
10
.09
15
15
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Regression Weights:

M.IL. Par Change
x17 <-—-—- C 4.38 20
x17 <--—- x5 4.28 .10
xl6  <--—- x11 4.25 -.09
xl6 <--—- x6 4.17 -.09
xl6  <--—- x5 4.05 -.09
x14 <-- x9 4.06 .10
x4 <--—- x5 4.37 10
x13  <--- X7 5.82 11
x12 <--- x9 6.25 -.12
xll <--—- x6 522 g1
X9 < x12 6.68 -12
x8 <-- D 10.40 32
x8 < A 20.61 49
x8 <--- xI13 8.72 15
x8 <--- x12 6.25 13
x8 <-- X3 5.88 13
x8 <--—- X2 20.83 24
x8 <--- xl 20.90 24
x6 <--- xl1 6.40 12
x5 <--- x12 4.14 -.09
x5 <--- X8 4.83 -.10
X2  <-- X8 9.85 15
x1 <--- X8 9.54 15

AN H

E‘Jiﬁ\v

H

g ?
r 2 A p—t L i Y L—
o T 5. 8 |

Maximum Modification
Index is 20.61 for
Element x8 € A

ZIETEE %22 B

fit, b
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Minimization History (Default model)

e L, A
C _i:_,-:%n- F g--ﬁ::;—.:_._____!

Iteriitr; -E\G Condition# Ma lg\St/ Diameter F Trigls Ratio
Oe 13 -.16 9999.00 1310.09 0 9999.00
lle O 83.44 215 39084 20 .75
2e 0 28.83 .67 308.08 5 .00
3e O 35.91 80 219.15 2 .00
4e O 70.96 55 196.21 1 .98
5e O 89.24 16 194.60 1 .99
e O 02.32 02 19457 1 1.01
/e O 01.81 .00 19457 1 1.00
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Model Fit Summary il & (R4t | 0.56 x (N-1) = chi
Sa%‘]Par — p X (p+1)/2 0.56x349=194.57

Ind._nPar =

M odel \NPAR CI\MF P CMIN/DF
Default model 44 19457 109 .00 1.79
Saturated model 153 .00 0

| ndependence model 17 1104.79 136 .00 8.12
M odel RMR GFl AGFI PGFI
Default model .05 94 .92 .67
Saturated model .00 1.00

| ndependence model 19 .60 55 53

_/

Oldest (LISREL) indexes:
RMR, GFI, AGFI, (SRMR)

KT HAU SEM p. 94



TLI = NNFI CFI = RNI

NFI RFI  [FT—TLI e o C8
Model Deltal rhol Ddta2 rho?2 ¥FI
Default model .82 .78 91 .89 91
Satur ated model 1.00 1.00 1.00
| ndependence model .00 .00 .00 .00 .00
M odel PRATIO PNFI N PCFI
Default model .80 .66 73
Satur ated model Q0 .00 00
| ndependence model 1.0 .00
/ \
pRatio = df (hypo model)/df (null model) PCFI = pRatio x CFlI

= (153 -44)/(153-17) =.80x.91
=109 /136 = 0.801 13

KT HAU SEM p. 95




CMin — df = 194.57 - 109

confidence interval

Lo — H| — @

/7 J
M odel INCP 0% — HI %
Default model \/85.57 50.51 128.48
Saturated model .00 .00 .00
|ndependence model | 968.79 866.55 1078.48
0.56 x (N-1) = CMin
0.56x349=194.57
M odel S~FMIN FO LO90 HI90
Default model 56 .25 14 37
Saturated model .00 .00 .00 .00
| ndependence model 317 278 248 3.09
M odel RMSEA LO90 HI 90 PCLOSE
Default model .05 04 .06 .64
| ndependence model 14 14 15 .00
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M odel AIC BCC BIC CAl q@
Default model 28257  287.36 452.32 496.32/"%:..
Saturated model 306.00 322.64 896.26 1049.26
Independence model | 1138.79 1140.64 1204.37 1221.37

M odé€l ECVI LO90 HI90 MECVI
Default model 81 71 93 .82
Saturated mode .88 .88 .88 92

| ndependence model 3.26 297  3.58 3.27

M odé€l HOELTER .05 HOELTER .01
Default model 242 263

| ndependence model 52 57
Execution time summary

Minimization: .00

M iscellaneous: 13

Bootstrap: .00

TOta.I : 13 KT HAU SEM p. 97



Completely Standardized Solution

#1

e

®3

i

]

XE

wr

w4

=10

2

=13

=14

o

=16

O

w17

ts

ta)

52
05

G4

=
2

59

B1
g

B2

=153

o4

B3

T2
et

. rd
— L% -‘;_-._—
:'_—_[EE_-:h__) £ —f’s::é;:}
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25 SR ARERE

° X4EAHﬁJ\1T|Oad|n91E/J\ (0.05), {HEH
AFHIBIEFEZE (MI, modification index)

9

ey L
:'_—_[EE_-:h__) L —f’s::é;:}

fit

A& (0.00, 0.02, 0.00, 0.02 in B,C,D,E)

- AMNEA, WAIEE AR

Q8fBBﬁﬁiﬁTm (0.28) , HIEAHIMIx&

o [ j‘mﬁa%f@m (0.4Q % 0.54)

o BRI AU L X (109) =194.57,
RMSEA=0.047, TLI = .89, CFI= .91,

o HrIR B H WA G, Ml2:Q4, Q8IHAA
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w1

8008000000800

B :
e Q8JJEA  [RT11
i (.49) -
+ X°(94) =149.51 -
RMSEA=.041 >
TLI=.93 > CFI
=.94
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5 (no. of estimated parameters)

A df X NNFI CFl FEMiFHSEAK

My 26 249 .656 .752 19 =9 Load+ 9 Uniqg+ 1 Corr
My 27 263 .649 .727 18 =9 Load + 9 Uniq

A X (Adf):AX2(1)=14,p<.05

o BIRIKH
F 7 Mg |

Iy »
(EEFS
N SN

(M, I

o Q8[EI M JEAFIB?
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—.041, TLI = .93, CFI
= .94 o

1 4e7 Ny -.08

¥

1990049950800 88 08

® X NHES Q8N 5BRIE
FAOR, WMAEHE. mHX
Pt AHAAG, By EAFRAT e

T 8 |

BARBEE M, 9
| ® ¥’ (93)= 148.61, RMSEA

® Q8fEATfar N .54, fEB

A
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9

S, . ‘ RN TR \ W ;‘g{k,ﬁﬁ_;
& 1Emodification #5534 B4l & Fa 2 LL

% df ¥ RMSEA NNFI CFI %

M-A 109 195 .046 .89 .91 Jif&i7y

M-B 94 150 .041 .93 .94 jiQ4,Q8-A
M-C 93 149 .041 .93 .94 jlQ4,08-A,B
MB-2 99 152 .039 .94 .95 2F[A T

—_—

—_—

:
i
:
i
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25 T REARA Y Ko LN

Structural Equation Model and Its Applications

V Z i 215
V multitrait-multimethod
(MTMM)

2R (ERNER)
Kit-Tai Hau
BHEPXREHAFTLHER
Educational Psychology Dept,
The Chinese University of Hong Kong
£ FHHEEHDTA
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% R 9.
multitrait- multlmethod(I\/ITI\/II\/I)

o ﬂiﬂ]ﬁfi(method) X, #N, 4,

-ﬂ*ﬁ%ﬁ(trait)z Qi S, EARHTS, Mo
%E ’ iﬁi&bjj %ll’%%[ﬁ//\
o 25755 (ULAZED SH0 7 iAXS I HE

o IPATIIVE s FHIRFF AR ITVA
(CTCM, correlated-trait correlated-method)

KT HAU SEM p. 105



F 36 EHREEEIDTESEHETFAENE .

EEET HEET %}
TrE (EBEHY et EHA BE FBX OEFE FiE AW FE OEFE S
g . &HF &= T
fhlidr . SN
fhlte . #E
fhlids . EEE
ity . &
== O
EA, FHIf
A, L
. EAA, R
10 .5 A, SEE
1185, Fi=
12 81%. HAld
172815, ¥FE
14 FFE . EFE
15815, T
16 3. ZF =
17 3. S
132 w83, ¥FE
192 -3, B
20 9|, HEE
21 £ ¥, Fi=
22 E£ 5. Alm
23 E . FTE
24 E1 5, HETE
25 E1 5, HER

4

pREALR R
LA A4,
A
A
5 L,
‘.

" T
i

L A A 4 4
i

-4
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MATRIX DATA variables=ROWTYPE__ x1 to x25.
begin data.

N 500 500 500 500 500 500 500 500 500 500

500 500 500 500 500 500 500 500 500 500

500 500 500 500 500
sbi1111111111111111111111111

COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR

1.0

401.0

44 43 1.0

39 .41 .431.0

44 38 .44 451.0

.50.21 .18 .19 .19 1.00

19 .48 .22 .23 .18 451.0

20 .21 .53 .18 .23 .42 43 1.0

22 .19 .19 .53 .22 41 45 .451.0

19 .17 .22 .19 .52 .46 .41 .39 .44 1.0

49 .23 .23 .17 .23 .51 .23 .17 .23 .23 1.0

24 52 .19 .23 .19 .22 48 .18 .19 .18 .451.0

22 .22 .52 .22 .18 .19 .23 .51 .17 .22 .39 .43 1.0
23 .18 .22 .49 .17 .24 .17 .24 47 .18 .41 .44 43 1.0
18 .22 .23 .19 .48 .25 .21 .19 .22 .53 .44 .39 .42 41 1.0

— A
== =
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COR
COR
COR
COR
COR
COR
COR
COR
COR
COR

48
22
23
19
.20
Sl
22
19
22
.20

23
5l
22
23
24
22
.53
22
23
24

END data.
save outfile='"D:\My Documents\AMOS\pg\chap3 2 MTMM _corr.sav

18
A7
48
23
A7
18
23
A7
22
19

23
19
22
.53
23
19
.18
22
52
19

23
21
19
22
49
18
A7
23
21
49

48
19
23
24
21
52
25
22
19
.18

18
Sl
23
19
16
25
.53
23
A7
19

23
19
.53
24
19
24
A7
A7
24
19

25
23
23
.53
19
24
18
17
.53
23

24
23
22
19
Sl
23
24
A7
19
52

.95
23
24
21
24
49
19
23
19
23

23
D2
22
24
18
24
D2
22
19
A7

19
23
A7
23
24
21
.18
A7
.18
23

24
19
22
48
22
24
19
21
.53
19

231.0
A7
19
23
52
24
A7
24
22
52

43 1.0
45
42
41
.53
24
23
19
24

T Iy e s TR
== =

39 1.0
46
43
24
49
23
21
.18

451.0

39.451.0

23 .23 .241.0

19 .21 .21 .451.0

53 .24 .23 .41 451.0

18 .51 .18 .43 41 .451.0
24 17 .25 .44 42 43 41 1.0
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9

o V2R {ECTCMELR J: AU S (non-converged) =
A, R ETT 2, B NIHEAEL
(similarly flxec loading at 1 converges to an
improper solution), HJ [ € 2K fE 1 (helps only
In this specific case)

o MM, R EMEE IEE(positive
definite, propen) 3F A&, ﬁﬁ)ﬁﬂﬁlﬁﬁﬂi&

(iteration number) r S o o e e
o

|

H

1p. 111



% i 1%

LR VR

FHSRAY

VR EL s »

correlated-trait correlated unigueness (CTCU)
o BORMTMMARZY (an777: X TREED sl

ELION
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Tty
REMEL
Ao R

(NK=5)
BT
SSY/NPS R
uniqueness(
WA NIRE,
error) #H>¢
e.g., 1. 6.
11. 16. 21
AR N [A]
—NITVEH
T
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:“ﬁ'i‘ﬁi o |
., : B i”qrfq:bii'

B 'F-’"!L'm-% N
/—_@,‘.ﬁ ]
-EI'-_I" "

G

T=h$ ",'-"- ”.'."*.l.‘. |

@'-ih{-
Edl=) =% )
\ g S0, 0 ) W)
| ~EL TR M0 /]
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Checking

e proper solutions
 fit reasonably well

e assuming all items are correctly oriented (all +ve
related), then

—In CTCM: all trait and method effect loadings
- all +ve;

—In CTCU: all trait method loadings +ve; all CU
+ve/zero

— correlations among traits or among methods:
depend on theory

KT HAU SEM p. 115



A ARY ey Rt Yo

Structural Equatlon Model and Its Appllcatlons

)

VI A

VI Full model

AR (ERR)
Kit-Tal Hau

B XRFAHE LHE

Educational Psychology

#
Dept,

The Chinese University of Hong Kong
{8 FRHEE A A
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ey X

7 (Full model) 2.

o MiR(x1,2,3). FAEFT1(x4,5,6). HAIE(X7,8,9)Un
farszm sk (yl,y2,y3). RAMNEDI(Y4,5,6) AR 55
N =500

THIRN, S1E4tHT R

g (y7,8,9)?

 paths&factorX] factor[x

ARBFHL.

o residual (Gt 7122 2 [k

RIFE D 77

THIRZE CRYUARE
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]

MATRIX DATA variables=ROWTYPE_ y1 to y9 x1 to x9.
begin data.

N 500 500 500 500 500 500 500 500 500 500
500 500 500 500 500 500 500 500
SD111111111111111111

COR 1

COR .68 1

COR .60 .58 1

COR .01.10.071

COR .12 .04 .06 .29 1

COR .06 .06 .01 .35 .24 1

COR .09.13.10.05.03.071

COR .04 .08 .16 .10.12 .06 .25 1

COR .06 .09 .02 .02 .09 .16 .29 .36 1

COR .23 .26 .19 .05 .04 .04 .08 .09 .09 1

COR .11 .13 .12 .03 .05 .03 .02 .06 .06 .40 1
KT HAU SEM p. 118



COR
COR
COR
COR
COR
COR
COR

16
24
21
29
15
24
14

.09
.26
22
.28
16
.20
.25

END data.
save outfile="D:\My Documents\AMOS\pg\chap3 2 Full corr.sav'.

.09
22
29
.26
19
16
12

10
14
.07
.06
18
13
.09

10
.06
.05
.07
.08
15
11

.02
10
17
.05
.07
18
.09

.04
.06
12
.06
.08
19
.09

12
.07
.06
15
10
18
11

15
.08
.06
.20
.06
14
21

29
.03
.03
10
15
11
17

201 ety
04 .021

12 .04 551

03.12.64 611

16 .07 .25 .25 .16 1
.07.16 .19 .21 .22 351
.09.05 .21 .23 .18 .39 481
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14

45— X 74
e
A0
84_-‘ Kg
A2 — Xy Q
AT x5 a2
/
3]._-' X;_:,
33
L9—= X7 v 56
54— | x, |28
£9
SAI—m g

29

31

2

0e

BEFN

02

83

e

a7
Hd

-« 50

- 8

- i)

. ra
— L% -‘;_-._—
:'_—_[EE_-:h__) I —f’s::é;:}
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L

777

Corr among “factors”

x1

)

X2

3 IT

-.-._'_._r.'._

14

X5

41

x8

799

x9

14
29

teregt

40

31

AT
Dilig

83

31 27

56

onfi

59

el19
83

87
Ach

72

assio

ylje—e0)
y2le—2)
y3e—E3)
yale—@Ed)
y5le—E5)
y6le—(6)
had)
)
y9l«—(9)

Corr among residuals

x9* 69

® ® &

®® &



¥ °(125)=292.51 » RMSEA=0.052 > TLI=0.90.

— A

CFI=0.92 - &4 4

 Interesting, Ml (Passion € ExAct) = 2.116 by Amos,
but should be 292.5 - 270.1 = 22.4 (by re-running
the programs and compare) @ [ JPassion € ExAct

Hit FAKSE > HPassion, ExActa] LA HSS: thus

do not change here

o« ME—MEEHEEM2Z1EPassion < Confidence
(Ml =17.10, Parm Change= .224)5 {511 » B
N8 B8 2 &775) (and must be meaningful substantially) ©

» NEFEREAZR/VFERAERE - E3HRTFRAH
path(ExAct € Ach) = 0.011 (SE =0.052,t=0.214)
HYR N e /)N 5] ISR 2S5 - R AIM2HEXACT

< Ach

i)

TENO > ZRIHEIMI -
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o« HHINE

v el

% ¥ifree parameter (FEFIASE

%), MAIR-EJrchi-square<s iz b

piIR

o AR
PLEERE VIl

o WR D F
it A B

2A CRURASTI ) , U 20

285, ROTARE B2 b,
ZHE EFH
285, RO g,
Z K AT HLHY .
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element | — %% € )51
loading (@)iEHE SRTE MBS

AT E
(Y& BENHE
WA T 7
R 1"

Factor corr:

exogenous
factors

CVEIDP==EE i WS S
HHERELE, B BT
(b)X ARt &

A7 e TR
[HEN” 17

A7 8 E iR I
H AT

Factor corr:
endogenous
factors

(@)IENAELZ T ZE (cov):H
TR B A HRIIIE,
= it
(b)Yt 2 (var): 5 i
fEit
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— & E setting 7

element |V

ltem ()W £k diagonalfy 7T

uniqueness Z BT

(b)FENT A £&non-

diagonalfy 2z [&
TN E L BFR
TR, BRI N
YINAESR, %t EH
FHAd T

directional | &+ %] Bl +45 %4 M effect

path 1S40 H Bl
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i ra
- { ‘I- ~> .9 \ —
e S P

ZE R T RERA T ) 25

o A

(measurement model) bs

X =AU é: + 0 = ' %«-—.33

y A ’7 +é& H— i*—.zlg

X —AhHbrexogenous N .
QULEIRZE=y7 ) .

Y _WEE%EI‘*jtendogenOUS . R

<ﬁu i%\ é& 5’%52,)\ 4 e

A Ay —X 5 7frEE(loading) o
0 E—REI 0

(uniqueness, measurement bl

erro rS) 5 Sha

o ZEMJFEAY (structural model)
n =By +Ic +¢
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25 M TR A e L N

Structural Equatlon Model and Its Appllcatlons

= B F 5
VII High-order Factor Analysis

R (BEARRR)
Kit-Tai Hau
BHEPXREHAFTLHER
Educational Psychology Dept,
The Chinese University of Hong Kong
£ FHHEEHDTA
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= [ B F AT 9.
(high-order factor analysis)

o« ix—Pifirst-orderfe IR TH MK, FiliittHIZS%
R%Z . 5SN—FrElr, HAEL104 K [EFH 5

o W —NMEIREE ST ( —Frsecond order) X1,
s — R e SRR 104N FH e 2 i 54
ZHparameter (M HEATFE—MEHEFHIRR) A
A

o "Il RTDIRECN, HHEMMWIE N, HE
N 5 A 28 KFnonsignificant, MY
faj 7 4 parsimony, AT —Firii i second-
order factor model

KT HAU SEM p. 128
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In SPSS, prepare the raw data or

corr matrix

MATRIX DATA variables=ROWTYPE_ v1 to v17.

begin data.

N 350 350 350 350 350 350 350 350 350 350 350

350 350 350 350 350 3350 CORR .19 .20.15.01 .14 .24
Sb11111111111111111 21.21.45 1
CORR 1 CORR .18 .21 .18 .03 .25 .18
CORR 34 1 12 .24 . 28.35 1
CORR 38 351 CORR .08 .18 .16 .01 .22 .20
CORR .02 03 .04 1 16 .21 .25.20.26 1
CORR 15 19 14 02 1 CORR .12 .16 .25 .02 .15 .12
CORR .17 .15 .20 .01 42 1 Cozg 'Z; 'ig 1‘2 '33 ig 14
CORR .20.13.12.00.40 .21 1 51 93 1E 21 99 29 a1
CORR .32 .32.21.03.10.10.07 1 .

END data.save outfile =

CORR .10.17.12.02.15.18 .23 .13 1 D\AMOS\chap3CFA.sav’,
CORR .14 .16 .15 .03 .14 .19 .18 .18 .37
CORR .14 .15.19.01.18.30.13.08.38.38 1
CORR .18 .16 .24 .02 .14 .21 .21 .22 .06 .23 .18 1

i Fa
~ A gy
- S

.09 .24 .15

18 .18 .22

22 .12 .12

20 .14 .17

21 .17 .21
1

KT HAU SEM p. 130




- ol R AUE ;___:j:'-;r—flii}é;;

55
3 e

49
EEO—{ x5 7 /) €9 e
=
WY
X
. s = econdCrde
%10
75

w11 o
G121 2 s BB

EE Q
¥13 124
w14
E15)—= =15 |&°° <23

T2
E1B——+x16 J+——THE)
17
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e ok B 9.

MB-2ord 15 & 54~ df, }" KEAHIE, HAth3aZindex
LA it iy

PRSI BETR R (GARED R
(.66, .66, .66, .75, .66)

— RIS S5, W S BT 7

i A UG 34— B A 1IN <—iﬁ3/\ﬁ§%>

G Kl 7E 2 B SE A Tequivalent—fT & ?@Eﬁ )
M E Te kit index [l B AN R (AL TR RS, —

A B A ﬁ@ﬂ%UATﬁ ﬁ T/ —

e (ﬁD: H &4 54 —Fr [k ? B
S TE AR, REX 2 non-

dlfferentlatlng

*%
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e~ 998~ T
)&%Diﬁﬁ% BE

n
00
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MATRIX DATA variables=ROWTYPE_ x1 to x25.
begin data.

N 500 500 500 500 500 500 500 500 500 500

500 500 500 500 500 500 500 500 500 500

500 500 500 500 500
sbi1111111111111111111111111

COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR
COR

1.0

401.0

44 43 1.0

39.41 .431.0

44 .38 .44 451.0

.50.21.18.19.191.00

19 .48 .22 .23 .18 .451.0

20 .21 .53 .18 .23 .42 43 1.0

22 .19 .19 .53 .22 .41 45 .451.0

19 .17 .22 .19 .52 .46 .41 .39 .44 1.0

49 .23 .23 .17 .23 .51 .23 .17 .23 .23 1.0

24 .52 .19 .23 .19 .22 .48 .18 .19 .18 .451.0
22 .22 .52 .22 .18 .19 .23 .51 .17 .22 .39 .43 1.0
23 .18 .22 .49 .17 .24 .17 .24 47 .18 .41 .44 43 1.0

et

KT HAU SEM p. 134



COR
COR
COR
COR
COR
COR
COR
COR

18
48
22
23
19
.20
51

22

1.0

COR

19

22
23
Sl
22
23
24
22
.53

22

451.0

COR .22 .23.
41 .451.0

COR .20 .24 19 .
42 .43 .411.0

END data.

save outfile="D:\My Documents\AMOS\pg\chap3 2 MTMM_corr.sav'.

23
18
17
48
23
17
18
23

A7

22

19
23
19
22
.53
23
19
18

22

.52

19

48
23
21
19
22
49
18
17

23

21

49

.25
48
19
23
24
21
.52
.25

22

19

18

21
.18
51
23
19
16
.25
.53

23

A7

19

19
23
19
.53
24
19
24
17

A7

24

19

22
.25
23
23
.53
19
24
18

A7

.53

23

.53
24
23
22
19
51l
23
24

A7

19

.52

44
D5
23
24
21
24
49
19

23

19

23

.39
23
.52
22
24
18
24
.52

22

19

A7

42
19
23
47
23
24
21
18

A7

18

23

21

.53

19

411.0
24
19
22
48
22
24
19

A7
19
23
.52
24
A7

24

22

.52

23 1.0
43 1.0
45
42
41
.53
24

23

19

24

23

21

18

- T

391.0
46
43
24
49

451.0
39.451.0
23.23.241.0
19 .21 .21 .45

.53 .24 .23 41

.18 .51 .18 .43

24 .17 .25 .44
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-

« M-1-ord: y* = 464, df = 265 » RMSEA = .039,
TLI = .914, CFl = .924 : 5/NA 127 [al IR 42 2.
BUE 418 5027 Jq] -

e M-2-ord: APLEEREHIA, = = 465, df = 270,
RMSEA = .038, TLI = .918, CFl = .926. #4faj%]
parsimony JZ NI, AT B R A 2-order
factor model. —5—A = R M R5m (2nd
order factor = 15t order factor
=.70, .64, .69, .64, .66)
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Structural Equatlon Model and Its Appllcatlons
VI AR
VIIlI simplex model

R (EARRR)
Kit-Tai Hau
BHEPXREHAFTLHER
Educational Psychology Dept,
The Chinese University of Hong Kong
£ FHHEEHDTA
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A EAR T (simplex model) <
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Simplex correlation matrix

== =
BaRRREER
#h g TR B R A DR B T 2

T'l TE Ts T, T5
T 1 A
T 1 T EE—
T —FH ! TR~
Tq. “_—Fﬁ ]
Ts . 1

Al TR A DG HE

T] TI T.?i T_1, T.q
T, 1 0.5 0.4 0.3 0.2
T; 0.5 1 0.5 0.4 0.3
T; 0.4 0.5 1 0.5 0.4
Ty 0.3 0.4 0.5 1 0.5
Ts 0.2 0.3 0.4 0.5 1

KT HAU SEM p. 142
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MATRIX DATA variables=ROWTYPE_ y1 to y15.

begin data. @
N 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500
SD111111111111111

COR 1

COR 451

COR 47 411

COR .29 .11 .171

COR .14 .19 .13 491

COR .12 .14 .18 .46 .43 1

COR .25.07 .08 .32..14 .16 1

COR .09 .12 .04 .15 .33 .14 421

COR .10 .07 .18 .24 .12 .35 .46 .45 1

COR .21 .04 .05.23.15.08.35.19.161

COR .09 .19 .14 .12 .25 .03 .13 .34 .15 .45 1

COR .04 .02 .22 .09 .04 .21 .12 .18 .35 .42 491

COR .18 .02 .04 .16 .04 .02 .27 .12 .12 .32 .15 .16 1

COR .05.12.11.05.17 .14 .04 .29 .09 .15.35.13 491

COR .03.01.13.12.04 .17 .02 .15 .32 .16 .12 .37 .44 451

END data.

save outfile="D:\My Documents\AMOS\pg\chap3 2 simplex1l_corr.sav'.

KT HAU SEM p. 144
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S 10] [y 11] [y12) e 1a] [y 14| |y15

0
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w15
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w100 |11

y1 0Ly | Lya | Lyd | yS ) b | Ly [ yE ] [ y®

S0 )0 /g2

£2 70

FO 61\ FE

Fs B9\ 64

B2 /g5 72\ .68

a1
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49 n

' 3 '

62 48 |54 |58 59 |50 51 63 |48 .53 151 1.51
v ' ! ' I S
Yol |'¥ ¥ ¥ ¥ Ya Yo ¥ Yia| |'¥

2 L 2 BB K=l B 7 a1 (= A \ (=
29 34 AN Y - 20
7 s 7 7 7

X PR AR A LA RS, 1 R R RZETT ., K
11775 5 il v ZF B 5F

Z AR AT AT BT AT R IR T ZE R H AT
PR 72 DG 25 1t 5 HE A RS B 22 BHR 72 BUAH GRS, 1K
LG ¢ A 1E1H (positive) A& 2

N T AR ZEAR R A H D
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Structural Equatlon Model and Its Appllcatlons

IX ZZHSEM73#T
X Multiple-group SEM

PR (ERSR)
Kit-Tal Hau
BT CRFH A LR

Educational Psychology Dept,
The Chinese University of Hong Kong

{EFHEREEH LA
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%2 HSEM4H7 L)

S 1t T
:____L_;L__jﬂ. F ff-‘&;__—t__ﬁ___:_l

(multiple-group SEM)

55— R 2 H I U R 143 rmultiple-group CFA
(B #1247 Hrpath analyses)

— %H (Bl . Ll 1A 45 #factor

structure & 5 AHE 2 %ﬁb%ﬁpathf‘%é&

parameter/coefficient/E AR 4 2 B H 2% %

Ftsignificant difference? (5HLAIZ A E?%[
regression coefficients in multiple group/&

EIEIE VY
£ 2R S AL A T M A 75 AR [ (Multiple-group
Mean Structure AnaIyS|s) RELG T E 50
ANOVAHILL (5 75 B — 200 1)
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% 2H 5 Uk 14 X 40 9.
multiple-group CFA

1. JIZ54H[E] (configural/pattern invariance )
2. [Rr-tifarfactor loading LXZ|g]invariance
3. 1572 T2 uniqgueness TDZ[g]invariance
4. A+ J7#factor variance, diagonal of PH

VAT Sy

= [5]linvariance

5. R/ /5 Zfactor covariance PH Z 5]
Invariance

KT HAU SEM p. 152



£4-2 EITFHE T SR atss  ©

Model df chi-2 RMSEA TLI CFI
MO, M58 A e i 1 F 24 49.57 .042 .966 .977
MO, F %A= ea i3+ 24 44.93.035 .974 .982
M1 P4 ERHETT, no Inv 48 94.50 .027 .970 .980
M2 Loading Inv 54 107.19 .028 .969 .977
M3 Ld, PH(3,1) Inv 55 107.52 .027 .970 .977
M4 Ld, FacCov Inv 60 109.32 .025 .974 .979
M5 Ld ~ FacCov -~ UInv 69 131.21.026 .972 .973
M7 Ld,FacCov,U,Intrcpt Inv;

Fac meankree 75 132.23 .024 .976 .975
M8 Ld,FacCov,U,Intrcpt,
Fac mean Inv 78 146.80 .026 .9/73 .970

KT HAU SEM p. 153



MATRIX DATA variables=ROWTYPE_ x1 to x9. a@
begin data.
N 600 600 600 600 600 600 600 600 600

SD 1.07 1.230.98 1.02 1.01 1.03 0.99 1.06 0.98

MEAN 2.01 2.45 2.67 3.21 3.33 3.45 2.67 2.19 2.34

COR 1

COR0.68 1

COR 0.60 0.58 1

COR0.05 0.100.07 1

COR0.12 0.140.06 0.291

COR 0.10 0.060.04 0.350.38 1

COR 0.13 0.130.10 0.050.08 0.07 1

COR 0.04 0.100.16 0.100.12 0.06 0.35 1

COR 0.09 0.090.02 0.090.15 0.16 0.29 0.36 1

END data.

save outfile="D:\Docs\AMOS\pg\chap4 2 MGboy corr.sav'.

KT HAU SEM p. 154



MATRIX DATA variables=ROWTYPE_ x1 to x9. ﬂ%}
begin data.
N 700 700 700 700 700 700 700 700 700

SD 1.051.201.02 0.99 1.02 1.02 1.02 1.04 0.96

MEAN 2.02 2.48 2.69 3.10 3.20 3.38 2.75 2.29 2.45

COR 1

CORO0.72 1

COR0.50 0.491

COR 0.10 0.080.10 1

COR 0.05 0.080.06 0.351

COR 0.14 0.100.04 0.280.26 1

COR 0.11 0.09 0.08 0.150.10 0.05 1

COR 0.10 0.150.16 0.04 0.08 0.10 0.27 1

COR0.14 0.100.12 0.140.12 0.18 0.30 0.40 1

END data.

save outfile="D:\Docs\AMOS\pg\chap4 2 MGgqirl _corr.sav'.

KT HAU SEM p. 155
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Multiple-group Mean Structure Analysis™

. REHT

structure

models)

AT EE A L 2 7 (IMEE AT, mean

o HIHEMES AR iloading#H [Hlinvariance

- A

[ S
 fHFrEEEIndicator interceptT X% [

— SEibE 14 TauE |H

A1 77 2245 [F]factor covariance, = £ 5 255

— FRHANH 5 Tau5 FH1H 1 FH S5

— K- ¥){E %5 [ factor mean equivalence
— JoE B 1A S K ME N0 (Kappa)

— K HAMRH I Kappast 2 B i fhit

— EFE>2ESE (1>2.0) E

FAFETF1IAH

KT HAU SEM p. 164

£ rd
E ;%\ N

ety



Ed

5

eI
isml 0 &

.54

)&k

A
-
‘u

it Wiew Ddagram  Lnalwse Tools Plogins  Help

E I

Goe

gl
A

i
iE s

oy
i

on
-
AR

P
ye

TN
®
&

¥

ST S T

e Analyzis Froperhies

Dizcrepancys

= Maximoum lzelihcod [w R —
" CGenemlized least squares

" Unwelighted least squares

T

E " Bcale-free least squames

Ii Chicomect

° Asyrmoptotically distibotion-free

Fox the porpose of computing it roeaswes with incoroplete data:

* Fit the saturated and inderendence models
i Fit the saturated model only

i Fit peither toodel

Estiraation | Mumaerical | Bias | Outpat | Bootstrap | Pemautations | Random # | Titde

i = e e L e
chapd_2_2ndChed 3 amer

chan? 2 Fuolll amow



o,.+1_EB 0O0+: B 0 +w3_ BOwi4_ B 0O, v5_B I:Iin B O w_B 0O w3_ EEI wH_B

LT R P AP S (0 1
x3 x5 x7 | [ x8

‘|xe|

X
)]

L9 B

0, ~Chi B : — ; 0, vEng_ B

cowhiE B

cowliE B

Ol 3 0,v2? G 0wl G0vl GO0vw GOV GOV G 0 vE GO vl G

O N R O
xz; x3 | [x4 | [x6| | x6| |x7 | [x8] | x9 |

chikn, +Chi_ G Enghin, vEng_ G

covwlE S



Manarpe Models

[ .

o o o e o e e e e e ot

[

R
0

Qﬂﬂﬂﬁﬂﬁﬂﬂddﬂddddl

5 R

SHGRSG
SRHRED

[

<
o0
<
oo

.
I

B

[
(-]
[—y

[N .

GOOmOmQm QT Rmammo

E@Emﬂﬂ
Ve o B s S

@ﬁﬁ

ﬁlqlalmlﬁlmlmlg %

[
I




0wl B 0.2 B 0,+v2 B0+ B 0+ B 0w EBEOIOww B 0w B0O,wd B

x1 x2 x3 | | x4 x5 x6 x7 x8 | | x9 |

L9 B

O, ~CZhi ' = . 0, «Eng B

cowhd B cowihiE_B

X
o))
X
"‘\I

O, »wChi 5 : — ’ 0, «vEng =

covwiZE (5

NI NnAvV oLVl Y. LVO



° é:nk%ﬁﬂ_‘_\‘ i
— F24(L)MKATL = (BIESC. g, b
fEmean) ~0.019, -0.102410.083
— TN BISE N0.054, 0.041, 0.036
— t-{850.352. -2.470. 2.331
— X RN
o IB T HAE -- B (EMENO) L (315 °~0.019)
7= 5 (t=0.352, n.s.)
o T (MMENO WEFEHEE T (B
f§ = -0.102, t = 2.470)
o /EWTGEE S (BE = 0.083) M=+ 5
£ (E N0, t=2.331)

KT HAU SEM p. 169
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(E @ ra

=i W

%2 H LR IR T
FSEMW, ELE Z H KR 1 31E, — K R IR P,
RN b 2 A
o ZHRETF SRR E L RZER)MHFE
21 R 1 11 4nf (loading) AH [H]
Iﬁjé K- [8]#H 5 (H 77 %) (variance/covariance)fH
Bl ¥R bR 2= (RFIE) 77 2 (uniqueness) £ [
K HFR AR ELEE (Tau) A [F]
F-H N T2 {EAHF] (Kappa)
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EZERE A3y A=)l

TE RS B 55 [F) SR A I, A 0 25 7] 2R A B R ¢
2R (dfEL/N)

0725 A oA s 2 4 T . parsimonious
(dfisK)

AN L) S, xRN LA BT
I S S, XPER (AR

N 22 F” A AR AR 2 B
Tfﬁ/\miﬁéwlﬁc UL R T AV &<

AT S ERR R 2, (B
7 B O 262 A 25 ) (25 A )
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éﬂ ttﬁ%cw‘&%?:?/ 8

9

2 ( YR 2 }é\%

FRfE —4 HEHAx|
proper 4F...)
RIZSEER] | KSR (a prion)f® | S5t fhiit | ARG 10 R good fit
G S% S5 % HHZE
(parameter)
LoadZ[E | 4% H i Loading invariant | fl & tfitgo ™ &= %Ak
Loading
var/covar | f5iF%& BEH var/covar L& it ™ 5 %A
| var/covar Invariant
uniqueness | fiiit & A H uniqueness UG fite ™ %A
5| uniqueness invariant
intercept H i ffiitintercept |intercept LAt ™ %A
| Invariant
Factor fixed at zero freely estimated | f4imean53—4
mean &[] (Bifth ) o e & & 7

significant difference
KT HAU SEM p. 172
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Structural Equatlon Model and Its Appllcatlons

X L R TR

VAR

2 A

X Issues: Model
Specification and analyses

B2 (BERE)
Kit-Tai Hau

BEEPUKRFEZHETLER
Educational Psychology Dept,

The Chinese University of Hong Kong

{EFHEREEH LA

KT HAU SEM p. 173



TR SRR TR T
Model Specification and analyses
A. IGIEAE R 5 P2 A iR Confirmatory, Model
generation
o ARRIGUE (strictly confirmatory » SC)
o LHWHAA A
+ RROWAZ, Kiwiibefids, i4E
PSR ERIpritEs
e IEFERA (alternative models » AM)
o  MIEMPLS, e A g oy nl HL
o (HINIIF M —B2 e, MOIMGER
gl
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(}E @ 7

i

o FEAEREAY (model generating @ MG)

o SRIRH A E )RR

o FETHWREEYE, HREEMPIEK
FEHIE D

SRR, B R E AR, R
714 IEA Y model respecification ]
WEREE, HIPET A — s
71

[
AN
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B ] é:l:l': *@ 73‘ %EIZEI ﬁj\ *ﬁ ﬁ gg% o i

o fERIZEFY (model specification) 18
o MM ESEALE (FF) KRR

. BT s P E R R (F5 8 WL R+ a1 F
%%ﬁﬁ?ﬁxﬁf” direct effect)

o (R, —IUQ%Jconstram + A
firloading B [ ?*ﬁ?@%_ﬁ& 2 EI’J%ME?Z?%
3 (%ﬁﬂ, 2/\ ?IEﬂi‘i?@?é&correlatlonﬁ
70.3; 240 ?ﬁ"\ﬁM\/DLfPFHﬁ)

+ R UM/\(moc el flttlng)

T AR, R
PR Tl P .

o

\5
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@

C. fEAIE4 (model assessment ) %< E

— gEM) TR R i solution /& 15id Hproper, it
s, {ZEhTHE 2 SESBETE A (Wﬁﬂ,
MHIRRBE +15—12 1)

X2
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Al RE I — S I USRI 45 R, (2% 230
AN — L H AP G, SR sia =
RHIP %R

— R AN [ I B B A 4R 2,
NNFI/TLI. CFl. RMSEA Ffly24&

— SR N TR R, TR R
A (B2 EA1A0) , SRR E
SN AN K

— NS R—NIEEA measurement
model
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o D.EAMZIE (model modification ) @%
~ MARELB A K, it e ST

Ma priori model

- fragdreE (K1) S5fabs GEH) FRRER, HEiL
= measurement model
— 1] BE 4 i =l 25 2H 5 H

— HHFE— ﬁﬁﬁ%%%ﬁa@WE&

P A BT AR
AP ETEE, Xt KRR LR 2 01t
(exploratory factor analy3|s, EFA)

F 19l -& F8 40,
TE MEEU%;!* TES'Z%?ZB’&H‘%}FU
U pat I—L | ) 7\
LA ¢~|u%#§* N
— W, fatsifER. tE. PRk % std
residuals. 1Z1Ef5ZtModification index MI. Z=Z{HE
ci A e expected change, S &M FE E it index,
P S R Y 1 AT D IR
— X /5 EI’J’BE%Z—*EJ%11‘2?)@3%*/\#7@5{?)%1@6&?!‘552, 5 I
55— NMALFEA, 42 B 3 cross-validate
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Z LR E R g

. . . . e A
Parameter Estimation and Fit Function

o Hinak—EZ=Hparameterfifs 1A /[T Fimplied/
ot | Ty A O A )y R S

o fLEIFE A A PR it function

o ZMIEHREL, ZEUSTHE R REANFE

— T. B4 = (IV, instrumental variable) ;

— MM BB/ N3k ( TSLS, two-stage least squares) ;

— TChifE:7 N3 (ULS, unweighted least squares) ;

— Hi A (ML, maximum likelihood) ;

— | X H/N 3 (GLS, generalized least squares) ;

— —f{EI0A g/ N3 (WLS, generally weighted least sq)

— YAk s\ 5k (DWLS, diagonally weighted least sq)
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Structural Equatlon Model and Its Appllcatlons

Ll R CEE Y R

Xl Issues on data

FERER(ETRZR)
Kit-Tali Hau

BHEPXREHAFTLHER
Educational Psychology Dept,
The Chinese University of Hong Kong

£ FHHEEHDTA
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ISSues on data
o FEAZSESample Size

— FEAS A KA

— g/\*? E 2t LA, P e B 2 — Lo AN G 1) A

— B¢ Ja B A WA 3N BE 2 1 H

o Fi#EMData Type

— Y RERA BT R (Pearson) AHOC(fREREREL
S pEdEinterval/ratio data)

— RBE%Y% () &F (ordinal scale) , MJHZ i

(polyserial) < H%E, JHF5HT T ZMHFE

(asymptotical covariance matrix, ACM)& A, PAWLS

AR, PRAENTROS, b as ZHIACMALFE 2 A
E

H
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o WA AR R REE 3 A ? s
— SEMESLAEJ7 ZZ AP 5 2404 b
— HAHIERE, K260 & 0
— (EF L AN IER(L.Cudeck, 1989 ):
« BRIIFTI7ZEN L, [RG5S 55 b5 1 K5
T AE T %
o [l AN, PR L EFRbRET B
g, DSFTE
o [Fl AR TP ECRL AR AR, PR LR
it AR [
* £ l% NTHIP B Erats » [REIEAT11
{a]J M H =
o (RIS ECA_ ENEBE T EAIRZEHTE

KT HAU SEM p. 183



B RS Efitting 1Y R & v
2% & iR Zmeasurement error it 5| E i)
- £ () variance

e XS REvar=¢ BRE+ O REL R R

« %AE Ovar %1%, £4igiitmit TR ENE
B2
— fH=<correlation#l 7] 5= %regression coefficient

y =y (var()/var(x))

_ 2
rfn - rxy/(rxxryy)v

r,, = 05/ (0.7%)** = 071

&

=

3

i
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HI5FR AR & (single indicator)

— INBEFEIF i itloading Sunigqueness

— XA IRHERE correlation matrix

Fix both: loading, unigueness

Set value of unigueness at .15
(1-0.85)=0.15

Set value of lambda .922
SQRT(.85)=.922
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o« RZAfHIcorrelated uniqueness o

— HAER R (EE W Emulti-wave panel), ZIE
VPR Z R

— £ T, IE AR RZE T U OR

04 - 24
07-23 )

J

Toie J o ]
lil@ \VLEEEST lﬂrB j54j'58 LSQ\\* l
N R

Vil | ¥z | Vs Yal | ¥s] | ¥ ¥a sl |V Yo 11| | ¥Yiz Y| [Ma| | Vis

7 |Eks .W A e P N R = A | AsB
2 A4 A4 e

M Tia i3 i s

;
h
<

o4 ol
v
2

]
h
<

A
AS 23 2l 2l .
e
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o NEAEZEEZE B equivalent models?

/

— LRI 28 (O
ANFIREARL, i AR AR B T MR, SE AR ]
— ga)iE, AR BEISE (O PR S
N E/ RSV EICIEDY = - AN Sy AR N Ei [k it

/

SR

(2=578

0

e

I RAEET Y2

R A

 E i

4
=af
=

& ==
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G R 7 S B ) U6 Rcausal | P

relations

- AR, AR

DLIR T AL == |

) A 2R R

RIBFFE, HN BEIE B A8 8 ] 2 75 20 F 71 R

KEFR. BFMEFER,

CZem] PAZS |

FHIE], EAR & 8] RN A S i1+
- M FHIESLES 5 tFnon—experimental design:

« XY\ Hlongitudinabff 7 £k, BN TESR
/";cﬁZU\U”JE 2R B DL B i)

- {31 FH Z M8 Frmultiple indicatobd 5. 7545 &
ﬁéZli;c’Jiji LR, R BEFYLE

SRR 1

SESEEiR

o« GIEANFEIRL R L, 2 R ARAR IR ZE U 2R

3 X
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o HEAMEEIRA =T

— AN AT RLBRRE AN IR

PSS

A

—f-(higher-order factor)

o3, IR AT

o s

— B SRR RGVERS (AN A5 T F) ARA) 52 22 A i R B

(BT 5 IF)

oo/

N K
AL
REKAS

LY

o

) i\
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