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1008: , ALOU: %@ 9
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, 07, 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, 72,
83, 89, 44, 38,47, 71, 00, 73, 12, 35,
82, 56, 75, 41, 46, 49, 50, 94, 66, 67,
76, 51, 88, 90, 74, 13, 26, 80, 48, 91
Mean=53 E U 3 A SD(Std Dev)=15
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100 |Gd 3 % 98:1uGd T 1 EI$ 0@ @L
(correlation coefficient matrix)
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a*6 /Ld y-14L (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 A FEER ERRATBHEKIERE S
¥ 2 3 4 5 6 7 8 9
R L0 i
#H2 20 1.00
##H3 08 08 1.00
¥H4 50 1 08 1.00

RS 48 .03 12 45 L0

#H6 07 a6 s 08 a1 100

#H7 05 4 5 2 a2 4 L0

##8 14 17 53 .14 08 10 06 1.00

M9 16 .05 43 0 .06 .08 .10 54 1.00

o1 2 3 4 5 6 7 8 9
¥H1 L0

##2 0 L0

3o 0 1.0

#0000 10

#5809 9 45 L

FM6 0 g6 0 09 09 100

HRT09 9 9 08 4 100

E2 T N € TR VI N P N S B B )
#He .0 0 43 10 0 0 .09 4 1.00
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9 A EHEFHE NI FTBAIHECIERE S 16
il 1 2 3 4 5 6 7 8 9 \@
“FFE L 1.00
2#Fh2 12 1.00
#H3 08 og  1.00
iR .50 Ax .08 1.00
#FES .48 .03 S12 .45
56 .07 46 15 .08
T .05 44 .15 12
HFLE -1a a7 .53 14
Eand 16 .0s .43 .10

s 1 2 3 4
#Fh1 1.00

#F2 100 1.00

¥FE3 .11 (100 1.00

R4 .50 .09 10 1.00
H#F S .48 .09 .09 .45
#Fl6 10 .46 10 09
T .09 44 .09 .09
FH8 .13 12 .53 12
¥Rt 9 .11 .10 .43 .10

8aY p>"GO g€
‘SO (9 xXE e
3K 6

e " 16_,)( §B l’:l N -~ :Mﬁfnmm:mn:ﬁu: g y.@%
(accuracy) "1T"O0 =+ w
- 2 12 100
(parSImony) 23 08 08 10
—3UiZUD [ TR RN N
Agoodness of fit A

index AELT/A 30 s s « 5 & 2 v

) H . o 0 S M B 0 K LN
UzD(fltlndex) e M6 M5 48 0 06 B A0 S LD
¢ ANNFIACFI

—df=[ 4Gj4 26 non-
duplicating elements,

p(p+1)/2] - [ Au-D T

estimated parameters]
— GM6_$ df=9x
10/2-21=24
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JG Aé#teA A¥L
correlation/covariance matrix S
OpeipY)UBXABNG_ (alternative models)

Eg9

SEM O @program pu

(e.g., AMOS,

LISREL) qBs20nd_

RTa s,jct63ax

Egl
%

A BCA X-DA * $B69K loading A
“$,1G2ID factor correlations 1 A
@/i200D
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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 256 1.66 1.63 0.69 0.59 0.56 0.50 0.45 0.36
% Var 284 185 182 7.6 6.5 6.2 56 50 4.0
Cum9% 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(eigenvalueMU ) °©
1 S
» scree test.b-C: 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

CORR0.12 1.00

CORR 0.08 0.08 1.00

CORR 0.500.11 0.08 1.00

CORR 0.480.030.120.451.00

CORR 0.07 0.46 0.150.08 0.11 1.00
CORR0.050.440.150.120.12 0.44 1.00
CORR0.140.17 0.53 0.14 0.08 0.10 0.06 1.00
CORR0.16 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 . ,R0@%y .17

factors are assumed to @
The Output be uncorrelated % L ey

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_
s @ Factor 1 Factor 2 Factor 3 Unique Var+=« EFA (exploratory FA) CFA (confirmatory FA)#.,

be correlated p x

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
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

Items loaded on
targeted factors only

KT HAU SEM p. 20
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KT HAU SEM p. 21

100 |Gd 3 + 98:1uGd T

(correlation coefficient matrix)
9 A RREREREFTAWRLIERE §

1EI$ 0@ @g

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. 22
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9 - EIFHE MINATHAIIARLERE S

FFE 1 2 3 4 5

T S @

[= =
2R 1 1.00
B2 12 1.00
#FE3 .08 .08 1.00
2l 4 50 n 08 1.00
RS .48 .03 -12 .45 1.00
¥k 6 .07 .46 15 .08 .11 1.00
247 .05 A4 .15 .12 12 .44 1.00
FFE8 .14 17 53 .14 08 S10 06 1.00
2FE9 .16 .05 .43 .10 06 .08 .10 54 1.00

RIBEANAHRERE S BB M, IBNBELER X

ad | 2 3 4 5 6 7 8 9
#8100 1.00

2 S0 100

3 L1 .10 1.00

54 .50 .09 .10 1.00

RS .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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(chap_2_Fulll with PH wigas ¥
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f== s =

=25
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f== s =
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9 9
cetreiy cetreiy
32
KT HAU SEM p. 31 KT HAU SEM p. 32
9
oy

5_ egS'NNFI_CFl_LO?U AuX-DpD. |
M1 24 40 .973 .982 21 =9 Load + 9 Uniqg + 3 Corr
M2 27 503.294 .471 18 =9 Load + 9 Uniq
M3 26 255.647 .745 19=9 Load +9 Uniq + 1 Cor
M4 26 249 .656 .752 19 =9 Load + 9 Uniq + 1 Cor
M5 27 263 .649 .727 18 =9 Load + 9 Uniq

M6 24 422 .337 .558 21 =9 Load +9 Uniq + 3 Corf
M7 21 113.826 .898 24 =9 Load + 9 Uniqg + 6 Corr

KT HAU SEM p. 34

~

6 I"EW (Model Comparisorr)‘@%
. 79+ 2(df), SURz (fit), 46N A O Q E A6, i
E1T"Q(parsimonious) ce3 U (fit) k \ Q,X & _
* Eg 9input:
—1G Ae#+A AL correlation/covariance
matrix S
- OpeéipY)UBXABNG _
+ Eg1Output:
—f0aUa0Und_ EcaSAOO&X-AL
— Au@CA X — D parameter A $B69K loading A’
$,G2ID factor correlations1 A A
—AulkT@/i30UD (goodness of fit indexes)

KT HAU SEM p. 35

(alternative models)

JG Ae#-A AwL
correlation/covariance matrix S

OpeipY)UBXABNG_ (alternative models)

Eg9
SEM O @program pu
(e.g., LISREL)
qBsz0né_

RTa s,jct63aXx

Egl
%
A BCA X-DA " $B69K loading A

“$,1G2ID factor correlations 1 A
@/i200D

KT HAU SEM p. 36
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48X IR _XGj?U @ | 48 X +/56 _, X458 X |
« Structural Equation Model ” SEM * #GEO_ (n:easurement model)
» Covariance Structure Modeling” CSM ; ; * +
. = i Y PN . PN
AMOS = Analysis of Mo_ment_Structures X e$d 0 Uexogenous AV 6NM/ 4£ 0 O A
* Linear Structural RELationship ” LISREL Y— v*6 U U endogenous A VAAA D A8A a4vA
- (EQS, Mplus, etc.) oy AT OUTHEEE (loading)
) —AA ANMuniqueness, measurement
errors)

+ 48 X & _ (structural model)

KT HAU SEM p. 37 KT HAU SEM p. 38

48 X /30 _ X 1&e e AT ~GE e mé ===
o —! ) independent - 06 AAA?-3 B A
AaEZ)Uip - i variable * -G£ ';U stJD l;U dUtD
y 3 . opservel rue error opserve rue error
Gﬂmany dependent d__epende,.,nt,\vanable score score score score
variables) y# GEAA A X T, e Y T, e
e B TR
AE Au “$48X regression A A'7% ? g _é g ; _é
factor structure * “GEindependent o o ) o g 3
$ G20 variable"u YAA A]
PN \/ X = Tx+ e Y= Ty + e
) ifr (X,Y) =05
SanElg 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

AEEQN O X#GEGS _
AuHpd X 3URz
model fiti WEW aas_ ]

SEMUA:2&Ud
regression A" $U0d (P'As
0°$0d CFAAv260°
$Ud EFA)A P ttestA

48X /38 _%JIh*U

Structural Equation Model and Its Applications
IV PPA0"$0d
IV Confirmatory Factor

«AUd ANOVAAIEW @4~ Analysis

'$ group mean

comparison Ax f0*i & _ (Run 1)

interaction A rP"A’Au expt )

design €Aa(€ca)
Kit-Tai Hau
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PA-0"$Ud o
Confirmatory Factor Analysis, CFA

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

()178:TO >: :
:40z7228 Do

(i)A*BeCeD-E -

(iiiy4 4+ 333Nl

(iv) 3508:Gd 3 s s

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
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Menu
command |

Drawing
area

a

X

\é

it

F]

p

R,
& 2 -

¥
“o11
;Q‘

N

Display ;

area

KT HAU SEM p. 45

To draw the CFA diagram =%+

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

KT HAU SEM p. 47

@
e =

To adjust parameters
displayed:
ez -

1 T 888

KT HAU SEM p. 48
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Results
Analysis Summary
Date and Time
Date: 2009 £5” 62
Time: @ * 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: 39

Number of observed variables: 17
Number of unobserved variables: 22
Number of exogenous variables: 22

Number of endogenous variables: 17

Weights Covariances Variances Means Intercepts Total

Fixed 22 0 0 0 0 22
Labeled 0 0 0 0 0 qQ
Unlabeled 12 10 22 0 0 44
Total 34 10 22 0 0 66

KT HAU SEM p. 50

L

Computation of degrees of freedom (Default ===

— D (parameter) tandard E SE v
Maximum Likekin @d"E%\%%{tieFr --rl&oergressmn Weights:k:;/;,@%
SE. CR P

model) Estimate  S.E. R.
. . [
Number of distinct sample moments: 153 XL <= A 1-00MN&-%E59§QL145£6~M
. . x2 < A 980 145 6.764  *=
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
X7 <--- B 794 115 6.881 Hxx
Result (Default model) X8 <~ B 436 126 3469
H i x9 <--- C 1.000
Minimum was achieved o el & 1045 145 7205 e
Chi-square = 194.570 ar e ¢ L0%s 152 7229
X < .
Degrees of freedom = 109 x13 <- D 1.057 132 8032  *=*
- 14 <--- D .875 .133  6.557 rxx
Probability level =.000 a5 <. E 1.000
x16 <--- E 1.100 127 8.677 Hxx
x17  <- E 844 119 7087  *
KT HAU SEM p. 51 KT HAU SEM p. 52
Standardized Regression Weights: g g
Estimate ﬁ»@u ﬁ»@u
xlo < A 592 Estimate SE. CR. P
2 < A 580
13 b A 621 A <> B 199 040 4.934 =
@ < A ‘054 A <> C 139 034 4.102 =
X5 < B .642 A <> D .187 .039 4.798 *+*
X6 <-- B 571 A <> E .163 .036 4.518 ***
X; :"'g gég B <> C 198  .039 5.096 ***
§9 - c sa B <-> D 215 041 5276
x10 < C 617 B <-> E .208 042 4.895 wxx
x11 < C 643 C <> D 174 036 4.833 *=
az e o C <> E 169  .037 4573
14 < D ‘544 D <> E 201 041 4.845
X15 < E 654
x16 < E 719
X17 < E 552

KT HAU SEM p. 53

KT HAU SEM p. 54
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Correlations: e Squared Multiple Correlations: (Group number 1 - Def  ault modef§
ey Estimate ey
Estimate x17 309
x16 518
A <-> B .525 x15 428
A <> C .402 x14 295
A <> D 510 x13 430
x12 .385
A <-> E 423 x11 413
B <-> C 527 x10 374
x9 .343
B <-> D .541 8 78
B <-> E .496 X7 .26
C <> D 481 x6 .325
x5 412
C <> E 442 " 003
D <-> E .496 x3 .386
x2 .33§
x1 .35(Q
KT HAU SEM p. 55 KT HAU SEM p. 56
Modification Indices -- Covariances: @ Regression Weights:
aAUAE6 20 GO
M.l. Par Change AEGAAEG D UA S iy
el5 <-->elY| 6.18 -.10 AEAAAABAE  QOARAEE A
- ; AEAAAARMAAA CAABE
el0 <-->el4 5.65 .10 AE 6 AAAGAE
e9 <->el2 8.63 -12 A K dAAASAE
- AGGAAARA
e8 <-->D 6.57 .0¢ A@ GAAAEAE
e8 <-->B 16.58 -.1% A A5 VATA ABEAE
e8 <->A | 24.86 A7 AAAKAAR A
e7 <->el3 577 -1o RAAAANENS o
e7 <->e9 | 433 .09 e
e6 <->elll 8.19 A2 e
e6 <->e7 5.92 -.10 B
e5 <->e8 5.34 -.10 &
e5 <->e7| 586 1o &
e3 <-->el6 5.61 .09 =3
e2 <->e8 | 10.38 15 £
el <->e8 10.40 A5 M
KT HAU SEM p. 57 AR KT HAU SEM p. 58
:D}Z808Q3 | 0.56x (N-1) = chi TU=NNF] [ CRI=RNL )
rf ) = . et
sdf nPar = p x (p+1)/2 0.56x349=194.57 Model NFI RFIIFT T
Ind.nPar=p Deltal rhol Delta2 rho2
Model NPAR CNW P CMIN/DF Default model 82 78 91 89 91
Default model 44 19457 109 .00 1.79 Saturated model 1.00 1.00 1.90
Saturated model 153 00 0 Independence mode .00 .00 .00 .00 00
Independence model 17 1104.79 136 .00 8.12
Model PRATIO  PNFI \PCFI
Model RMR GFl  AGFI PGFI Default model .80 .66 7B
Default model .05 .94 .92 .67 Saturated model 00 .00 .00
Saturated model .00 1.00 Independence mode| 1. .00 | 0
Independence modgl .19 -60 .55 $3 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

10
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Completely Standardized Solution @

\UAmos p. 61

g g

48 p?-Gz
x4 U A,XB69Koading\a (0.05)E GJ?
“$XAI70D AMI, modification index A
3 4P~ (0.00, 0.02, 0.00, 0.02 in B,C,D,E)
—4¢2 YE34&2J2 $
Q8 1B, XBO9K 4P-A0.28 AE U AXMI
20.6 EA6N & 2 A
" $KE,I G \P- (0.40 7C0.54)
6_20fit]'Q & (109) =194.57 E
RMSEA U0.047, TLI = .89, CFI= .91 A
"45"INLAY « & Eb6s Q4,Q8&9A

KT HAU SEM p. 62

5_A7 M, 9

*+Q88—>%", W QO
[81 ©.49+”

. c%(94) =149.51"
RMSEA .041”
TLI .93" CFI
=.94 -

KT HAU SEM p. 63

6_A7 M. 9

c? (93)= 148.61, RMSEA
.041, TLI = .93, CFI

=.94 -

Q8 UABGIK 54EUB

B69K -.08

" VEbP Q8haBal7

IG E aU)U As5aeE-

BOOK,ii" E *8A EY

Y

Ei ENI%&20p°

KT HAU SEM p. 64

Al7 modification a8 _X3U O DI'ew

6 _ df ¢? RMSEANNFICFl @

M-A 109 195 .046 .89 .91 sO_

M-B 94 150 .041 .93 .94 06Q4,Q8-A
M-C 93 149 .041 .93 .94 06Q4,Q8-A,B
MB-2 99 152 .039 .94 95 2L " $

KT HAU SEM p. 65
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Structural Equation Model and Its Applications
IV PPA0"$0d
IV Confirmatory Factor
Analysis

(Run 2)

€Aa(€ca)
Kit-Tai Hau
om$ [0:-61—)021
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The Chinese University of Hong Kong
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PA G $Ud
Confirmatory Factor Analysis, CFA

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

S
()178:T© >: N,
402724 P
(i()AeBeCeDeE - oxzouas
(iii) 4 4e 3¢ 303Nl » woswumouns

(iv) 3508:Gd 3 b et 10 e

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

CORR.15.19.14 .02 1
CORR.17.15.20.01 42 1

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

Amos xx.x  Amos graphics

ggiz 22 :1; ;i .gg .zltg ié 37 . 21 .23 15 21 22 29 41 1 . S-tart programs Amos XX.X  view path
32.32.21.03.10.10 | END data.save outfle = diagrams  double-click *.amw
CORR.10.17.12.02.15.18.23 .13 1 ‘D:\AMOS\chap3CFA.sav'. .
CORR .14 .16 .15 .03 .14 .19 .18 .18 .37 * inSPSS analyze  Amos xx.X
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 KT HAU SEM p. 70
Menu O o i draw observed draw unobserved draw latent/add ind
— > 1% draw path draw covariance gdd unique variable
Drawing = = |figure caption list var in model list var in data set
area @ @ ™ ISelectone object elect all object déselectall objec  ts
7
C wew K duplicate objects nove objects ellase objects
@ O ﬁg change shape obj otate indicators reflect indicators
Toolbar DED ‘E; move parm. Values  feposition path diag to[ich up variabl e
it select data files analysis properties  cglculate estima tes
@ E cc path diag/clip bd  \iew text save current diag
o [ AT i= V’}g Object properties rag prop obj obj |preserve symmetries
8] 3 "
zoom in selectarea View a smaller area iew a larger  area
< )] i I i Il i [
/\ E:H Show entire page esize diag fit page  examine with a lou pe
Dlsplay ; A &= Bayesian multiple-gp analysis  Pfint selected graph
— -0 L
undo prev change ndo previous undo  specification sear @
area > Ca M d h: d i d ificati h
4 d 4 toolbar option oolbar option toplbar option
KT HAU SEM p. 71
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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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KT HAU SEM p. 81

e " mMoRIn (fixed, FI) O @p To see results: Click “view text” @p
-op-GEAUUE&"$ AKE'UYG2IEU 261n chapd_1_2_CFALamn ; —
0 B Analysis Summary A Z: 7 0 S TOEE:Q
L, N RN . L, . Notesfor G > | Eatmts (onpmember 1Dt mode
« _VE&C2 EU $B69KIn O0AceVE 3__Van_fble°r5£:zw et e et
. $7%uUYIG E+*rlIn 0A . Parameter summary :::m“.. :::::::..,.,,,,M.,..M,
—LO?UA'n" $,X zGE ) ! (Set metl’IC/SCa|E‘) b-Sample Moments Estmate SE. CR P Label
e "$"uY)!  (metric) E "©Aulk A E Nates for Model Zoa| e e
c 00U Y $XeA] (632 D VEIT T A g e
iU Y SXeAln 18 ) 5 Hodiclion dces = T Y
/,?\ IneA"© gflxecAi variance method) . Mrimizzfion Higtory B n e e e
« Off WEP $ EY¥2OpBO9KIn 1(éJ & Pairwise Parameter Comparis Mo e e g
a D ) E1T/A 1nB69K"© (fIXEd Ioading), asin 8- Modsl F ) ;iiﬁ :ggi )
Amos for CFA + Bxecution Time B
o " MY RA'N 7%+ (free,FR): YLO?U Au,X-D o e e o
KT HAU SEM p. 79 e v et e o
@ Variable Summary (Group number 1) :
Results R Your model contains the following variables (Group number 1) =
Analysis Summary Observed, endogenous variables
Date and Time X; 15 c
Date: 2009 £5° 62 o x16 e9
L . . x17 el0
Time: @ * 07:36:56 4 o1l
Title Chap 3 CFA X5 Unobserved, exogenous D
X6 variables el2
A el3
Notes for Group (Group number 1) x7 el el4
The model is recursive X8 e2 E
. X9 e3 el5
Sample size = 350 x10 e4 e16
x11 B el7
e5
x12 6
x13 e7
x14 e8

KT HAU SEM p. 82

&

i

Variable counts (Group number 1)
Number of variables in your model: 39

Number of observed variables: 17
Number of unobserved variables: 22
Number of exogenous variables: 22

Number of endogenous variables: 17

Weights Covariances Variances Means Intercepts Total

Fixed 22 0 0 0 0 22
Labeled 0 0 0 0 0 qQ
Unlabeled 12 10 22 0 0 44
Total 34 10 22 0 0 66

KT HAU SEM p. 83

&

ol

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. 84
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—D (parameter) Standarﬁfd Error SE @ Standardized Regression Weights: @
Maximum Likelihood Estimates -- Regression Weights: & Estimate &
L "8 S
Estimate SE. CR P x1 < A 592
T —Y 1,000 (T-value= — D/SE=.980/.145=6.764 k2 < A 580
x2 <oen A 980 145 6.764 X3 < A 621
X3 < A 1.050 150 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 7.457 e X7 < B 514
X7 <- B 794 115 6881 X8 < B 280
x8 <- B 436 126 3469 X9 < C 585
x9 <--- C 1.000 x10 < C 6147
Xx10 <= C 1.045 145 7.205 ]
Kl <  C 1098 152 7.229 o ooT o
¥2 <~ D 1.000 2 < D 621
x13 <= D 1057 132 8032  ** <13 <-- D 656
x14 P D 875 133 6557 x14 <-- D 543
X15 <= E 1.000 X15 < E 654
X16 < E 1100 127 8677 X16 <o E 714
x17 <--- E .844 119  7.087 rxx x17 < E 554
KT HAU SEM p. 85 KT HAU SEM p. 86
@ Correlations: (Group number 1 - Default model)@
Estimate SE. CR. P Estimate
A <> B 199 .040 4.934 *** A <->B 525
A <> C 139 .034 4.102 *** A <--> C 402
A <> D 187 039 4.798 *** A <> D 510
A <> E 163 .036 4.518 *** A <--> E 423
. *kk -
B <> C 198 .039 5.096 B <> C 5o
B <-> D 215 .041 5.276 *** B <> D 541
B <> E 208 042 4.895 ** '
C <> D 174 .036 4.833 B <>E 1496
C <> E 169 .037 4573 ** c <=>0D 481
D <> E 201  .041 4.845 C <=>E 442
D <> E 496
KTHAU SEM p. 87 KT HAU SEM p. 88

Variances: (Group number 1 - Default model) . .
[ | Estimate SE. CR. P Squared Multiple Correlations:
A 349 074 4725 = S Estimate
B 411 086 4796 17 308
c 342 072 4774w
D 384 075 5098 x16 518
E 427 077 5562 x15 A28
el 648 068 9585  w* x14 .295
e2 662  .068  9.808 x13 1430
e3 612 068 8949 X12 385
e4 994 075 13192  * b
e5 586 075 7.838 x11 419
e6 673 067 10034  ** x10 374
e7 738 068 10.831 x9 343
es 919 074 12398  ** x8 078
e9 .656 .066 9.942 rxx X7 260
e10 624 066  9.397  *x* 6 328
ell 585  .067 8736  ** ]
el2 613 065 9363 W x5 412
el3 568  .067 8508  *** x4 .003
el4 703 067 10512  * x3 .386
el5 .570 .063 9.112 i X2 336
e16 481 065  7.382  *xx 1 350
el?7 .693 .065 10.694 i KT HAU SEM p. 89 - KT HAU SEM p. 90
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Modification Indices -- Covariances:
M.l. Par Change|
el5 <-->el7 6.18 -.10
el0 <->el4 5.65 -.10
e9 <->el2 8.63 -.12
e8 <->D 6.57 .09
e8 <->B 16.58 -.14
e8 <->A 24.86 A7
e7 <-->el3 5.77 -.10
e7 <->e9 4.33 .09
e6 <->ell 8.19 A2
e6 <-->e7 5.92 -.10
e5 <-->e8 5.34 -.10
e5 <-->e7 5.86 .10
e3 <-->el6 5.61 .09
e2 <-->e8 10.38 .15
el <-->e8 10.40 .15

b,
== o =)

KT HAU SEM p. 91

Regression Weights: v

aAUAas a0 0i® ad ue B
AEGAARD D  GAVEE  AMRAA L e
iégﬁﬁﬁﬁiix gﬁ*ﬁ ApaFaximum Modification
REAAAARAE  CoUNE: ndex is 20.61 for
AEHAAAEAE
AGGAAAIMAL  GAAE
AQGAAAEAE  oMwaEEE
A A TAA ABEAE
ARAKAAIAA
AKAKAAZEAE

\A AR AR A

EERmmERmERRRRET

KT HAU SEM p. 92

Minimization History (Default model) :D}Z608Q3 | 0.56x (N-1)= chi
ml ff _ 0.56x349=194.57
lterat-| - -ve oo ition #  SMANESt i meter F_N Ratio sdt nPar = p x (p+1)/2
ion EV \4 Tries Ind—nPar=p
Oe 13 -.16 9999.00 1310.09 0 9999.04 Model NPAR CMI P CMIN/DE
Le 0 8344 215 39084 20 5 Default model 44 19457 109 .00 179
2e 0 28.83 67 308.08 5 -po Saturated model 153 .00 0
3e O 3591 80 21915 2 0o Independence model 17 1104.79 136 .00 812
4e O 70.96 .55 196.21 1 .p8
5e O 89.24 .16 194.60 1 D9 Model RMR GFI AGFI PGFI
6e 0 9232 02 19457 1 101 Default model .05 94 92 87
7e O 91.81 .00 194.57 1 1.00 Saturated model 00 1.00
Independence mode]l .19 .60 .55 .53
Oldest (LISREL) indexes:
RMR, GFI, AGFI, (SRMR)
KT HAU SEM p. 93 KT HAU SEM p. 94
- Lo—Hi= T
TLI= NNFQ | CFI=RNI CMin — df = 194.57 - 109 T e
Model 5 'TiF'l Eq 5 ﬁ\luz Eal Model INCP 09 .— hioo
eltal rhol Delta2 rho
Default model 82 78 91 89 91 gzzif;tgoﬂz'del 85'3(7) 50'3& 1288?
Saturated model 1.00 1.00 1.00 : ’ ’
Independence mode 00 00 00 00 ' Independence model | 968.79 866.55 107848
0.56 x (N-1) = CMin
0.56x349=194.57
Model PRATIO  PNFI \PCFI Model S~FEMIN FO LO 90 HI 90
Default model -80 .66 7B Default model 56 .25 14 37
Saturated model 00 .00 .00 Saturated model .00 .00 .00 .Q0
Independence model 1. .00 0 Independence model 3.17 278 2.48 3/09
1 PN
pRatio = df (hypo model)/df (null model) PCFI = pRatio x CFI
= (153 - 44) / (153-17) = 80x .91 Model RMSEA LO90 HI90 PCLOSE
=109/136 =0.801 =.73 Default model .05 .04 .06 .64
Independence model .14 .14 .15 .po
KT HAU SEM p. 95 KT HAU SEM p. 96
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Model AIC BCC BIC CAIC @‘ Completely Standardized Solution @
Default model 282.57 287.36 452.32 496{32. e
Saturated model 306.00 322.64 896.26 1049.26

Independence model 1138.79 1140.64 1204.37 122{.37

Model ECVI LO90 HI90 MECVI

Default model .81 71 .93 .82

Saturated model .88 .88 .88 .92

Independence model 3.26 297 3.58 3[27

Model HOELTER .05 HOELTER .01

Default model 242 263

Independence model 52 57

Minimization: .00

Miscellaneous: .13

Bootstrap: .00

Totak 13 KT HAU SEM p. 97 KT HAU Amos p. 98

48 p?-Gz o
» x4 UA,XB69Koading\d (0.05)E uJ?
“$XAlI70D AMI, modification index A
3 4P~ (0.00, 0.02, 0.00, 0.02 in B,C,D,E)
—4¢2 YE34&2J2 $
Q8 1B, XBO9K aP-A0.28 AE U AXMI
20.6 EA6N & 2 A
" $KE,I G \P- (0.40 7C0.54)
« 8 _30fitl'Q & (109)=194.57E

RMSEA U0.047, TLI = .89, CFI=.91 A
45" INLAY+a  EO+ Q4,Q8&9A

KT HAU SEM p. 99

s_Ar M, @

*+Q88—>%", W QO
[81 ©.49+”

. c?(94) =149.51"
RMSEA .041”
TLI .93" CFI
=.94 -

KT HAU SEM p. 100

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

2 2
LDCT (DN =DC (1) =14,p<.05

[

O . <Q' "

(
(

KT HAU SEM p. 101

6_AI7 M, 92

c? (93)= 148.61, RMSEA
.041, TLI = .93, CFI

=.94 -

Q8 UABGIK 54EUB

B69K -.08

" VEbP Q8haBal7

IG E aU)U As5aeE-

BOOK,ii" E *8A EY

Y

Ei ENI%&20p°

$

KT HAU SEM p. 102
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Al7 modification 146 _,X3U 0DI'EW

6 _ df ¢? RMSEANNFICFl @

M-A 109 195 .046 .89 .91 sO_

M-B 94 150 .041 .93 .94 06Q4,Q8-A
M-C 93 149 .041 .93 .94 06Q4,Q8-AB
MB-2 99 152 .039 .94 95 2L " $

KT HAU SEM p. 103

48X /38 _%JIh*U

Structural Equation Model and Its Applications
V BUi"©d _
V' multitrait-multimethod
(MTMM)

€Aa(€ca)
Kit-Tai Hau
om$ [0:-6+—)02f
Educational Psychology Dept,
The Chinese University of Hong Kong
49.Q%:=A O 285

KT HAU SEM p. 104

BUTO6 _ 92
multitrait-multimethod(MTMM)
* hl/j«"© (method) OSKSE-U E:*6 E
AE0e# PE ¢Nly
* h/i6N o (trait) OTE6G0 ESb T» ED:
6N 0 EAA [6N 0 E/¥ :-1AS
258: S %0 °Q LOIEf A5/j«"© x5/i6N o

« Udes "©0 0O, G(MBii,l G «"©
(CTCM, correlated-trait correlated-method)

KT HAU SEM p. 105

I FREFEHIEESHTHAERS

HEET FEET @
wE UEH) OE _BA BT @ AF S AW $L EE TE

flik. Fis o -
fhlids . Frin
k. ¥
hlik .
flik . =g
A FiE
w=AL Hw
g, A, FE
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

R
ERFR RS
R
Y Y

SRR
“

ESERE R
“

<

RN
“

i

KT HAU SEM p. 106

-

KT HAU SEM p. 107

MATRIX DATA variables=ROWTYPE_ x1 to x25. @
begin data. ot
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 .451.0

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 .47 .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
« AGTEIiCTCM&_J & / (non-converged) E@“ 1BUT'O 6_— “0" . Q(MBﬂ,i GMa f@”
i ExuTneA© Ein 13a& / correlated-trait correlated uniqueness (CTCU A
§5|mllarly flxednload‘mg at 1 converges to an « EWMTMM & _ AV7+© h7(MBGA /
improper solution) EA I n 29?1 (helps only TEW
in this specific case) ! u
e« 8_4& EB®%"1?2.1( Gl7n (positive
definite, proper) JAUEO E 1t0EA-8D
iterati ber)’
(iteration number)
1p. 111 KT HAU SEM p. 112

9

1.+ %+BOjh
- b(MBU"$
o ANK U5 A
NN « AE2AX

~ T (M|/\ - $
uniqueness(

. 3/A ARA |
g At A errorAi G
- + eg.,11A6A
e 11 A16 A21
T p-GE a
Op-0.X
DR UD
KTHAU 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

48 X +IR3_2Jh*u

Structural Equation Model and Its Applications

VI <0 _
VI Full model

€Aa(€ca)
Kit-Tai Hau
om$ [0:-6+ —)02f
Educational Psychology Dept,
The Chinese University of Hong Kong

49-Qo=A © 283
KT HAU SEM p. 115 KTHAU SEM p. 116
<0 (Fu ] model) f@ S MATRIX DATA variables=ROWTYPE_ y1 to y9 xL to 9. f@ S
X s ~ begin data.
* HCwx1,2,3) A*0No_(x4,5,6) A7% |(x7,8,9) V N 500 500 500 500 500 500 500 500 500 500
JEi:l (y1,y2,y3) AAO &# | (y4,5,6) "au 500 500 500 500 500 500 500 500

&AA®Y7,8,9)? N =500

« path factori factor"$X h , a643X2&
21D, A

+ residual (48 X+/BI_A ) "$XI_A  Ap>?.GZz
XFaNA <A A

KT HAU SEM p. 117

SD111111111111111111
COR1

COR .68 1

COR .60 .58 1

COR.01.10.07 1

COR .12.04.06 .29 1

COR .06 .06.01.35.241

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” Corr among residuals 4§ p’)Gi @

TN 2

82 ! -
Ach @ @ )t\erj/ﬁt—#\ch

€19 ) s
/!

{‘3 \
a0\
/ 14\\5,\ @/
) \ .
3 "/
3 / A /
€l 77
33 \E b I/ \/
3 \/
(4 Dilig) X
\\ o //\\ Pl T
@ g &3 YAV
AN / -
41 = 5/ N A,
\ /4 a\ @ e/ @
N /
675l 0 /// \ % Jlle—@) T 5?3:{// \E%@
L / /
b 7 68 NG ~
-} @ FassiopalyBle—@) @T@ F(gﬁ)
o o W@ @ NG

- ¢*(125)=292.51 " RMSEA=0.052 " TLI=0.90,
CFI=0.92 " 3UaJi

« interesting, Ml (Passion  ExAct) = 2.116 by Amos,
but should be 292.5 - 270.1 = 22.4 (by re-running
the programs and compare) " ,H Passion  ExAct
QLBlcoe}0d "E Passion, EXActT b &EI$ ; thus
do not change here

« #+8:%%SA M2"Q; Passion Confidence
(Ml = 17.10, Parm Change= .224) P 7+Q3 "Qt O U

a«:0"}o0 )(and must be meaningful substantially) —
¢ ¥eOPebPIb=Y:7:0 -tz,WI$Om

path(ExAct ~ Ach) = 0.011 ° SE =0.052, t = 0.214)

1 KE[ "ADP9%EQw :0 —< SA M2 1ExAct

AchPsH 0"E«SA M3-—

KT HAU SEM p. 122

e =

s rt7%+ —D free parameter A6 _-4a
AE & _,X 5e¢ chi-squareT£4 x£4&
7%+ —DAB_-1T) AEG6_X 5eir
tA
* Vp rt7%+ -Da&a E5+ M2 + £& E
AE art7%+ —D Kk XA
* Vp £47%+ -D& E5+uY + rt E
AEAf£a7¥%+ —D A& XA

element | B8 A’ n «"©

loading (@) L, 'S, W 18X>%I$
01:p7+Q3

(b)E4 UPsQO[ U,

es:, W ,<é7+8:Q0

[PsH U1

Factor corr: |(@2z8'a0 H :,Wu
TEI$1ice ,b7+Q3

;axc;genous (b)8'40 *H :

actors 8 TneA'© i
in 1"
8% TnBO9K'© i :
7%+ Au

Factor corr: [(8)z8'a0 «H (cov):,
endogenous | W<frufEl$1ice

factors 7 +,QS
(b)8°40 «H (var):p7
KT HAU SEM p. 123 _Q3 KT HAU SEM p. 124
08 A’ n setting *» ~ ﬁ@g
[ ]
element ["© i 48 X ¢/ 6 _,X48 X ﬂ
e #GEOD _ )

Item (a)8* 40 diagonal 1 » (measurement model)
uniqueness H: P 7+Q3 X= , +

(b) zZ8° 40 non- = +

diagonal1<H : P
sH U?20™¢qy

gc9 ,rRIT® 1
8'K EI$ ,QweHP
7+Q3
directional | “$i1"$Y h effect
path X—=D 7%+ Au

KT HAU SEM p. 125

X—"8$d 00 exogenous
AV6ENM/4£ U UA
Y — v*6 0 U endogenous
AV OAA A D AA a4vA
x vy — T RATHE (loading)
—AA ANM
(unigueness, measurement
errors)
+ 48 X 0 _ (structural model)
= + +

KT HAU SEM p. 126
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48X /38 _%JIh*U

Structural Equation Model and Its Applications

VIl 7 THA 6 ¥
VII High-order Factor Analysis

€Aa(€ca)
Kit-Tai Hau
om$ [0:-6+ —)02f
Educational Psychology Dept,
The Chinese University of Hong Kong
49.Q%:=A O 285

KT HAU SEM p. 127

7 THA 6 % 9
(high-order factor analysis)

A OL first-order6N o  $VY,1G  ELO AuX-D
\T A5pOL "$E EEY10p $KEIG A
AYODpBF6NOo A'L secondorderA”$ E
EigOL6No $,X><), A10piG + 5p
— D parameter A°'L “$a0L ~$,X G2I A
O0- A

e L $5™EWIQ E7%+ zdf3rt E %?U
rtX5¢a4 +" G nonsignificant E ¢ & _
170 Oparsimony E A AEY % °L 6 _ second-
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 .34 1 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
CORR.17.15.20 01 42 1 cosg ég -ig 12 'f)i 2(5) 14 21.17 .21
CORR.20.13.12 .00 .40 .21 1 1 93 15 21 22 29 41 1
CORR.32.32.21.03.10.10.07 1 )

END data.save outfile =

CORR.10.17 .12 .02.15.18 .23 .13 1 ‘DAAMOS\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
KT HAU SEM p. 130

1AU SEM p. 131

?-Gz48 p 2.
+ MB-20rd8V,(b pdfE G7E,(ja EJ2UD index
3U fitEW Q
« 'L %$a0L "$G2i
(.66, .66, .66, .75, .66 A
. §1UO|_ “$KE,I G\ E'uYTloy 'L “$XLO

AGA2iD A\

¢« '6_%Y 3pOL "$E AEY3piG AE"
L $uD:P1 ab equivalentOL “$6 _

e ‘3UUD fitindexj6HpO6_,X3UIRz EO
L $6 _2UYEWQX3UUD Al $3aX0O
L6 AvO3%xnyaespOL $ AE 08 OL
a’'L3uUUD,JJA4Q EL’ U non-
differentiating

KT HAU SEM p. 132
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MATRIX DATA variablessSROWTYPE_ x1 to x25. @
= N , begin data.
°0Op°L N 500 500 500 500 500 500 500 500 500 500
$6 $ 500 500 500 500 500 500 500 500 500 500
—-— 500 500 500 500 500
SD1111111111111111111111111
258:T@ Qe+ ®+ COR 1.0
3 COR .40 1.0
@ GdAIQ. *8e COR .44 43 1.0
pitah: as COR .39 .41 .43 1.0
COR .44 .38 .44 .45 1.0
COR .50 .21 .18.19 .19 1.00
57 COR .19 .48 .22.23 .18 .45 1.0
E@H@% 5 COR .20 .21 .53.18 .23 .42 .43 1.0
TS50 — 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
«25~k23s Y E COR .24 52 .19.23.19 .22 .48 .18 .19 .18 .45 1.0
E’—‘@%ﬁfv COR .22 .22 52 .22 .18.19 .23 51.17 .22 .39 .43 1.0
S K1 HAU SEM p. 133 COR.23.18 .22 .49 .17 .24 .17 24 .47 .18 41 .44 4310  KTHAUSEMp.134
@ € 55 @A)
i e
COR .18 .22 .23.19 .48 .25 .21 .19 .22 .53 .44 .39 .42 .41 1.0 P & D)
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 e _
66— +x6h 04(6B)
COR .23 .22 .48 .22 .19 .23 .23 .53 .23 .22 .24 22 .47 .22 .19 .45 .39 1.0 T—ETN T
COR .19 .23 .23.53 .22 .24 .19 .24 53.19 .21 .24 .23 .48 .23 .42 .46 .45 1.0 68—~GE Y 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-l-ord: =464, df = 265" RMSEA = .039,
TLI=.914, CFl = .924 ; 58:,W pT 1 EI$ O
@ .418 50pT —

e M-2-ord: 2UizQ7E,la E =465, df = 270,
RMSEA = .038, TLI =.918, CFI = .926 A Y1T4z
parsimonysi E&Ah?2'L &_  2-order
factor model A°L 0L ~$G2(3\ A2nd
order factor 1t order factor
=.70, .64, .69, .64, .66)

KT HAU SEM p. 137 KT HAU SEM p. 138
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(o)

8 U
« OL "$KE aa°*AE,G

"‘L’$6_ 0

‘L A0L “$KECAX :¢& +°
L7¢OL

‘L alL “$BCAX ,4A2 3
6pin 1(TnB69K"©)
[3’4'?$3pé1l3 OL"$ ,aaXe
YEURL&_  E?USx<¥

— L 7%+ zEWIhOL 8_ 0

- L&_EWIhOL &_ 1T)
(parsimonious)

- LX c2EWOL 0

- 81L& _1TéMT E c2rt
a7 (6_30JeauGi AEif
ua'L§_

@LISREL A'nP-L “$ A

- L s x,0L "$*u h><

48 X +IR3_2Jh*u

Structural Equation Model and Its Applications
VI )4f 66 _
VIl simplex model

€Aa(€ca)
Kit-Tai Hau
om$ [0:-6+ —)02f
Educational Psychology Dept,
The Chinese University of Hong Kong

. . 49:Q%0=A O 283
— 'LalbL "$*u h >< KT HAU SEM p. 139 KT HAU SEM p. 140
4f 6 & ; | del e Simplex correlation matrix f@u
)4f 6 06 _ (simplex model)
KT HAU SEM p. 141 KT HAU SEM p. 142
g MATRIX DATA variables=ROWTYPE_ y1 to y15. g
@ begin data. @

3)4f 66 _ (quasi-simplex)

KT HAU SEM p. 143

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'.

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

i)afes)afeo_ , 0853?20
HoOXx)af _6_ ,0j spU0 XAAA-A E&
ALO LEe1
T00 x3)f66_ , YONAAA<AA 7%+ Au

“UAAAG «£EACY:Hlalh:#AAAXIGE  EE-
0lGh 17 (positive) ! U)U
tZAAAIG ,84X 7%+ z£4

KT HAU SEM p. 149

48 X +IR3_2Jh*U

Structural Equation Model and Its Applications
IX 14~ SEMUd
IX Multiple-group SEM

€Aa(€ca)
Kit-Tai Hau
om$ [0:-6+—)02f
Educational Psychology Dept,
The Chinese University of Hong Kong
49.Q%:=A O 285

KT HAU SEM p. 150
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14~ SEMUd
(multiple-group SEM)
« 10204 PA-0"$Ud  multiple-group CFA
AeCA XU dpath analyses A
- @4 A_V+ AG4 AX $48X factor
structure 0,la UwnoCAXpath—-D
parameter/coefficient i aa,X4™ aY +A
Osignificant difference U( &I"EW 14”2 &2I D
regression coefficients in multiple group U
,1a20 )
¢+ 1°20:@4°X"$  ala (Multiple-group
Mean Structure Analysis) AE-& 064« AUd
ANOVA,l  (ET LO?U .1 O20Ud )

KT HAU SEM p. 151

P A0 $0d
multiple-group CFA
1. nK> (E u ° configural/pattern invariance +
2. ,WQO [ factor loading LX U u invariance
3. Qe+ ++ uniqueness TD U uinvariance

4. ,W* e+ factor variance, diagonal of PH
U uinvariance

5. ,W8C + « factor covariance PH U u
invariance

KT HAU SEM p. 152

d4-2 «OU:QSuo,W¥% ézSA1D} @
Model df chi-2 RMSEA TLI CFI
MO,M E 39¢;f+Q3 24 49.57 .042 .966 .977
MO,F V 39¢;f+Q3 24 4493 .035 .974 .982
M190O u9-+Q3,nolnv 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 Lde FacCove UInv 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.

N 600 600 600 600 600 600 600 600 600

SD 1.071.230.981.021.01 1.03 0.99 1.06 0.98
MEAN 2.01 2.45 2.67 3.21 3.33 3.452.67 2.192.34
COR1

CORO0.68 1

COR0.60 0.581

COR0.05 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

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.
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

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

© 2
1

2

KT HAU SEM p. 156
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KT HAU SEM p. 163

40d O 48X6_
Multiple-group Mean Structure Analysis
« da4y’$ auv +AO ( 48X8_ ,mean
structure models)
« Oj LO.Bn @4 X B69Koading,ia invariance
— Eai “$#+Al1 a factorcovariance, AA A+ Al
aL'r),
« U 0 pCxindicator interceptTX1 a
- cQ;#10 1Taub7
—?U"J¥4"y Taudal 147 X,11
-'$ 1a factor mean equivalence
- Anl 1493$ 0 (Kappa)
— «AE J24" X Kappa 2067%+ Au
- '$ >24SEAtU20A,i"$4aabi 14~

KT HAU SEM p. 164

KT HAU SEM p. 165

KT HAU SEM p. 166

KT HAU SEM p. 167

KT HAU SEM p. 168
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« 48p /
-1 247(G),XKA 26 AGAA[ AD: ASAAA
mean A 0.019, -0.102 " 0.083
— ih,X SE 0.054,0.041, 0.036
—t-  0.352 A-2.470 A2.331

—E-></ :
e AA[7¥%p--+ ( 0) G( 0.019)°
A O (t=0.352, n.s.)
o +*§ A 0AXD:7%pP-b G*6 A

U -0.102,t=2.470 A
o G*0,X8AAATY: A U 0.083 A iP- b+
*6 A 0,t=2.331A

KT HAU SEM p. 169

4 "EW,X B ¢
USEMY 'EWi4" X" $ , 08 qREA6c E
FNMtbP 5E:
e P4 °$a00X ¢2G2i (60)1a
« @4 $ Bo9Kloading),l a
o @4 $KE |G (#+A ) (variance/covariance),
a

o« @4 UUAAAMQ) <A (uniqueness),i a
« @400 pCxTau),ia
. P4 $ Ja (Kappa)

KT HAU SEM p. 170

4TEW" s

« (1”11 a5EE ,ptla S5E,5_EW

a4 (dfEwa
« tZ1 a 5E,6_ EWIT parsimonious
(dfFEW (1
« pt 1a 5E ,c2EW&3UEWOQ
«tla 5E ,c2EW{E3UEWA)
- tla 5E ,86_1TeMi , 30
i% EO,Jé ,il1a a0y z0U
«tla 5E 85_1Teéat , 33U

j0GjJe ,i@4 Jal a (1 aa&ovy )

KT HAU SEM p. 171

14"I"EWA' n «"©

13" 104 Jw4™y "1 (1E4TA(H
proper & ...)
_01a q P (apriori)d | q P &_ , Au |!£473018C good fit
_,Au@-D D7¥+ —D
(parameter)
Load U u Au B7¥+ Loading invariant | 201 fit" 0GjJé
Loading
var/covar Au @7+ var/covar sUI fit uGjJe
Ou var/covar invariant
uniqueness | Au @7¥+ uniqueness s0i fit" uGjJe
Ou uniqueness invariant
intercept 7%+ Auintercept |intercept s0i fit" uGjJe
Ou invariant
Factor fixed at zero freely estimated | !1£4” mean a1 04~
mean Uu (é24” )" +AO

significant difference
KT HAU SEM p. 172

48 X IR 3 _2Jh*u

Structural Equation Model and Its Applications
X ¢NI: 48 X +/R10°
U d!9Px
X Issues: Model
Specification and analyses

€Aa(€ca)
Kit-Tai Hau
om$ [0:-6+ —)02f
Educational Psychology Dept,
The Chinese University of Hong Kong
49.Q%:=A O 285

KT HAU SEM p. 173

GNI: 48 X «/R16 " U d!9Px
Model Specification and analyses
A.P'Ae3_a{*66_ Confirmatory, Model

generation
o 4f2+P A« Astrictly confirmatory ” SC A
e« —A %YOpE_
+ E20Ud&7 E'AZy«E- 14+ Ejai
Y E G, XEY %

+ EY %6 _Aalternative models” AM A
. ¢20Xiw EfnFwps_O Aa
. ,éAi .0 0EO, A Ea MG20,X
ud

KT HAU SEM p. 174
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« {*66_ Amodel generating” MG)
. al Opeéip 1 6_
- Tb)UAZéDB ERI6_ 3050
G, XF¥aN
- A 6_ EEE>a0él? E”
LAI7 8 _  model respecification, X

sURz EAXUb{6OpOGS

KT HAU SEM p. 175

B. 48 X +/R U d!9Px
« SAi” ° model specification +, 0 n
o 7—# -GEA%0 -GEA ' $ AXG2I
s @%0-GEKEX,fG2l AUn%o0 $KEY
JG&Ey h direct effect A
e Ua ,Xb EA1$ constrain “ $B6
9I<load|nge $IG2I D1 -DXD éG
2IA_V E2p $KE,|G2ID correlationl
b0.3x2p $B69K ™NO,I1 A
. SA:D} (model fitting)
V] Ei*i 0/06_-D,)X Au (versus 2&U
dEEi *0 O&’ ,"©3Uo E,l h
X-D Au/A 04", Au )

KT HAU SEM p. 176

C. SAQV” ° model assessment +

— 48 X +/R,X ?-solution GEO' proper E Au U
|/ E@-D Au_ GuU)USxEY A VE
JG2iDu +1aE1 Y A

- —-DANXA'5_XG2l aU)0 A" DBU
dA6NI),,OoNX01eX4§p E @-Da+

ah1),00fl-0 EaP AY 0Gjt
0U,X).B5
c2 —”’?éipaaZO X H'3UUD EV
\ NNFI/TLI ACFI ARMSEA " c21

- JEWI $X4& 6 E'AZ 16+80
s pCAXATnWA 0AETHPS_3U
Ejad

—h' "UEQOpPHGEDS _ measurement
model

KT HAU SEM p. 177 KT HAU SEM p. 178
« D.&_A!7 Amodel modification A -D Au"3UND

- qB)UAZeYG A Eol OpeéeDpUUXP 6
_ apriori model
- "1960-GE A"$ AaUU ANILA AKEX G2iE oY
# GE 0 _ measurement model
— A6Nr 6 eGj4"NILA

-8*1 a0 DB <A7TGi4#GES_ Ea":,d
X30U0D EE- U yE¥v260720U0d .
Aexploratory factor analysis EEFA AE k3UUD E
4CTAEADB OéPAd
— Al~cH#aE~ E'EO% 1y 2p’ $X6_ E.BOY
#GEOD F%UXU)UaEOa'U Y $UJaNx

AXPTE_ EOOp
- £06__E":0SAA At AUsel_A std

residuals A A!7 U D Modification index MIA—D 61
- expected change Az@/i300D fitindex E

BISA Gj al9Px A
—E-OAéXO__‘ unop DBA 534 EO
*U° O p(AOY E xf.Bn cross-validate

KT HAU SEM p. 179

Parameter Estimation and Fit Function

« AU ROo0-D parameter Sk a*¢/Ld yimplied/
reproduced #+ A5l ()& #e AL S

ACt Oa

« 30 E&F"3 U N D fit function

« i*UND E-D Au A6Naa
— " IEf  (IV, instrumental variable) ™
-9TBDE[2 ( TSLS, two-stage least squares) ™
—8paL E[2 (ULS, unweighted least squares) ™
— EUy¥ (ML, maximum likelihood) ™

—8L8<E[2 (GLS, generalized least squares) ™
— +salL E[2 (WLS, generally weighted least sq)
-8 4aL E[2 (DWLS, diagonally weighted least sq)

KT HAU SEM p. 180
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Structural Equation Model and Its Applications

X1 ¢NI: #] 2 D B,XKANI
Xl Issues on data

€Aa(€ca)
Kit-Tai Hau
om$ [0:-61—)021
Educational Psychology Dept,
The Chinese University of Hong Kong
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KT HAU SEM p. 181

¢NI : #] Z D B,XKANI
issues on data
. *GE Sample Size
- :UauQ
—I£p"$P ITAAU'NI ENXA©O#}6+ O04aQXNI
A

- OalEp $hY 3peEIXNLA
« DB20 _Data Type

— 4+ 0F%NUdib , @EP APearsonAIG (@ 1! /
1 C+D Binterval/ratio data)

— 97%1 4{ ANN cAGE><Aordinal scale AE *i INM
Apolyserial A1 G2ID E J a#aE¥ « Al
(asymptotical covariance matrix EACM) U*i E* WLS
"©3U6_ ELS8MAN\G ENqéLO?UNRCM-%L 140
n

KT HAU SEM p. 182

« AUh*t,iG-%L 0Ud U
—SEMIioOYUu+A #+AUdP
—*0,1G-%L EQGTD ™ % R!7.B
— Uo0% RJA7.B (?+Cudeck, 1989 ):

l$ "$A  1EAEL$ =aUU0X'$
B69K a1 bLE

«+a0h'$ EL$ JoperpbUUX'$
BO9KE 41 bLE

«a0p $XeperbUU EL$ J°$
BO9K,i a

«lu,W198:"PB L, "0+1, WQO
[Eu

+ 1+98:"DB8U3BeI£Ff1Qe+ EU

KT HAU SEM p. 183

¢NI:#]26_30 fitting ,XKANI
«  N+9# GEAA Measurement error é7E,XJiAA
— «A A-OGEAvariance
e x~OGHarUX ~OGECA AAA - OGE

« L8M2Qvar 1 bLE E 64343AuP- Z -G£,X,0
17 - OGE

—,1 G correlation *2& —D regression coefficient
g =g (varx)/var(x))

_ 2
rxh - rxy (rxxryy)]/

r,, = 05/ (07°)* = 071

KT HAU SEM p. 184

) U U%0 -~G£(single indicator)
— 46N a E Au loading auniqueness
— [1G-%L  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

KT HAU SEM p. 185

« AA A]l Gcorrelated uniqueness
- % U(M"A'Au (G &# GEmulti-wave panel) E &
AEAAATG
— 108-80J EEl A4-AEAAAALIG

KT HAU SEM p. 186
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o * 2U5x<%1 a8 _ equivalent models U
~1a pDX-D AtAE*i4a4 U [OAET
aao_ E5aJ a*o#e-A-%L E'<la
~ 6'AtAEEa PDX-D AtA{* ipa
DBY,a°URz A 48XAaXd

KT HAU SEM p. 187

« 48X /B UPA*-GEKE, X p G2I
relationsU
"U 9AE EM24£A'Au*iivA| -GEKE p h
X-€0J EFN 46NA+ & ~GEKE_ 0,017, U p
G2IA)¢1 a6_ EA4EAr 1300D
Ja E -GEKE hliX_$
"Y*UM2rPA'Au QRQ H[SHULPHQWDO
V] G>*i4%dBngitudinalé0J D B E!£ b -GE7C
&2UY B#GEA El% tPA'Au A
V] S*ii Tp U U multiple indicatort |1k%0 -G£
V] ?2U60JK-><0 ES48pKYrBia
“BFIQ
V]5x<% &aad_,Xa E5x<% 0 UAAANM,IG
Xa

causal

KT HAU SEM p. 188

« Up JiAAXP-L “$ (higher-order factor)

- a40nA* UDp '$UJ EJTEP-L’$
X G2

- _:*0X 0 (AAUJ)V)E;| *644%: ><),
(8AU0J)

KT HAU SEM p. 189
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