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| Introduction

Structural Equation Model and Its Applications
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(correlation coefficient matrix)
9 A RESHEAREFBOELERE S

7 1 2 3 4 5 6 7 8 9
¥R 1.00

82 120 1.00

#5813 .08 .08 1.00

EL .50 A1 .08 1.00

¥FS .48 .03 12 .45 1.00

*##6 .07 .46 .15 .08 A1 1.00

#F#7 .05 44 .15 12 .12 44 1.00

##8 .14 17 .53 .14 .08 .10 .06 1.00
##9 .16 .05 .43 .10 .06 .08 .10 .54 1.00

KT HAU SEM p. 3

KT HAU SEM p. 4

BA /B & % F%E (reproduced/implied matrix)

RIEGARIRRER § RS M, FRMBLER X

o1 2 3 4 5 6 7 8 9
#H1 100

ZH2 00 L0

¥M3 1 00 L0

e 0 09 0 100

#Hs 48 09 09 45 100

M6 0 46 .0 .09 .09 1.00

T O09 4 09 09 08 44 100

Mg 3 2 .8 2 o a2 L
¥Ho 1 0 4 0 A0 0 .09 54 100
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9 M FESMRRABORRIER S
w1 2 3 4 5 R ] 5 i L 2 2 4 ki 6 7 L) 2 e
L0 - EEL 100
#h2 Jd20 1.00 2#F2 S 1.00
#H3 08 .08 L0 EZ 08 08  1.00
¥4 50 1 08 1.00 2HEFE4 .50 .11 .08 1.00
FHS 48 03 2 45 L #FES .48 .03 12 a5 10 69
ARG 07 46 1S .08 1100 256 .07 46 15 08 1
#7054 15 a2 12 44 100 LT 05 a4 15 12 1
#Hs a4 07 3 4 08 0 .06 100 o e i 5 A% o
#R9 16 .05 43 0 .06 .08 .10 54 1.00 %p o 16 ‘s a3 10 "
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I 0 10 #F2 100 1.00
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BEAHI (BRI KR L,

correlation/covariance matrix S
—ARENEHEHTREEE (alternative models)

L 7N
SEM F=*program Input
(e.g., AMOS,

HSRED |l s R R
$ 1 b5 SHIBER M x

%
Output
2. ZEBRESH (BT Hfloading

B 7 4 55 & Bifactor correlations %)
E SRR

KT HAU SEM p. 11

S 75 FEAR T % N

Structural Equation Model and Its Applications
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| Exploratory vs Confirmatory
Factor Analysis
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. i Using SPSS, run the following program i
Additional notes on EFA 9 MATRIX DATA variables=ROWTYPE_ V1 to vO. 9
Exploratory Factor Analyses (EFA) begin data.

* Inthe abové analyses, we have a
structure in mind to test, this process is
called confirmatory factor analysis (CFA)

* |tis also possible that we have no “theory”
in mind to test, i.e., we have the following
research questions:

— 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

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.

KT HAU SEM p. 14

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 284 185 182 7.6 65 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 SesePit a2

number of factors

EV(eigenvalueffflifl ) ©

=1 S

* scree testi¥fi: 1\
greatest change in
slope

+ meaningful .
dimensions \

Eigenvalue
-

T LI — T
Companent Number

KT HAU SEM p. 16

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

MATRIX DATA variables=ROWTYPE_ v1 to v9.

begin data.

N 100 100 100 100 100 100 100 100 100
SD111111111

CORR 1.00

CORR0.121.00

CORR 0.08 0.08 1.00

CORR 0.500.11 0.08 1.00

CORR 0.48 0.030.120.451.00

CORR 0.07 0.46 0.150.08 0.11 1.00

CORR 0.050.440.150.120.12 0.44 1.00
CORR0.140.17 0.53 0.14 0.08 0.10 0.06 1.00

CORR 0.16 0.050.43 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 . ,Q0@%y .17

factors are assumed to @
The Output be uncorrelated =% et

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
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Promax-Rotated Factor Loadings - Aﬁ_
Factors allowed © Factor 1 Factor 2 Factor 3 Unique Va7« EFA (exploratory FA) CFA (confirmatory FA)#.,

be correlated$} 3¢

R1 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
VAR5 -0.03 0.80 0.01 0.63
VAR 6 0.10 -0.01 0.80 0.64
VAR7 -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 Factor2 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

No specific idea on how |Have some guess
variable are related (hypotheses) on
relations among
variables (e.g., Variables
2, 6, 7 should load on
Factor 3)

determine number of know beforehand the
factors using Eigenvalue |number of factors

(EV = 1 or scree test)

each item loaded on ALL |ltems loaded on
factors, though some targeted factors only
loadings are small

KT HAU SEM p. 20
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R
[l Principle

B (BAF)
Kit-Tai Hau
FRPLREHHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
[HIEE E AEHBN

100 855 %9 ¢ PRI O £ D,
(correlation coefficient matrix)
9 MRALH ERRFAMRLIERE s

7 1 2 3 4 5 6 7 8 9
¥R 1.00

82 120 1.00

#5813 .08 .08 1.00

EL .50 A1 .08 1.00

¥FS .48 .03 12 .45 1.00

*##6 .07 .46 .15 .08 A1 1.00

#F#7 .05 44 .15 12 .12 44 1.00

##8 .14 17 .53 .14 .08 .10 .06 1.00
##9 .16 .05 .43 .10 .06 .08 .10 .54 1.00

KT HAU SEM p. 21

KT HAU SEM p. 22

KT HAU SEM p. 23

9 I TREIA FHEI I AT A A0 B S @
FRE 1 2 3 4 5 6 7 8 9 e
2R 1 1.00
2 12 1.00
#FE3 .08 .08 1.00
Bt a S0 1 08 1.00
RS .48 .03 -12 .45 1.00
¥k 6 .07 .46 15 .08 AE 1.00
E .05 A4 .15 12 .12 .44 1.00
FFE8 S14 17 8. < .14 08 S10 .06 1.00
2ERE9 .16 .05 .43 10 06 .08 .10 54 1.00
HRBMARERER s MERE M, IBNBLER X
ad ! 2 3 4 5 6 7 8 9
#F1 1.00
2 S0 100
3 L1 .10 1.00
54 .50 .09 .10 1.00
#RES .48 .09 .09 45 1.00
#F6 .10 .46 .10 .09 .09 1.00
87 09 44 0y 09 08 .44 1.00
%58 .13 12 .53 12 12 12 11 1.00
kdid) .11 .10 .43 .10 .10 .10 .09 .54 1.00

KT HAU SEM p. 24
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KT HAU SEM p. 25

(chap_2_Fulll with PH wigas ¥
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f== s =

=25
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f== s =
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322

KT HAU SEM p. 31

KT HAU SEM p. 32

KT HAU SEM p. 33

\@
FEe

(no. of estimated parameters)

B dr XNNFI CFl BEMHEEA K
M1 24 40 .973 .982 21=9 Load + 9 Uniq + 3 Corr
M2 27 503.294 .471 18=9 Load + 9 Uniq
M3 26 255.647 .745 19 =09 Load + 9 Unig + 1 Cor
M4 26 249 .656 .752 19 =9 Load +9 Unig + 1 Cor
M5 27 263.649 .727 18 =9 Load + 9 Uniq

M6 24 422 .337 .558 21 =9 Load +9 Uniq + 3 Cor
M7 21 113.826 .898 24 =9 Load + 9 Uniq + 6 Cof

KT HAU SEM p. 34

B L (Model Comparisorr)”@i
o [ HE ), ATEE (fit), NeRIERLF, T REAEAE
T fj v (parsimonious) AL A (fit) AR I p R 21
* & Alnput:
—FH2% (W7 %) AiFEcorrelation/covariance
matrix S
— — AW AAH S AT RERETY (alternative models)
 HiHOutput:
- BERF AR e, N5 S ERE/MOME 2
— {71 & B 1% 2 Hparameter (X1 fififloading .
FHI5% R $factor correlationsZ) .
— P A LA FE B (goodness of fit indexes)

KT HAU SEM p. 35

AL (R FE) HE ey
correlation/covariance matrix S

—ARENEHEHTREEE (alternative models)

L 7N
SEM #=¥program Input
(e.g., LISREL)

g s RAR R RY
T 5 SHER K ©

%
Output
2. ZBBRESY (BT Hfoading |

B 74 55 & Bifactor correlations %)
R AR

KT HAU SEM p. 36
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« Structural Equation Model - SEM

» Covariance Structure Modeling - CSM

¢ AMOS = Analysis of Moment Structures

¢ LInear Structural RELationship - LISREL
— (EQS, Mplus, etc.)

KT HAU SEM p. 37

T T
o JEH (measurement model)
X=A4,+0
y=4mn+te
X —A4MJiFEbrexogenous (ARG 435 45)
Y —W 4 f5trendogenous (HiFE . #. HEELS)
A A, — TG (loading)
O ' & —IRZETI (unigueness, measurement
errors)
o ZERJFERY (structural model
n=Bn +I¢ +

KT HAU SEM p. 38

SRR

>[I AR AR

> BYFEASE Ay _ 1 i’;/‘m';@\v
independfnt fﬂﬁ X RE @ﬁ B BE
variablefip s B oH By A

> AT LA R .
model fitl ] AL AN RIS AL ]

> SEMAELSE: [l 434
regression. X744 (HE
PR HTCFA. BRR MR
THWEFA). t Klbttest,
JiZESHTANOVA. Lhkisal "
KF¥{Egroup mean
comparison. & H.1EF R
interaction. £ 1lexpt
design

)

KT HAU SEM p. 41

=) »5{;, . N 331"7 A B observed true error observed true error
%(many dependent e VTS ) dAecpe;qu?Fvanable ccore score core Score
variables) : : R 2 X T e Y T, e
P measurement error -
oy 8 7 +1 5 3 +2
&gk cmlahA 5 6 1 6 Z 1
> RREETAR e L 5ok regression) i 1 : :
N /s . 7 5 +2 9 7 42
factor structurefIfs  ~—[x} Rel—» Jfiindependent oo 5 o g 3
FHREA w7 / N variable A % % |
a[‘ms\fx“l X = Tx+ e Y= Ty + e
ﬂ[ﬁvr ! if r (X,Y) =05
s of r (TxTy)=0.5/[(rxt-t) (rye-91¥/2
=0.71 (assume rit =0.7)
KT HAU SEM p. 39 KT HAU SEM p. 40
> VPRI R s e
G5l 75 FEAR Y R HL N

Structural Equation Model and Its Applications

IV BEtE R F o

IV Confirmatory Factor
Analysis

(Run 1)

BT (RAS)
Kit-Tai Hau
FRPLRELHFLER
Educational Psychology Dept,
The Chinese University of Hong Kong
[HIEE E AEHBN

KT HAU SEM p. 42
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Confirmatory Factor Analysis, CFA

Loz 3 4 s 6 7 8 5 101l 1z 13 14 15 16 17,

L
L,
O

:

.

()17 7 R L
5 2 S S e

([{()A~B~C~D-E = #szowas

.
(iy4~4-~3-3-~3W
(iV) 350 4+ 33& 10 .14 15 05 .00 .16 .30 13 .08 .38 350

1z .18 .16 .24 .02 14 .2l .20 .22 .06 .23 J8.L

%2 .32 208 L0 20 @A

1017 a2 .02 1S 8 .28 3L

13 .15 .20 05 .01 .14 .24 .09 .24 .15 .21 .20 .45 L.

14 .18 .21 8 .03 .25 e 18 e .22 1z .24 .28 351

1S .08 .16 06 .01 .zz .20 .22 1z .12 .16 .21 .25 .20 .25,

16 .12 .16 .25 .02 .15 .1z .20 .14 .17 .20 .14 .20 .15 .20 .§0 .

17 .20 16 .28 .04 .25 .14 .21 17 .20 .21 .23 .15 .20 .22 .25 4L L
o

KT HAU SEM p. 43

KT HAU SEM p. 44

Menu
command |

Drawing
area

éDisplay ;

area

KT HAU SEM p. 45

To draw the CFA diagram 2

1. Click @‘ 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:

KT HAU SEM p. 46

&

i

KT HAU SEM p. 47

@
e =

To adjust parameters
displayed:
ez -

1 T 888

KT HAU SEM p. 48
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Results ﬁ@g Variable counts (Group number 1) k@g
Analysis Summary Number of variables in your model: 39
Date and Time Number of observed variables: 17
Date: 2009+ 56! Number of unobserved variables: 22
Time: ™ -T 07:36:56 Number of exogenous variables: 22
Title Chap 3 CFA Number of endogenous variables: 17

Parameter summary (Group number 1)

Notes for G'roup (Gr.oup number 1) Weights Covariances Variances Means Intercepts Total
The model is recursive Fixed 2 0 0 0 0 2
Sample size = 350 Labeled 0 0 0 0 0 0
Unlabeled 12 10 22 0 0 44
Total 34 10 22 0 0 66

KT HAU SEM p. 49 KT HAU SEM p. 50

@ l\i%ngﬁﬁwral_rpet?r) d stang?rd E Oer Srel.zssmn Weights: @
Computation of degrees of freedom (Default =+ © i T g s
model) Esimate SE. CR. P
. . [
Number of distinct sample moments: 153 X < A 1000 [-valle= S ASE=980/.145=6.764
L . x2 < A 980 145 6764  ***
Number of distinct parameters to be estimated: 44 3 <« A 1050 150 7.007  *+*
. x4 < A 089 110 807 419
Degrees of freedom (153 - 44): 109 - -~ B 1000
X6 <- B 888 124 7157  +x+
X7 <--- B 794 115  6.881 el
Result (Default model) X8 «- B 436 126 3469  **+
H i x9 <--- C 1.000
Minimum was achieved x10 <--- C 1.045 145 7.205 el
Chi-square = 194.570 X1l  <- C 1098 152 7.229  ***
x12  <- D 1.000
Degrees of freedom = 109 Xx13 < D 1057 132 8032  ***
- x14 <--- D .875 133 6.557 el
Probability level =.000 x5 < E 1.000
x16 < E 1100 127 8677  ***
x17  <- E 844 119 7087  ***
KT HAU SEM p. 51 KT HAU SEM p. 52

Standardized Regression Weights: g . g
: @ Covariances: (Group number 1 - Default model) @
Estimate Rt = Rt =
X; <= 2 :Zé Estimale SE. CR. P
X <--- .
3 < A 621 A <-> B 199 040 4934 **r*
4 < A 053 A <> C 139 034 4102 ***
x5 <- B 642 A <-> D 187  .039 4.798 ***
X6 <-- B 571 A <> E 163 036 4518 ***
X; <= : Zég B <> C 198  .039 5096 ***
X < .
Q@ < C e85 B <-> D 215 041 5276 ***
x10 <--- C 612 B <-> E .208 042 4895 ***
X1l <- C 643 C <> 0D 174 036 4.833 ***
x12 <-- D .621
13 <— D ‘656 C <> E 169  .037 4573 ***
14 < D 543 D <> E 201 041 4845 ***
x15 <--- E .654
x16 <--- E 719
x17 <-- E .552
KT HAU SEM p. 53 KT HAU SEM p. 54
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Correlations: Squared Multiple Correlations: (Group number 1 - Def  ault model§
e Estimate S
Estimate x17 .305
x16 518
A <-> B 525 x15 428
A <> C 402 x14 295
A <> D 510 xﬁ ;‘gg
X R
A <> E 423 x11 413
B <-> C 527 x10 374
B <-> D 541 o pe
B <-> E 496 X7 260
C <> D 481 X6 .325]
D <-> E 496 x3 386
x2 336
x1 350
KT HAU SEM p. 55 KT HAU SEM p. 56
Modification Indices -- Covariances: " Regression Weights: T
M.I. Par Change @ e ML ParChange @p
X <= . p - -
el5 <-->el7 6.18 -.10 X17 < x5 428 10| Maximum Modification
el0 <->eld | 565 -10 e ool o | Index is 20.61 for
e <->el2| 863 -12 X6 < x5 405 -] Element x8 < A \
8 <>D | 657 09 4 < 2 406 oty 12 AR A 12 24l | il
8 <->B | 1658 -15 N - b B mflivt, b
8 <->A 24.86 17 X2 < X9 625 .
o7 <->el3| 577 -10 S :
e/ <->e9 4.33 .09 x8 < D 10 .
&6 <->ell| 819 12 :§ : xAIS 298.72 15
e6 <-->e7 5.92 -.10 8 < x12 625 13
e <->e8 5.34 -.10 X8 < x3 5.88 13
8 < x2 20.83 24
& <->e7 586 10 :s : :1 20.90 24
e3 <-->elb 5.61 .09 X6 < xll 6.40 12
@ <->¢8 10.38 15 x5 <= xI2 4.14 -.09)
el <>e8 | 1040 15 b o6 | ems 1
KT HAU SEM p. 57 X1 - &8 9.54 15 KT HAU SEM p. 58
Model Fit Summary 3| & (B4 58+ [ 0.56x (N-1) = chi TU=NNFI| [ cri=RN_J
SaEnPar = p x (p+1)/2 0.56x349=194.57 Modd NFI  RFI IFT—TLI ]
Ind—nPar=p Deltal rhol Deta2 rho2
Model NPAR CM P CMIN/DF Default model 82 78 91 89 .91
Default model 44 19457 109 .00 1.79 Saturated model 1.00 1.00 1.00
Saturated model 53 00 0 Independence model .00 .00 .00 .00 .00
Independence model 17 110479 136 .00 8.12]
M odel PRATIO PNFI NPCFI
Model RMR GFlI  AGFI PGFI Default model .80 66 73
Default model .05 94 .92 .67 Saturated model ﬁg\ .00 00
Saturated model .00 1.00 Independencemodel 1. .00 |
Independencemodel| .19 60 .55 53 pRatio = df (hypo model)/df (null model) || PCFI = pRatio x CFI
= (153 - 44) / (153-17) =.80x.91
Oldest (LISREL) indexes: =109/136 =0.801 =.73

RMR, GFI, AGFI, (SRMR)

KT HAU SEM p. 59

KT HAU SEM p. 60
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Completely Standardized Solution @ @

\UAmos p. 61

o X47EA Fitiloading i/ (0.05), (H7EH Al
71116 IE 5% (MI, modification index)
AN (0.00, 0.02, 0.00, 0.02 in B,C,D,E)
—~RINEA, WS AR T

o Q8TEBI it AE (0.28) , {HEEAKIMIFE
20.6, WAEIHJEA

o PP IR S (0.4Q 5 0.54)

o FWERULAitH 2445 X (109) =194.57,
RMSEA=0.047, TLI = .89, CFI= .91.

o fFAR A H NG, M2:Q4, QBIHAA

KT HAU SEM p. 62

MREEM, 9

* QBVEA - [T
fib il (.49) o

« X?(94) =149.51 -

wEgEM. 9

® ¥’ (93)= 148.61, RMSEA
—.041, TLI = .93, CFI
=.94 -

® QBTEAffiih .54, 7EB

RMSEA=.041 » g -.08
TLI=.93 > CFI ® D4 s QB SBIE
=.94- 6, BRI, T X
GRS, FFATRA T

* M
o i, AHE AR A

%

9 2

& Emodification Ff)EHERKMAIEMLE

BRI df  xY* RMSEA NNFI CFI &

M-A 109 195 .046 .89 .91 Ji&iA!

M-B 94 150 .041 .93 .94 JjiQ4,Q8-A
M-C 93 149 .041 .93 .94 JjiQ4,Q8-A,B
MB-2 99 152 .039 .94 .95 2F[AT

KT HAU SEM p. 65
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Structural Equation Model and Its Applications

IV BEtE R F o

IV Confirmatory Factor
Analysis

(Run 2)

BT (RAS)
Kit-Tai Hau
FRPLRELHFLER
Educational Psychology Dept,
The Chinese University of Hong Kong
[HIEE E AEHBN

KT HAU SEM p. 66
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BAEMRE T
Confirmatory Factor Analysis, CFA

Loz 3 4 s 6 7 8 5 101l 1z 13 14 15 16 17,

()17 TRy :
SRR e

(i)A~B~C-D-E -

(i) 44333/ °

(lV) 350/'\3',_;[’ 11 .14 .15 .19 .01 .18 .30 .13 .05 .38 .38

1S .08 .16 06 .01 .zz .20 .22 1z .12 .16 .21 .25 .20 .25,

16 .12 .16 .25 .02 .15 .1z .20 .14 .17 .20 .14 .20 .15 .20 .§0 .

17 .20 16 .28 .04 .25 .14 .21 17 .20 .21 .23 .15 .20 .22 .25 4L L
o

KT HAU SEM p. 67

——[=, ,@

e [F]—

=[5

—>X4r‘ -

KT HAU SEM p. 68

In SPSS, prepare the raw data or @

corr matrix e
MATRIX DATA variables=ROWTYPE_v1 to v17.
begin data.
N 350 350 350 350 350 350 350 350 350 350 350

350 350 350 350 350 350 CORR .19 .20 .15 .01 .14 .24 .09 .24 .15
SD11111111111111111 21.21.45 1
CORR 1 CORR .18 .21 .18 .03 .25 .18 .18 .18 .22
CORR .34 1 12.24 .28 .35 1
CORR .38.35 1 CORR .08 .18 .16 .01 .22 .20 .22 .12 .12
CORR .02 .03 04 1 .16.21.25.20 .26 1

CORR.12.16 .25 .02 .15 .12 .20 .14 .17
.20.14 .20 .15.20 .50 1

CORR .20.16 .18 .04 .25 .14 .21 .17 .21
.21.23.15.21.22.29.41 1

END data.save outfile =
‘D:\AMOS\chap3CFA.sav'.

CORR.15.19.14 .02 1
CORR.17.15.20.01 42 1
CORR.20.13.12.00.40.21 1

CORR .32.32.21.03.10.10.07 1
CORR.10.17 .12 .02.15.18.23 .13 1
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
KT HAU SEM p. 69

In Amos: to start

Ref: Amos xx.x User’s Guide and Programming
Reference Guide in X:\Program Files\Amos
xx.x\Documentation\

Either:

e start > program > Amos xx.x = Amos graphics
 double click *.amw

« drag/drop *.amw from explorer to Amos graphics

» Start - programs > Amos xx.x > view path
diagrams - double-click *.amw

e in SPSS - analyze > Amos xx.x

KT HAU SEM p. 70

Menu

Drawing
area

Toolbar

—
NN |

<— Display N

area

KT HAU SEM p. 71

PP

draw observed fdraw unobserved draw latent/add ind
0o
— > 1% draw path draw covariance gdd unique variable
% % figure caption list var in model list var in data set
@ @ ¢ select one object elect all object deselect all objec ts
E BT K duplicate objects nove objects ellase objects
@ O ﬁg change shape obj otate indicators reflect indicators
Lo
DED h move parm. Values  feposition path diag tolich up variabl e
it select data files analysis properties  cglculate estima tes
= cc path diag/clip bd  iew text save current diag
i 5 [P e g
i= V& Object properties rag prop obj  ->obj [preserve symmetries
Q zoom in selectarea View a smaller area iew a larger  area
LA
"9
4

Show entire page esize diag fit page  ekxamine with a lou pe
- ‘ Bayesian multiple-gp analysis  Pfint selected graph
C M undo prev change ndo previous undo  specification sear ch
< 4 toolbar option oolbar option toplbar option

12
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View input path diagram View output path @
(model specification) diagram e

@

Group number
Model selection

Unstandardioed estimates

Unstandardized /standardized
estimates

Interaction process

*.amw files

KT HAU SEM p. 73

To draw the CFA diagram @L

1. Click E‘ on toolbar > click/drop on

drawing area, click 4 times > &%é/g

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

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

KT HAU SEM p. 74

KT HAU SEM p. 75

o

=(a|s| 8| o Dxfb| &) 19| 7

compute v3=v3*1.5+2.

save outfile="c: My Documents' SEMfile] sav’
keep=v3,v6.v7.v9 v10 v11 vI2 v13,v20.

2. Click “Select data files % select the

1. Generate *.sav file

* sav file

3. Click “list variables in data set” &
drag and drop the variable to the =~
box/circle in the diagram, right
click to add names, then [[if

ZEBELEERLRY

KT HAU SEM p. 76

aumbez | : OK: Defanlt model

RE

@ clipboard)  Chl+C

(Tt

P2

) Deslect AL
PR Lisk

TS
[5

aE

ShPAT

K1 HAU Amos p. 77

b,
= s =

To adjust parameters
displayed:
ez -

R gas

KT HAU SEM p. 78
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. HaBRTFEE (fixed, FI) 2 9 To see results: Click “view text” .3
—WATE R T [BA R, BoREe chap3_1_2 CFALzmn o y—
40 B Analysis Summary A @: -7 0 FIOEE:Q
< it AOE, KBTS E 0. S, e T T
NN a == o Maximum Likelihood Estimates
¥‘$ D¥&7ﬁ7}t Ef’ H [ﬁlﬂijg_o" - Parameter summary Regresion Weghs: Group number 1 - Desale mokl
— =T ER TSR Eﬁ/fj(set metric/scale) b Sample Moments Esinte SE. CR P Lwbd
o K73 B (metric), ToVETHS !-MﬂdE' ) 2| e e L
N NN L - -k Eatimates x4 A 089 110 807 419 par3
o — TRk BT TR R g ZE 5 D L(E LA 4k, (A - Modfcaion Indices S o4 -
Fr g [ 52 5 %95 (fixed variance method)  Mrinizaon Hitory P Ny
o —PEAE AN TPk B — AN E b 1 i-Pairnise Parameter Comparis WIC e am e e e
fb e H0),  RTRR ki 2 £ 4472 (fixed loading), as in 5 Model Ft :ii T R )
Amos for CFA + Bxecution Time B
. ﬁ/é\li%%?-‘ﬁﬁ%ﬁm(free’FR)mﬁ%g{aﬁﬂﬂgg%& Dot modd! E 844 119 7.08 l par_12
KT HAU SEM p. 79 o e e o

Variable Summary (Group number 1) :
Results Your model contains the following variables (Group ~ number 1) =
Analysis Summary Observed, endogenous variables
; 1
Date and Time iz <15 c
Date: 2009+ 55|61 - x16 €9
S . x17 el0
Time: » T 07:36:56 " il
Title Chap 3 CFA X5 Unobserved, exogenous D
X6 variables el2
A el3
Notes for Group (Group number 1) x7 el el4d
The model is recursive x8 e2 E
K X9 e3 el5
Sample size = 350 %10 o4 e16
X1 B e17
e5
x12 €6
x13 e7
x14 e8
KT HAU SEM p. 81 KT HAU SEM p. 82
Variable counts (Group number 1) R . o
Number of variables in your model: 39 Computation of degrees of freedom (Default
Number of observed variables: 17 model)
Number of unobserved variables: 22 Number of distinct sample moments: 153
Number of exogenous variables: 22 Number of distinct parameters to be estimated: 44
Number of endogenous variables: 17 Degrees of freedom (153 - 44): 109
Parameter summary (Group number 1)
Weights Covariances Variances Means Intercepts Total Result (Default model)
Fixed 22 0 0 0 0 2 Minimum was achieved
Labeled 0 0 0 0 0 0 .
Unlabeled 12 10 2 0 0o m Chi-square = 194.570
Total 34 10 22 0 0 66 Degrees of freedom = 109
Probability level = .000
KT HAU SEM p. 83 KT HAU SEM p. 84
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Z¥ (parameter) || Standard Error SE_ ' @ Standardized Regression Weights: @
Maximum Likelileod Esti tws -- Regression Weights: % Estimate
Estimate | SE. CR P X1 < A 592
X1 <= A 1000 [-value= Z¥/SE=.980/.145=6.764 X2 < A 580
x2 < A 980 145 6764  *** X3 < A 621
x3 < A 1050 150 7.007 @ *** X4 < A 053
x4 < A 089 110 807  .419 X5 <- B 642
X5 <- B 1.000 X6 <- B 571
X6 <- B 888 124 7157 @ *** X7 < B 510
X7 <- B 794 115 6881  *** X8 < B 280
xg < (B: 1_333 126 3469  *** X9 < C 585
X <--- "
x10 < C 612
x10 <- C 1045 145 7205  *** 1 < G 643
x11 <- C 1098 152 7229 @ *** )
12 - D 1000 x12 <-- D .621
X13 <~ D 1057 132 8032  *** K13 <-- D 656
x14  <- D 875 133 6557  **x x14 <-- D 543
x15 <- E 1.000 x15 < E 654
x16 <- E 1100 127 8677  *** X16 <- E 719
x17 < E 844 119 7.087  *** 17 < E 552
KT HAU SEM p. 85 KT HAU SEM p. 86

Covariances: (Group number 1 - Default model)ﬁ@p Correlations: (Group number 1 - Default model}g@p
Estimate SE. CR. P Estimate
A <-> B 199  .040 4.934 *** A <--> B .525
A <-> C 139 .034 4102 *** A <--> C 402
A <-> D 187  .039 4.798 *** A <> D 510
- * k%
A <-> E 163 .036 4.518 A <> E 423
B <-> C 198 .039 5.096 *** B <> C 527
B <> D 215 041 5276 *** B <> D '541
B <-> E 208 .042 4.895 *** )
C <> D 174 036 4833 **+ B <>E 496
C <> E 169 .037 4573 *** cC <>0D 481
D <> E 201 .041 4.845 *** C <-> E 442
D <--> E 496
KT HAU SEM p. 87 KT HAU SEM p. 88
Variances S;?#]atlumbeéé Defaé.ll't?model ) @ Squared Multiple Correlations:
A 349  0/4 475  F s Estimate
B 411 086 4796  **+ 17 305
c 342 072 ATIA *xx
D 384 075 5008  **+ x16 518
E 427 077 5562 *** x15 428
el 648 068 9585  *x+ X14 295
&2 662 068 9808  **+ x13 430
€3 612 068 8949  *x+ 12 385
ed 994 075 13192  **+
& 586 075 7838 11 413
€6 673 067 10034  *** x10 374
e7 738 068 10831  *** x9 343
8 919 074 12398  **+ X8 078
&9 656 066 9942  *x+ X7 260
el0 624 066 9397  *x+
ell 585 067 8736  **+ x6 325
el2 613 065 9363  *** x5 AL2
el3 568 067 8508  **+ x4 003
eld 703 067 10512  **+ X3 386
el5 570 063 9112 el X2 336
el6 481 065 7382  *x+ " 250
el7 .693 .065 10.694 il KT HAU SEM p. 89 - KT HAU SEM p. 90
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Modification Indices -- Covariances: .
M.l. Par Change S
el5 <-->¢el7 6.18 -.10]
el <-->¢ld 5.65 -.10
9 <->¢gl2 8.63 -.12
e8 <->D 6.57 .09
e8 <->B 16.58 -.15]
8 <->A 24.86 17
e7 <->¢€l3 5.77 -.10
e’ <->¢€9 4.33 .09
6 <->e¢ll 8.19 12
6 <->¢7 5.92 -.10
5 <->e8 5.34 -.10
5 <-->¢7 5.86 .10
e3 <->¢€lb 5.61 .09
e <->e8 10.38 .15]
el <->e8 10.40 15
KT HAU SEM p. 91

Regression Weights:

ML

x17
x17
x16
x16
x16
x14
x14
x13
x12
x11
x9
x8
x8
x8
x8
x8
x8
x8
x6
x5
x5
x2 -
x1 o= X8

- X5

AR N RS R SN AN R AR AR AR AR
>
~

4.38
4.28
425
4.17

Par Change|
20

b,
= e

Maximum Modification

Index is 20.61 for
Element x8 < A

B %2 50
Bk B Bk,

&

£ 04

KT HAU SEM p. 92

Minimization History (Default model) @ Model Fit Summary i/ FA' A [ 0.56x (N-1) = chi
ol El Z 0.56x349=194.57
lterat-| - -ve o oition # ST piameter FoN Ratio| Sat hPar = p x (p+1)/2
ion EV EV Tries Ind—nPar=p
Oe 13 -.16 9999.00 1310.09 0 9999.00 Mode NPAR CMI P CMIN/DE
e 0 844 215 39084 20 .75 Default model NM 19457 109 .00 179
2e 0 2883 67 30808 5 .00 Saturated model 53 00 0
3e O 35.91 80 21915 2 .00 I ndependence model 17 110479 136 .00 8.12
4e O 70.96 .55 196.21 1 .98
5e 0 89.24 16 19460 1 .99 M odel RMR GFI  AGFI PGFI
6e 0 923 02 194571 101 Default model 05 94 92 67
7e 0 91.81 00 19457 1 100 Saturated model 0 100
Independence model .19 .60 .55 .53
Oldest (LISREL) indexes:
RMR, GFI, AGFI, (SRMR)
KT HAU SEM p. 93 KT HAU SEM p. 94
TLI=NNFI] | CFI=RNI CMin — df = 194.57 - 109 Lo = Hi= y
— 4 - n-dl=29%sf- ,—‘ confidence interval _ [§#
Modd Dd'\t'F'l EFl DGET\LLQ N Mode [NCP LO9 .~ HI 90
a no:. no;
Default model 82 78 o1 89 ol gga”;;;wd " 85'33 50'2(1) 128'33
Saturated model 100 100 100 Independencemodd | 96879 86655 107848
Independencemodel | .00 00 .00 .00 .00 P ' ' '
0.56 x (N-1) = CMin
0.56x349=194.57
Model PRATIO PNFI kPCFI Mode S~FMIN FO LO9 HI 90
Default model .80 .66 73 Default modd 56 .25 14 37
Saturated model ﬁg\ .00 00 Saturated model .00 .00 .00 .00
Independence model 1 .00 Independence model 317 278 248 3.09
1 NU—
pRatio = df (hypo model)/df (null model) PCFI = pRatio x CFI
= (153 - 44) / (153-17) — 80x 91 Model RMSEA LO90 HI 90 PCLOSE
=109/136 = 0.801 =.73 Default model 05 04 .06 64
Independence model 14 14 15 .00
KT HAU SEM p. 95 KT HAU SEM p. 96
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M odel AIC BCC BIC CAIQ@
Default model 28257 28736 452.32 496.32(%%
Saturated model 306.00 322.64 896.26 1049.26
Independencemodel | 1138.79  1140.64 1204.37 1221.37

M odel ECVI LO9 HI9MECVI
Default model .81 71 .93 .82
Saturated model .88 .88 .88 .92
Independence model 3.26 297 358 3.27

M odel HOELTER .05 HOELTER .01
Default model 242 263
Independence model 52 57
Execution time summary

Minimization: .00

Miscellaneous: 13

Bootstrap: .00

TOtaI: 13 KT HAU SEM p. 97

Completely Standardized Solution @

KT HAU Amos p. 98

9
2 AR -
 X47EAIN Figrloading R/ (0.05), {H7EHAD
HF 1 IEF % (MI, modification index)
A (0.00, 0.02, 0.00, 0.02 in B,C,D,E)
—RNEBA, WAIAJEHo AT
o Q87EBIK AT (0.28) , {HIEAKIMIE
20.6, nJfHEHJEA
o BT IR (0.4Q 5 0.54)
o BERIPLAAH 2407 X (109) =194.57,
RMSEA=0.047, TLI = .89, CFI= .91,
s PR A H NG, 2Q4, QBIHAA

KT HAU SEM p. 99

wasE M, 9

* QB VA » [N i
TE'H:EL ['J (.49) >
« X°(94) =149.51 »

RMSEA=.041 >
TLI=.93 > CFI
=.94-

KT HAU SEM p. 100

BEMS g

(no. of estimated parameters) e

wE o4t X° NNACRl BEMHNBEAK

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

A X (Adf):A)(z(l):14,p<.05

s BAREHIREXR,
T Mg b M, 47
« Q8[| MJEAFIB?

KT HAU SEM p. 101

pReE M, 9

® ¥’ (93)= 148.61, RMSEA
—.041, TLI = .93, CFI
=.94 -

® QBTEAffiih .54, 7EB
fiti h -.08

® [ EQ8N 5 BALIE
A, MANGEL. T HX
ST ARXIG, T DAFRATTIE

® ik, fREIUHE AR
%

KT HAU SEM p. 102
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9
& IEmodification BTGB EIEHLE

BRI df  xY* RMSEA NNFI CFl &

M-A 109 195 .046 .89 .91 Ji&iA!

M-B 94 150 .041 .93 .94 JjiQ4,Q8-A
M-C 93 149 .041 .93 .94 JiiQ4,Q8-A,B
MB-2 99 152 .039 .94 .95 2F[HT

KT HAU SEM p. 103

4 ¥y 75 R AR T % E N A

Structural Equation Model and Its Applications

V ZREEHEE
V multitrait-multimethod
(MTMM)

BT (RAS)
Kit-Tai Hau
FRPLRELHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
LTS AHBN

KT HAU SEM p. 104

multitrait-multimethod(MTMM)
o iR (method): 5K, 2o, 2228,
ARG, LR
o TURPREDI(trait): @iy, FEARETy, H¥
REJ), WHICRES), Bl iR
« 257 55 L &N SR %X5FHE

o ST AR A DG
(CTCM, correlated-trait correlated-method)

KT HAU SEM p. 105

I FREFEHIEESHTHAERS

HEET FEET @

TE EHY i BAR WY owk £l¥ Fis AN ¥E ER S8

flik. Fis o -
fhlids . Frin
k. ¥
hlik .
flik . =g
A FiE
w=AL Hw
A ETE
9. EHA. B
1084, EE
11.8|¥E. Fi
12.3%, Fid
158%¥. i
14 3¥. EE
15.3%. =&
1685, Fis
17582, Fid
18432, ¥
10382, R
WK, FE
2 AE. Fi
22418, g
EER L N -
ELE L4
258, EEE

-
-

BRA R ML
R
PR S
PP
4 4

ESERE R
“

RN
“

<
i

KT HAU SEM p. 106

KT HAU SEM p. 107

MATRIX DATA variablessROWTYPE_ 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
sD1111111111111111111111111

COR 1.0

COR 401.0

COR .44 .431.0

COR .39 .41 .43 1.0

COR .44 .38 .44 .451.0

COR .50 .21 .18 .19 .19 1.00

COR .19 .48 .22 .23 .18 .45 1.0

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

COR .22 .19 .19 .53 .22 .41 .45 .45 1.0

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

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

COR .24 .52 .19 .23 .19 .22 .48 .18 .19 .18 .45 1.0

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

KT HAU SEM p. 108
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COR .48 .23 .18 .23 .23 .48 .18 .23 .25 .24 .55 .23 .19 .24 .23 1.0

COR .22 .51 .17 .19 .21 .19 .51 .19 .23 .23 .23 .52 .23 .19 .17 .43 1.0

COR .23 .22 .48 .22 .19 .23 .23 .53 .23 .22 .24 .22 47 .22 .19 .45 .39 1.0

COR .19 .23 .23 .53 .22 .24 .19 .24 .53 .19 .21 .24 .23 .48 .23 .42 .46 .45 1.0

COR .20 .24 .17 .23 .49 .21 .16 .19 .19 .51 .24 .18 .24 .22 .52 .41 43 .39 .45 1.0

COR .51 .22 .18 .19 .18 .52 .25 .24 .24 .23 .49 .24 .21 .24 .24 .53 .24 .23 .23 .24 1.0
COR .22 .53 .23 .18 .17 .25 .53 .17 .18 .24 .19 .52 .18 .19 .17 .24 .49 .19 .21 .21 .45 1.0
COR .19 .22 .47 .22 .23 .22 .23 .47 .17 .17 .23 .22 A7 .21 .24 .23 .23 .53 .24 .23 .41 .451.0

COR .22 .23 .22 .52 .21 .19 .17 .24 .53 .19 .19 .19 .18 .53 .22 .19 .21 .18 .51 .18 .43 .41 .45 1.0
COR .20 .24 .19 .19 .49 .18 .19 .19 .23 .52 .23 .17 .23 .19 .52 .24 .18 .24 .17 .25 .44 .42 43 .41 1.0
END data.

save outfile="D:\My Documents\AMOS\pg\chap3_2_MTMM_corr.sav

KT HAU SEM p. 109 KT HAU SEM p. 110

VB HECTCMBUIR e (non-converged), - 2- % IR VU v A A b D

AR, RS TEY, BE R IB AL correlated-trait correlated uniqueness (CTCU)

(similarly fixed loading at 1 converges to an o E5 k- FE IR = &

improper solution), [ [#l5 k23 i ¥e(helps only f{%&TMM’%i CIT 5 X TR W SihL
=

in this specific case)
o BIMEA,  RAS AR 2T IEE (positive
definite, proper) Jf: A4,

(iteration number)‘

1p. 111 KT HAU SEM p. 112

9

« B THEL
AR T
(NK=5)

o AVFBATIIN
BRI T
uniqueness(
BFR R R,
error) K

- eg., #1l. 6,
11. 16, 21
AN [+
—ANIIER
K

KT HAU SEM p. 113 JSEM p. 114
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Checking =

 proper solutions
« fit reasonably well

« 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

S ¥ 75 REAR T ] E N A

Structural Equation Model and Its Applications

VI fERY
VI Full model

BT (RAS)
Kit-Tai Hau
FRPLRELHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
LTS AEHEN

KT HAU SEM p. 116

247 (Full model) 9

o D(x1,2,3). “FHERTI(x4,5,6). FE(x7,8,9)1
M2k (yl,y2,y3) WAMNE S (y4,5,6) F1R S
Hin (y7,8,9)?2 N =500

« path;&factort factor[K %N, 5401 Rl
REAHLL

o residual (S5 7R 22) IR FINsk 2 CRUEIRRE
PR T 7.

KT HAU SEM p. 117

MATRIX DATA variablesSROWTYPE_ 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
COR1
COR .68 1
COR .60 .58 1
COR.01.10.07 1
COR.12.04 .06 .291
COR .06 .06 .01.35.24 1
COR.09.13.10.05.03 .07 1
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 .16 .09 .09 .10 .10 .02 .04 .12 .15.29 .20 1 =
COR .24 .26 .22 .14 .06 .10 .06 .07 .08 .03 .04 .02 1

COR .21 .22 .29 .07 .05 .17 .12 .06 .06 .03 .12 .04 .55 1

COR .29 .28 .26 .06 .07 .05 .06 .15 .20 .10 .03 .12 .64 .61 1

COR .15.16 .19 .18 .08 .07 .08 .10 .06 .15 .16 .07 .25 .25 .16 1

COR .24 .20 .16 .13 .15 .18 .19 .18 .14 .11 .07 .16 .19..21 .22 .35 1
COR .14 .25.12 .09 .11 .09 .09 .11 .21 .17 .09 .05 .21 .23 .18 .39 .48 1
END data.

save outfile="D:\My Documents\AMOS\pg\chap3_2_Full_corr.sav'.

KT HAU SEM p. 119

KT HAU SEM p. 120
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Corr among “factors”

82
&) EA

72 & @

N\

v N < Y
\\Tﬁ)/ Yo T\ (e”

\1/ \ /

Corr among residuals

() 13
CO-»pHy 74I 5
[51y ¢

e
\(:”;)\\////
\ /

D|I|g ) \></
/

/
41 /

4
o p‘] - // \( 45' @ 55 / 45’.‘_(\
b 4 / s yal
@ e} 2 @ Fassiop yBle—c8) @T@ Ka\s_sljgﬁ)
T o R e S s g &\@

45 R ARE 9

« X *(125)=292 51 » RMSEA=0.052 > TLI=0.90,
CFI=0.92 - flA G

« interesting, Ml (Passion € ExAct) = 2.116 by Amos,
but should be 292.5 - 270.1 = 22.4 (by re-running
the programs and compare) » [K”-Passion < ExAct
G j FI%’ » = Passion, ExAct"s|=IE J?FE'K; thus
do not change here

o fFI- 7 ST-EIM2ELiIEPassion € Confidence
MI 17 10 Parm Change= .224)F {1 if > BIPHHT
lf* H% ¥ kL 435 (and must be meanlngful ubstantlally)

IETHERI T ol DR E(J)'?—é‘,.}‘ o T [4@ = Ef

patfh(ExAct < Ach) 0.011 (SE = O 052,t=0.214)
Frgsnt g o[ g‘I B g 5 o ]—JEL*JMZ FYEXACt

é Achfil "0 » BB EIMS o

KT HAU SEM p. 122

o WO F 2% free parameter (BiHASE
7, BIRE)-RJrchi-squaress ik /b
jJEEE?’BiﬁI (BEBIAR TR F ), BT T7 253

Ho

o MBI H HZHUG, RI7TAE W Hkb,
YN B S EOR AR

o MBS HHSHUG, RI7EH BEHIE I,
i B SO AT

KT HAU SEM p. 123

element | —f& & EHE
loading (a)?“4 TR A=
et
(b)L B ?H—J quJ.
Jiil= »[m - 7 i
i [l o 17
Factor corr: (*a)’llEﬁ_f‘, 57k W# Ey
exogenous | JTFSHVREL IR
factors O FEST 4
FEH 1 e 5 2k
[ 1"
FTHY” T e SRk
Al
Factor corr: 3 "m:a (cov): H
endogenous |~ O,
factors (b)»f 287 S (var):F I
“"I L+ KT HAU SEM p. 124

— W Esetting

element |3

Item (a)+f jz8diagonalfiy 7

uniqueness iif'ﬁ”fﬁﬁl‘

(b)ZF+#25non-
diagonalfi mi [l

e ?—'"
jjy WI%,JI 71?
I“ﬁjj“'i
E”lﬁxﬁ'
directional | K% M 74 &k W effect
path 240 | hfhl

KT HAU SEM p. 125

o ERERY
(measurement model)

X=4,+0
y=41 ;7+£
X — 515 FFrexogenous

(izneimﬂ%? F5)
Y —py/Efskrendogenous

(@I

B ERED

A, Ay — PR fufif #E % (loading)
o E—REM
(unigueness, measurement
errors)
o ZEFYFEAY (structural model)

n =By +I¢ +¢{

KT HAU SEM p. 126
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Structural Equation Model and Its Applications

n[‘},:.?ﬁ*ﬁ'

High-order actor Analysis

"*‘%fr(’it 3
Kit-Tai Hau
FRPLRELHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
[ EIISE FREN

KT HAU SEM p. 127

B EFSH 2
(high-order factor analysis)

o W—Bhfirst-orderf 1A FHMR, TS EL
. 5SN— T, ALK,

o WA —ANiAE S (—Frsecond order) KT,
M —MEE IR FIRI . 10N 5
Z¥fparameter (M HT5 TR T
AR,

o ZIRATRTUARECR, FHEdMEE i, N
N 7 R B 2 2% /K Fnonsignificant, MR
fii i tkparsimony, FATLE#E —Fir#ifisecond-
order factor model

KT HAU SEM p. 128

In SPSS, prepare the raw data or @
corr matrix SR
MATRIX DATA variables=ROWTYPE_v1 to v17.
begin data.

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

350 350 350 350 350 350 CORR .19 .20 .15 .01 .14 .24 .09 .24 .15

SD11111111111111111 21.21.45 1
CORR 1 CORR .18 .21 .18 .03 .25 .18 .18 .18 .22
CORR .341 12.24 .28 .35 1

CORR .38.351 CORR .08.18 .16 .01 .22 .20 .22 .12 .12
CORR .02 .03.04 1 16 .21 .25 .20 .26 1

CORR .15 19 14 02 1 CORR .12 .16 .25 .02 .15 .12 .20 .14 .17

.20.14 .20 .15.20 .50 1

CORR .20.16 .18 .04 .25 .14 .21 .17 .21
.21.23.15.21.22.29.41 1

END data.save outfile =
‘D:\AMOS\chap3CFA.sav'.

CORR.17.15.20.01 42 1
CORR.20.13.12.00.40.21 1

CORR .32.32.21.03.10.10.07 1
CORR.10.17 .12 .02.15.18 .23 .13 1

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
KT HAU SEM p. 130

4AU SEM p. 131

AR L 2.
« MB-20rd 445N df, 2 KEHHF, HAhfg%Lindex
ATt i
o ZHETE Bul??%% (GARHD) 1R
(.66, .66, .66, .75, .66)
BB A ORIR S, B AL I R 1

BRI U3 R I EA3AAIR)
TAEHCE 2R Fequivalent KR
P

Vik

Ll %ﬁll‘ﬁ

=
S|

Fa%idit index [z MUAEANIRL (P L S FERE, —
FRET L ﬁ&ﬂ?ﬂ’]ﬂﬁ?‘ﬁi& 0ot R/ ) —
N4 jiS/l\*Bu?) , — B

A (e HAS
: VK, AEX Jrnon-

Jggﬂ

dlfferentlatmg

KT HAU SEM p. 132
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MATRIX DATA variablessSROWTYPE_ x1 to x25. @
begin data. ¥

[ N N /N

Ji° /I\ — BJI N 500 500 500 500 500 500 500 500 500 500

e
TR 45 500 500 500 500 500 500 500 500 500 500

¥+’% a8 J¥ 500 500 500 500 500
SD1111111111111111111111111

25 A %It?l@ N COR 1.0

. :;" N U= 17, COR .40 1.0
I_{E B COR .44 .431.0
LA 1R f K as COR .39 .41 4310

COR .44 .38 .44 .451.0

COR .50.21.18.19 .19 1.00

COR .19 .48 .22 .23 .18 .451.0

COR .20 .21 .53 .18 .23 .42 43 1.0
COR .22.19.19 .53 .22 .41 .45 451.0

%
e@s—-@i—/‘% o
S’D‘——@’//‘)Z '

i COR.19.17 .22 .19 .52 .46 .41.39 .44 1.0
«2 '
@_’_E:\yh COR .49 .23 23 .17 .23 51 .23 .17 23 .23 1.0
«3—k23 Y E COR .24 52.19 .23 .19 .22 .48.18 .19 .18 .45 1.0
E’—*@’ﬁﬁf COR .22 .22 .52 .22.18 .19 .23 .51 .17 .22 .39 .43 1.0
S KI HAU SEM p. 133 COR .23.18 .22 .49 .17 .24 .17 .24 .47 18 .41 .44 431.0  KTHAUSEMp.134
8 € 55 @A)
9 S
COR .18 .22 .23 .19 .48 .25 .21.19 .22 .53 .44 .39 .42 .41 1.0 e & )
COR .48 .23 .18 .23 .23 .48 .18 .23 .25 .24 .55 .23.19 .24 .23 1.0 ar
COR .22 .51.17.19 .21.19 51.19 .23.23.23.52.23 .19 .17 .43 1.0 e _
€6—+ix6h o1eB)
COR .23 .22 .48 .22 .19 .23 .23 .53 .23 .22 .24 .22 .47 .22 .19 .45 .39 1.0 ST}
COR .19 .23 .23 53 .22 .24 .19 .24 .53 .19 .21 .24 .23 .48 .23 .42 .46 .45 1.0 @8~ { B

COR .20 .24 .17 .23 .49 .21 .16 .19 .19 .51 .24 .18 .24 .22 .52 .41 .43 .39 .451.0
COR .51 .22 .18 .19 .18 .52 .25 .24 .24 .23 .49 .24 .21 .24 .24 53 .24 .23 .23 .241.0

COR .22 53 .23.18 .17 .25 .53 .17 .18 .24 .19 .52 .18 .19 .17 .24 .49 .19 .21 .21 .45 et 12—y N S
10 T3 2ndorder)  of3—>RTFeY C ) (2ndOrder)
COR .19 .22 47 .22 .23 22 23 .47 .17 .17 .23 .22 .47 .21 .24 .23 .23 .53 24 23 .41 O~ j?—’m B o
451.0 1 B “
COR .22 .23 .22 52.21.19 .17 .24 .53 .19 .19 .19 .18 .53 .22 .19 .21 .18 .51 .18 .43 (137 *@1,,:\;35?41 S
41 .451.0 «i-FT8eY D
COR .20 .24 .19 .19 .49 .18 .19 .19 .23 .52 .23 .17 .23 .19 .52 .24 .18 .24 .17 .25 .44 APl 5T
42 .43 .411.0
50ED
END datg. @p oo %}Qj 4
save outfile="D:\My Documents\AMOS\pg\chap3_2_MTMM_corr.sav'. o23—rk23e ] E
e
‘@25 @@/w
KT HAU SEM p. 135 KT HAU SEM p. 136

« M-1-ord: % = 464, df = 265 » RMSEA = .039,
TLI = 914, CFl = .924 ; 5% [N=" 1 lfiffl
B 41% 50| -

* M-2-ord: AR, x* = 465, df = 270,
RMSEA = .038, TLI = .918, CFI = .926. #%4{#%)
parsimony/si i, FA 1N EX A 2-order
factor model. —Fir5—FrH X R iR (2nd
order factor = 1st order factor
=.70, .64, .69, .64, .66)

KT HAU SEM p. 137 KT HAU SEM p. 138
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— A B R AR A .
. —HrRAFRAEEGFHEX R
. :M'—iﬁl‘ﬁ?fﬂ%&:ﬁﬁﬂﬂm:

- ZH5-RETERED, RITRI
s —AME % h L(JB] %€ 51415

« EANEHUT—HEF AEER
—HRETF

o AN TIRCBERE, BEE.
- ZBr B BB R K
— ZB RN R — B R A B

(parsimonious)
-:mmﬂ& V1P PN

- EomEmnES. momn
;‘g(ﬁ&mwwx#ﬁ%

+ fELISREL 2R ET,
- ZHETRE, BT AnRE
- ZHh5—HrETFHANRE

KT HAU SEM p. 139

S5 75 REAR T I C N

Structural Equation Model and Its Applications

VIl Bai Ry

VIl simplex model

"*‘%fr(’it
Kit-Tai Hau
FRPLRELHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
[ EIISE TREN

KT HAU SEM p. 140

HAFEAE R (simplex model) 2.

£1 Ca £y 4 Es

KT HAU SEM p. 141

&

Simplex correlation matrix e
oA R X R R
B TE B TR S R T A

Ty T2 Ts Ty Ts
T 1 4
T: 1 TR~
Ts ~ FE 1 T~
T ~FHE 1
Ts v 1

HHTERURHIRIER

T T; Ts T, Ts
T 1 0.5 0.4 0.3 0.2
Tz 0.5 1 0.5 0.4 0.3
Ts 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

KT HAU SEM p. 143

MATRIX DATA variables=ROWTYPE_ y1 to y15. g
begin data. )
N 500 500 500 500 500 500 500 500 500 500 500 500 500 500 500 -
SD111111111111111

COR1

COR 451

COR .47 411

COR.29.11.171

COR .14 .19.13 491

COR .12 .14 .18 46 431

COR .25 .07 .08 .32.14 .16 1

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

COR .10 .07 .18 .24 .12 .35 .46 451

COR .21 .04 .05 .23.15.08 .35 .19 .16 1

COR.09.19 .14 .12 .25 .03 .13 .34 .15 451

COR .04 .02 .22 .09 .04 .21 .12 .18 .35 .42 .49 1

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 .49 1

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_simplex1_corr.sav'.

-

ol

KT HAU SEM p. 144
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KT HAU SEM p. 145

KT HAU SEM p. 146

KT HAU SEM p. 147

KT HAU SEM p. 148

04..24 g
S oz J £
ot

. J
S T9 o To ]
\i. L\‘ w 1.51 51

b ¥ 3 .

»
49 62 \‘57 4.48 wﬁa 58 i,t\‘:l \‘.S, 51 £3 .48 .53 61
N i N NG N
_ a4 — — 2
T 73 4

=

]

7N\ Jer-ée 4

29 3 Er)

Stof Bl AU B TR, — T

o XTELFRFRIG AR, i B ANMERRIR E T £, B
AT SR A A 2 A

o ZIRPRMBLR AR BTG Fe 2T 20T | Akl

o FHIRZEARC L RRES AR R0 B2 RHR ZE ARG, 1X
SUA SN TE A (positive) 4 & P

o INTARZEEASE B k>

KT HAU SEM p. 149

S ¥ 75 REAR T R N

Structural Equation Model and Its Applications

IX Z4HSEMAHT
IX Multiple-group SEM

BT (RAS)
Kit-Tai Hau
FRPLKREHHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
LTS AHBN

KT HAU SEM p. 150
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£ HSEMAMT 9
(multiple-group SEM)
o S-SR B ABAE I M /> HTmultiple-group CFA

(B2 Hrpath analyses)

— 254 (Bl L) T g ffactor
structure & 75 A [ ? %Jﬂﬁﬁ%upath’%iﬂl
parameter/coefficient?E AN [F) 41L& & A B3 %=
Ssignificant difference? (45 Hb#:% 4 ]V &R %L
regression coefficients in multiple group &7
FHIRIZEAL)

o BICFALN AT A5 A I (Multiple- -group

Mean Structure Analysis). K558 ) =50

ANOVAL (B 5 2S5 — 2553 HT)

KT HAU SEM p. 151

% 41 B A BRI 44T 2
multiple-group CFA

1. ﬂé/i\ﬁ'[ﬁj ( configural/pattern invariance )

2. [N D]Téfactor loading LX= [ﬁjinvariance

3. Z H3 uniqueness TD%“[ﬁJinvariance

4, 5"+ = factor variance, diagonal of PH
=] [ﬁjinvariance

5. =" 151,22 factor covariance PH = [HJ
invariance

KT HAU SEM p. 152

142 SZEEER ST S ) ptagr D

Model df Chl 2 RMS A TLI CFI
MO,Mp 2 & ddif 24 49.57 .042 .966 .977
MO Fi/ ECH ; it 24 44903 .035 .974.982

NES Ej‘ |Fr, nolnv 48 94.50.027 .970 .980
M2 Loadlng 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 ~ U Inv 69 131.21 .026 .972 .973
M7 Ld,FacCov,U,Intrcpt Inv;
Fac meanFree 75 132.23 .024 .976 .975
M8 Ld,FacCov,U,Intrcpt,
Fac mean Inv 78 146.80 .026 .973 .970

KT HAU SEM p. 153

MATRIX DATA variables=ROWTYPE_ x1 to x9. @
begin data. s
N 600 600 600 600 600 600 600 600 600
SD1.071.230.981.021.011.030.991.06 0.98

MEAN 2.01 2.45 2.67 3.21 3.33 3.452.67 2.19 2.34

COR1

CORO0.68 1

CORO0.60 0.581

CORO0.05 0.100.07 1

CORO0.12 0.140.06 0.291

COR0.10 0.060.04 0.350.38 1

COR0.13 0.130.10 0.050.08 0.07 1

COR0.04 0.100.16 0.100.12 0.06 0.35 1

COR0.09 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. @
begin data. Botes
N 700 700 700 700 700 700 700 700 700

SD 1.051.201.020.99 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

COR0.10 0.080.10 1

COR0.05 0.080.06 0.351

CORO0.14 0.100.04 0.280.26 1

CORO0.11 0.090.08 0.150.10 0.05 1

COR0.10 0.150.16 0.040.08 0.10 0.27 1

CORO0.14 0.100.12 0.140.12 0.18 0.30 0.40 1

END data.

save outfile='"D:\Docs\AMOS\pg\chap4_2_MGgirl_corr.sav'.

KT HAU SEM p. 155

- Chap4_2_mgbkmmlio5 - boy - Input

Fle Edit View Disgram |Analyee | Took Phugins Help
(g} [l Calculate Estimate:
% l Manage Groups.

Modeling Lab.

Toggk Obsrved Unoberved
grees of frvedom.

E
&] @ @] OK: M o7 De =
4 e

£5 Mtk Group Analyss
A BeesmEsmaton.  CthB
% Dot Impuaton

KT HAU SEM p. 156
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R e
File Edit View Disgnm Anshwe Tools Plugine Help
[== 2= =2
[ Variable [ Vale [ N
NG o (5 1 2 3 4 5 & 7 3
Measwementweighs W (W (W (T [ ([ ([ | [T
g y Measwementinexceps [ | | | T | T | T | T
' Swcmmlweighs T | F | F (T || T
Fle tame \ ey | Stoctalinerceps T [ | M | [T || C | T
1 Stetwlmeas T (R | F ||| C || T
iy Db B Stuctumaleovadances | | W W T T T T
ﬁ_‘ Cancel Stuctmalwesidas T (FC ([ F | F(F ||| T
Measwementesiduals [ | LW T LT rir
I~ Allow non-numeric data I~ Assign cases to groups
)T a0 =
be e | ___ . Help Defark Cancel
i
Text  Pammets | Colos | Fommat | Visiblity| T P
‘Eontsize and style Qyientation
e = o —
I &l grougs
Va SetDefault
vxjé CovOM_B covME_B
L8 B
T
vChi Move Parameter VEng_B
Shpe of Ot e B
TouwhUp N
covCE_B
KT HAU SEM p. 159 caveES p. 160

anage Models

hap4_2_mgbkmm1to5 : girl : Input

Mode] Hame =
|ﬁ1 Leading buvariant

Pammeter Constrints

o

0
0
o

Model Nara
COVCE G M Unconstrained V="

MG Barimeter Cons

&

Manage Models

0¢0

).
4
B

Medel Mame
|M3 Loading and covCE invariant

m
&
Y
=3

wh'rn'vn'v'a vy 'nw!

G EE
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[o]
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q
¥
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B 9
( Chi\3 b (/ Math\a :

KT HAU SEM p. 161
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= co\.g:i\;aéEﬂB ~ P . ) géﬁﬁﬁ: ﬁgﬁ%mﬁﬂ ] ﬁ{;@%
weE S M Loding P vt Multiple-group Mean Structure Analysis
S | | e oo o ARFILUAIPA TR 747 8352 S8 4B, mean
coME_G Model Nerme: structure models)

i i Teefing o Ui ¥ T 5 4% 4111 i loading Afllinvariance

I Uik : ’ Brcameter Constins — WA T 7 2244 [Flfactor covariance, i % 7 254%
i SREPTES | e PRSI
g:g %ﬁﬁ%ﬁﬁ% G | Mo . ?Hb(gkﬁhln(?lcgtor|nt}erceptTX%|ﬂ
VB - Vasiuess o B — AT AYTaup I
e e P i — BRI AL Tau 5 5 1AL AR

e s — 4L 2% A factor mean equivalence

e — SR S LLLE B FHIM M0 (Kappa )

e — AYFHABAL(Kappart £ [ i it

] — W FE>265SE (t>2.0) AR F5141

ﬁ’(]é' KT HAU SEM p. 164

= w4 |
a8 For the puxpose of computing fit measures with incoraplet data 7
c
5
& it the satmated and independence modsls
x4
" Fit the satorated model only ‘?
A 1
 Fit neither model
xD M
h_E
4 4 4

File Edit View Disgram Analyee Tools Flusine Help

| Output | Bootstrap | Permutations | Random # | Tide

1

Discrepancy

B

& Mairoum likelihood. I Es':rmrn:;smaans and
" Generalized leastsquares

I Ei 15
© Unweighted least squares el

H O Scale-fiee leastsquares

Chicomect

" Asymptotically distribution-free

EngMn, vEng_G

covCE_G

[T= 0 Ex

= Imercepts

=

SRS e g v x]

S

QUODANANOEOTWOWQ WO

o311

b
BEEGE
U MOR ]

QROAAQHA

{

e Blew Dielet Clese

covCE_B

covCE_G

N1 RAU SEW P, LU0
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@
B

M %%EKZR Bt
— 2 (L) MKATEE (RIESC, Heoy. JEEY
fimean) 0.019, -0.102710.083
— %tV [F)SE 40.054, 0.041, 0.036

—t-{40.352, -2.470, 2.331
— XRIR:
o B HTE -- UM N0) L (31 50.019) &

# 5 (t=0.352, n.s.)

o B4 (BEA0 MEEF ARG Tt 3
{ = -0.102, t = 2.470)

o AERTEEAE (B = 0.083) W& T5H
A (B R0, t = 2.331)

KT HAU SEM p. 169

Z A LLRIIR T
TESEMW, LR 2 AR F3ME, — MK TR IR)T,
BN L4 A
o HHFT SRR E R ROES)HR
o 4T 4714 (loading) A 7]
. %éﬂ?l‘ﬂ*ﬂ%(ﬁ]ﬁ%) (variance/covariance)#l

o FAFRFR R ZE (FETE) J7 22 (uniqueness) A [F]
F AR (Tau)H 1H]
41 K ¥ A [F] (Kappa)

KT HAU SEM p. 170

L= =

4R A A g

o FER AT ) A AR I SR N 5 ) A 1 BT A
FAR(dfR /)

o N7 E RS M AL T Fparsimonious
(dffEK)

o RIS, X2 N T

o N7 SR AR, XPRKIUE R )

o N7 SER” SF ARG RS (N RLA
P SUR RO AR, ) SR BT e T

o N7 BB SR 2 (HRE
PP AR, D)5 A AN S ) (55 R AN BT

KT HAU SEM p. 171

LA ik 9
EFRRE Hedn BWEGARERYL
proper 4}...)
AR KA E(a priori)l | RACIBRL v | ARSI R good fit
AT S5 #HHZH
(parameter)
Load Tl | fhivh 4 A Loading invariant | ¢ ALfitE ™ H L
Loading
var/covar | fliil# var/covar ARt ™ E %A
;:;[ﬂj var/covar invariant
uniqueness | it #% [ uniqueness ALt ™ %A
= [ﬁJ uniqueness invariant
intercept 1 ttiitintercept | intercept A LAt ™ %A
Tl invariant
Factor fixed at zero freely estimated | ffZ4imean5 5 —41

mean =T (Bl Ath 2 ) TGt 25 2 5
significant difference
KT HAU SEM p. 172

GHARBBRINE

Structural Equation Model and Its Applications

X R G5 TT IR AR
ZIp R

X Issues: Model
Specification and analyses

"*‘%fr(’it 3
Kit-Tai Hau
FRPLRELHLER
Educational Psychology Dept,
The Chinese University of Hong Kong
R e

KT HAU SEM p. 173

HH SHTREENATSR
Model Specification and analyses

A. IAFALR 5 7 AR Confirmatory, Model
generation
o AURRIGIE (strictly confirmatory » SC)
. 'IL*EIEP U — My
. KNMAZL, TREZIEEIEL, )7
ﬁi&ﬂ’]ﬁi?‘
o PR (alternative models - AM)
o MWBIAMTS, P MRk nT IR
o HEATYE A LR IE R, BOIMGIE
Vi

KT HAU SEM p. 174
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\@
R

L= =

o A (model generating © MG)
o SERRH A A AR
o ETHLRECEYE, HHRREIEG K
FEREAY
o BUCRA, G [E-EHARREA, K
15 IEFfmodel respecificationt]

'a‘ujﬁﬁﬁ, HAE T 77 AN e A
j}:l:;

KT HAU SEM p. 175

g

B. 45t R R o

+  ME[HAY (model specification ) dEE
o MIMARESFHAAR (HT) MXRRA
o JWATENMMMAEKXR (FreWPLeH 7 G
IR £ 240 b direct eﬁect)
o EEZRMBIA A, u] L)L R iconstrain - 47
ﬁloadmgﬁl?*ﬂ?%?%lﬁ/iﬂlﬁ’]%[ﬁj%
%= (WJiZD, 24K 1R AH 2% & $correlation
T0.3; 247 b A 5D
. ?{%’J”J# i (model fitting)
. MLAERE R 250 (14 o1 (versus [A]15)
*ﬁ JE%FHF)?B&/J\ AU AR, AN
IS B VFR A fe /N Z Fedfivl )

KT HAU SEM p. 176

C. BLE[¥E (i (model assessment ) f@p

— 45K R i solution & 75 & 2 proper, flith &
WS, S SEAGTVHE RS E S PG (19JZZLI,
FRRBAE +15 —12.09)

aR
\

KT HAU SEM p. 177

Sae =

—%%ﬂ@%?’ﬁﬁ*ﬁﬂﬂ‘]%%%ﬁﬁﬂio MIREAR 5)
Bl Beth IS U LLAMI 25 0L, H5 2804
AR B8 AR, 55‘6%1?&&@?25743
EXORE S

— B2 AR AR A 4R 4L,
NNFI/TLI. CFI. RMSEA WXZ%

— R R T INERRA , TEiE E—
PIAN AR (EEENTN0) XA &
FEMANK

— N2 e A A — AN E AR T measurement
model
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o D.#EEMEIE (model modification ) @
—fk?)?ﬁlﬁi DA A, AN AN SRR

#a priori model

- T"ﬁgim (W) Sk GEED EPXR, @7
METe s Lmeasurementmodel

— T A ) k20

- %)ﬂM*Tﬁ‘élﬁiﬂl?ﬂi‘ﬂ?Tﬁ?ﬂﬁ'JEﬁﬂ, FAS AT
B ETRE, X B R R 3 04T

(ex lorato factor analysis, EFA) , PTG IREL,
/U)ﬂlﬁ %i%i%ﬁﬂ%””

il

’%%%ﬁ; %—Auﬁl *

— WAERY, R ErhRUEE, tEL ARdEfRGkZESd
residuals. 1& -1k %(Modification index M. %]
A expected chan e K5 Fhal-& a4t index,
P MBSO - T A D IR
M_nx):ﬂ’]iﬁL&%%%*"ﬁﬂii&%ﬂ“ﬂlﬁﬁﬁk el
S —ANSIAEAS, 22 H ffg i cross-validate
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SHAG TS R 5K 9

= s =

Parameter Estimation and Fit Function

o Hizsik—2e 2 Hparameterfd £3 14K rimplied/
reproduced fJs 24 2 @) 55 FEA ) )5 24 S
CHERR” B
& i it 405 R it function
o MG L S THE R REAN
-T2 WE (IV instrumental vanable)
BJ[F&@ = ( TSLS, two-stage least squares) ;
— =Y = # (ULS, unweighted least squares) ;
— AR (ML, maximum likelihood) ;
— " T 9 (GLS, generalized least squares) ;
— = JEup e ] = #% (WLS, generally weighted least sq)
— SEIY e [ = 3 (DWLS, diagonally weighted least sq)
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Structural Equation Model and Its Applications

Xl ER: 3 KB R a) 3

Xl Issues on data

"*‘%fr(’it 3
Kit-Tai Hau
FRPLRELHLHER
Educational Psychology Dept,
The Chinese University of Hong Kong
R e
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issues on data
» FEAZEESample Size

— FEA R
- E@/I\?J:%Viiﬂh%y FIO BRI 25— AL

— I JE RN AT A ECE 2 (M H
o HlEZMData Type

— Y RFE G TR T R R (Pearson) AHIG(EE LG/
SR i dinterval/ratio data)

—SkHE%% OBy BF (ordinal scale) , HUHZ
(polyseriaD) FHICFREL, 5877 7 7 b
(asymptotical covariance matrix, ACM)% 1, LIWLS
%Tﬂﬁﬁéﬂi, FRAENAR K, #AMHZMACMARRE 2 NS
E
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o T N AR DGR B 4387 2 S
— SEM@EALTE Jy ZZ RN )5 Z 55 1T b
— FHAIRH R, RZHUHOL T E A
— FEFLESL T A IEffi(W.Cudeck, 1989 ):
. ﬁEﬁ%Jl%g%ﬁ 1, [ BRI R FR I

Bifiif ANAE

o [ APE, BRELAA B BRI
J\(T! /1\#:4':

o i) AN TP AN EL B SRR, BRI
A 1 [+

. ;57& P8 [T 2 BT R TG B
'“ﬂkﬂ RSO RYUES e S I ES iy
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L R R R A fitting ) E) & -

o ZM&INER ZEmeasurement errorfiT 5| SR AR

- Ji# (ZRi) variance
o xSt Rvar= ¢ AR+ O AT
o e Ovar %5 F%, 440wl T A RN
AR S i
— FHKcorrelation# =] JHZ#(regression coefficient
Y =y (var)/var(x)

_ 2
lep = rxy/(rxxryy)]/

r, = 05/ (0.7°)¥* = 07
U
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o FFEbR AR B (single indicator)
— ANEERF {4 Tloading Suniqueness
— XFAHIAEBE correlation matrix
Fix both: loading, uniqueness
Set value of uniqueness at .15
(1-0.85)=0.15
Set value of lambda .922
SQRT(.85)=.922
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« RZEMIcorrelated uniqueness e

— RAERR R (BB M R multi-wave panel), %l
RVFIRZEM
— FE— MY, TR R AV ZE T LA G

04 - 24
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o NP AEZ R B equivalent models? ﬁf@g
— LA B S5 (O, AARRY A7 42
AR, e A R, S A A
—WAESL, RIS (O FREZAN G
AHHEG A R AR L (N5 R ) [ A2 2

G A A R R Fcausal B

relations
- PERCRUL, JES T FH DA AR B[R] PR R AN
HIWFFT, #ASBEE I A% & 8] 2 15 H F A7 AL
KAR. PMNERBA, STz HEE
ARTR],  AEAR B () R0 AH I 49 1
- P AE 925 ¥t non—experimental design:
« XM longitudinalf 57 504, HANEEE
BTN (2 BELL R
* ffi 1 Z AR rmultiple indicatob A 48 £
* FEAREIE R AR, (45 R AA SR

)
=4 PE e
— . %‘)ﬁﬁﬁ*ﬁ’ﬂﬂ‘]ﬁ)‘(, SN Vi PS
{1)=9'¢
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o AHAHTR A S R T (higher-order factor) ﬁ@g .

- ?f?& A LABR BN B O, IR w5

— ] ZA A PEAR (AN 0T FF) QAT S 27 2 ST T

(B EIF)
e A o m
O->C <O OO e
o AR — /L ~O
- O B\ s
> <O OO | <O
O O \\ // e
O o e N
C—==C_ O L= A O <
r R / \ Rl
O O o/ N
O O e WO
o I / \ 0
b 41 G J \ A
L < B=C OO
[ — o 0
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