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attitude

Figure 1.1: AZ 31 A}5l= 42 B3

1.3 dlolE A
o 3} o] E: ch-9-exl.sav

> setwd("/home/jhshin/Documents/DaumCloud/Organizations/aSILS/E ~1StS 3t/AMOS/ °l SH41. ol =1 &,
> getwd ()

[1] "/home/jhshin/Documents/DaumCloud/Organizations/aSILS/ % ~S F/AMOS/ °l =4 . 2 = & /Datz

> dir()
[1] "ch10.ex1" "ch10.ex1.ko.RData" "ch10.ex1.RData"
[4] "ch-10-ex1.sav" "ch-14-ex1.sav" "ch-14-ex2.sav"
[7] "ch-14-ex3.sav" "ch-14-ex4.sav" "ch15.ex1"
[10] "ch15.ex1.RData" "ch-15-ex1.sav" "ch15.ex2"
[13] "ch-15-ex2.sav" "ch-15-ex3.sav" "ch-7-ex1.sav"
[16] "ch-9-ex1.sav" "ch-9-ex2.sav" "HighBK.sav"
[19] "lavaandamos" "lavaan4amos_test" "lavaan.pdf"
[22] "LowBK.sav" "Rplots.pdf"

> library(Hmisc)
> ch9.ex1 <- spss.get(file="ch-9-ex1.sav")
> str(ch9.ex1)

'data.frame': 8 obs. of b5 variables:
$ attitude: int 23344445
$ loyalty : int 23344545
$ price : int 44332211
$ quality : int 23233435
$ design : int 23425324



> ch9.ex1

attitude loyalty price quality design
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Chapter 2

103 33249 ey B}

2.1 10.1 /18 AR Q0le] A E glg}A =

> ch10.ex1 <- spss.get(file="ch-10-exl.sav")
> str(ch10.ex1)

oft

7

'data.frame': 208 obs. of 15 variables:
$ Chlactl : int 1 23331-21-23 ...

EEEREREEES SANMS U
A=A 370 000E A== 7 At Vo oln x| 9} A XSt}
2 AR & 470 L= 000 HAEE Fufste Ao gidte] of-23F o] A bt
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T = 370 U= theoll ### A<= Fulgcd, 000EAHEE .
Table 2.1: A 8.1] SA M (ol|Al)



$ CAact2 : int 1 22331-11-23.
$ Chact3 : int 012321-21-22.
$ Chact4d : int 0223 21-11-23.
$ congrul: int 3545440314 .

$ congru2: int 2445442314

$ congru3: int 2435441313 ...
$ BAp1 :int 233321-23-22.
$ BAp2 :int 233321-33-32.
$ BAp3 :int 232321-23-11.
$ BAp4 :int 333321-23-23.
$ pit :int 4566540325

$ pi2 :int 1566540315 .

$ pi3 :int 4456540315 .

$ bk :int 2556535313.

> ch10.ex1.ko <- ch10.ex1
> names(ch10.ex1.ko) <- c("2 ™| =[= 1", "4 ¥ X =|=2v, na WS, va H A zgr, v
> str(ch10.ex1.ko)

'data.frame': 208 obs. of 15 variables:
$ 2% *=i=1: int 123331-21-23...
$ 2% *=f=2: int 122331-11-23 ...
$ 2% *=f=3: int 012321-21-22 ..,
$ 2% *={=4: int 022321-11-23

$ A A1 :int 3545440314

$ 2AF A2 :int 2445442314

$ 243 :int 2435441313 ...
$ ==H==f=1: int 233321-23-22.
$ = =H==f=22: int 233321-33-32.
$ =SH==f=3: int 232321-23-11.
$ =H==f=4: int 333321-23-23.
$ F°HIY=1 :int 4566540325

$ +°H1Y=2 :int 1566540315 .

$ +°1Y=3 :int 4456540315 .

$ bk :int 2556535313,

22 AA FALA hE ZHEY B 37



Chapter 3
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Chapter 5

CERR

5.1 XA to]g]Al ch9.exl

> str(ch9.ex1)

'data.frame': 8 obs. of b5 variables:
$ attitude: int 23344445
$ loyalty : int 23344545
$ price : int 44332211
$ quality : int 23233435
$ design : int 23425324

> ch9.ex1

attitude loyalty price quality design

1 2 2 4 2 2

2 3 3 4 3 3

3 3 3 3 2 4

4 4 4 3 3 2

5 4 4 2 3 5

6 4 5 2 4 3

7 4 4 1 3 2

8 5 5 1 5 4

52 ®4

> library(lavaan)

> path.model <- '

+ # regressions

+ attitude " price + quality + design
+ loyalty ~ attitude

10



# residual covariances
price "7 quality
price "7 design

quality "7 design
!

V o+ o+ o+ o+ o+

path.example <- lavaan(path.model, data=ch9.ex1, auto.var=TRUE, auto.fix.first=TRUE, auto.

5.2.1 summary()

> summary (path.example)

lavaan (0.5-9) converged normally after 41 iterations

Number of observations 8
Estimator ML
Minimum Function Chi-square 1.718
Degrees of freedom 3
P-value 0.633

Parameter estimates:

Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl)

Regressions:
attitude ~
price -0.382 0.133 -2.869 0.004
quality 0.459 0.159 2.883 0.004
design 0.063 0.109 0.579 0.562
loyalty ~
attitude 1.064 0.135 7.906 0.000
Covariances:
price ~7
quality -0.688 0.440 -1.563 0.118
design -0.312 0.431 -0.725 0.468
quality =7
design 0.234 0.355 0.660 0.509
Variances:
attitude 0.097 0.048
loyalty 0.106 0.053
price 1.250 0.625

11



quality 0.859 0.430
design 1.109 0.555

5.2.2 summary(fit.measures=TRUE)

> summary(path.example, fit.measures=TRUE)

lavaan (0.5-9) converged normally after 41 iterations

Number of observations 8
Estimator ML
Minimum Function Chi-square 1.718
Degrees of freedom 3
P-value 0.633

Chi-square test baseline model:

Minimum Function Chi-square 40.609
Degrees of freedom 10
P-value 0.000

Full model versus baseline model:

Comparative Fit Index (CFI) 1.000
Tucker-Lewis Index (TLI) 1.140

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -36.520
Loglikelihood unrestricted model (H1) -35.662
Number of free parameters 12
Akaike (AIC) 97.041
Bayesian (BIC) 97.994
Sample-size adjusted Bayesian (BIC) 62.535

Root Mean Square Error of Approximation:

RMSEA 0.000
90 Percent Confidence Interval 0.000 0.481
P-value RMSEA <= 0.05 0.641

Standardized Root Mean Square Residual:

12



SRMR 0.021
Parameter estimates:

Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl)

Regressions:
attitude ~
price -0.382 0.133 -2.869 0.004
quality 0.459 0.159 2.883 0.004
design 0.063 0.109 0.579 0.562
loyalty ~
attitude 1.064 0.135 7.906 0.000
Covariances:
price 77
quality -0.688 0.440 -1.563 0.118
design -0.312 0.431 -0.725 0.468
quality ~~
design 0.234 0.355 0.660 0.509
Variances:
attitude 0.097 0.048
loyalty 0.106 0.053
price 1.250 0.625
quality 0.859 0.430
design 1.109 0.555

5.2.3 summary(standardized=TRUE)

> summary(path.example, standardized=TRUE)

lavaan (0.5-9) converged normally after 41 iterations

Number of observations 8
Estimator ML
Minimum Function Chi-square 1.718
Degrees of freedom 3
P-value 0.633

Parameter estimates:

13



Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl) Std.lv Std.all

Regressions:
attitude ~
price -0.382 0.133 -2.869 0.004 -0.382 -0.498
quality 0.459 0.159 2.883 0.004 0.459 0.497
design 0.063 0.109 0.579 0.562 0.063 0.078
loyalty ~
attitude 1.064 0.135 7.906 0.000 1.064 0.942
Covariances:
price 7
quality -0.688 0.440 -1.563 0.118 -0.688 -0.663
design -0.312 0.431 -0.725 0.468 -0.312 -0.265
quality ~~
design 0.234 0.355 0.660 0.509 0.234 0.240
Variances:
attitude 0.097 0.048 0.097 0.132
loyalty 0.106 0.053 0.106 0.113
price 1.250 0.625 1.250 1.000
quality 0.859 0.430 0.859 1.000
design 1.109 0.555 1.109 1.000

5.2.4 7ZZ = (path diagram)
5.2.4.1 GraphvizE o] &3 3 AASF 3!

3
5.2.4.2 GraphvizZ o] &3 Z 24 332

2

5.2.4.3 qgraphg o] &3 &3 A4

kil
:

> library(qgraph)
> qgraph.lavaan(path.example,layout="spring",vsize.man=12,vsize.lat=12, filetype="",include-

Lecho ”digraph G { > price->attitude [label =7-0.382”] ; > quality->attitude [label =
70.459”]; > design->attitude [label = 70.063”]; > attitude->loyalty [label = 71.064”]}” | dot
-Tpng >ch9.ex1.label.png

2echo “digraph G { price->attitude [label ="-0.382"] ; quality->attitude [label
= 70.459”]; design->attitude [label = 70.063”]; attitude->loyalty [label = ”1.064"];
price”:e->"quality”:e[dir="both”|[label="-0.637"]; “price”:e->"design”:e[dir="both”][label="-
0.2417); ”quality”:e->"design”:e[dir="both”][label="0.221"] }” | dot -Tpng >ch9.ex1.labell.png

14
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6.1 YA LI (Cronbach’s a)

> library(Rcmdr)
> data(ch10.ex1.ko)
> reliability(cov(ch10.exl.ko[,c ("2l X &1", "2l *] &2","2 *] §3")], use="complete.obs"))

Alpha reliability = 0.8925
Standardized alpha = 0.8926

Reliability deleting each item in turn:
Alpha Std.Alpha r(item, total)

2 *| 41 0.8694 0.8698 0.7625
2 *| 42 0.8398 0.8398 0.7975
2l *| 43 0.8306 0.8311 0.8079

> reliability(cov(ch10.ex1.ko[,c("F "= 1","3 "/ =2", "2 °f={53")], use="complete.obs"),

Alpha reliability = 0.93
Standardized alpha = 0.9316

Reliability deleting each item in turn:
Alpha Std.Alpha r(item, total)

T "™ =1 0.9003 0.9024 0.8555
T =™ =2 0.8769 0.8797 0.8845
T °i=2=3 0.9195 0.9196 0.8356

> reliability(cov(ch10.exl.ko[,c("& S|~ Sz 1","& 9] F Sz 2" & S| JfSPE 3" "4 B JfSfjz4M)],

Alpha reliability = 0.9176
Standardized alpha = 0.9176

Reliability deleting each item in turn:

17



Alpha Std.Alpha r(item, total)

4 ¥ *=i=1 0.8901 0.8900 0.8193
2 ¥ *T=l=2 0.8946 0.8947 0.8064
2 | *F==3 0.8938 0.8941 0.8084
2 °|*F==4 0.8938 0.8937 0.8087

> reliability(cov(ch10.exl.ko[,c ("2 EHE Sz 1", "2 EH=E Sz 2n "= =HE Sz 3" "2 BHE Sz 4M)],

Alpha reliability = 0.8147
Standardized alpha = 0.884

Reliability deleting each item in turn:
Alpha Std.Alpha r(item, total)

sehe =iz 0.7323  0.8191 0.7724
s ehe =j£2 0.7275  0.8195 0.7730
s ehe =§=3 0.7283  0.8205 0.7732
= eHe =§=4 0.9300  0.9302 0.5290
6.2 &2eAH QEAH(confirmatory factor analy-

wn
o @
0
\./r

6.2.1 7¥gd

> cfa.kol <- 'S XL =~ SAF N1 + SAF L2 + 2A X453
> cfa.model.kol <- cfa(cfa.kol, data=ch10.ex1.ko)
> summary (cfa.model.kol)

lavaan (0.5-9) converged normally after 26 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 0.000
Degrees of freedom 0
P-value 1.000

Parameter estimates:

Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl)
Latent variables:

oAy =

2 §1 1.000

18



=l e 1.114 0.079 14.113 0.000

2= 43 1.087 0.076 14.274 0.000
Variances:

A H1 0.627 0.082

A+ 42 0.507 0.084

oA * &3 0.413 0.076

=L B 1.265 0.183
> cfa.ko2 <- 'Z°f8x =~ 2 =1 + =2 + F °HY T3

> cfa.model.ko2 <- cfa(cfa.ko2, data=ch10.ex1.ko)
> summary (cfa.model.ko2)

lavaan (0.5-9) converged normally after 24 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 0.000
Degrees of freedom 0
P-value 0.000

Parameter estimates:

Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl)
Latent variables:

3oH9 s ="
TFeig =1 1.000
FeIY =2 1.062 0.050 21.164 0.000
T eI =3 1.076 0.059 18.386 0.000
Variances:
eI =1 0.395 0.059
T eI =2 0.237 0.055
T eI =3 0.633 0.081
T e = 1.719 0.208

Bk H A lavaanol A 2 W4 A gl thA A SHF ol 'Fuje 2roeke I
A= A etA A A E, B R e WeE A g ehA Zeih

cfad <- A8 A E =7 28| A EL + A8 A E2 + 28R ES + &
H| AL =4

cfad <- 'BHHEITHE =~ HATEE] + HATE|E2 + HATE|E3 + B
EIR=R=I A=V L

19



6.2.2 =3tnd

data(ch10.ex1)

cfa.total <- '

# latent variables

congru =" congrul + congru2 + congru3

pi =" pil + pi2 + pi3

CAact =" CAactl + CAact2 + CAact3 + CAact4

BAp =" BApl + BAp2 + BAp3 + BAp4

# covariance among latent variables

congru” "pi

congru”~~CAact

congru”"BAp

pi~"CAact

pi~"BAp

CAact”™"BAp

#AMOS = likelihood="wishart"& 7|2 & XF =23 P?2ref,
cfa.model.total <- cfa(cfa.total, data=ch10.ex1, likelihood="wishart")
summary (cfa.model. total)

VVV+++++++++++++VYV

lavaan (0.5-9) converged normally after 57 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 168.047
Degrees of freedom 71
P-value 0.000

Parameter estimates:

Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl)
Latent variables:

congru ="

congrul 1.000

congru? 1.073 0.074 14.517 0.000

congru3 1.065 0.070 15.123 0.000
pi ="

pil 1.000

pi2 1.024 0.046 22.170 0.000

pi3 1.058 0.055 19.186 0.000
CAact =~

CAactl 1.000

20



CAact2
CAact3
CAact4
BAp =~
BAp1
BAp2
BAp3
BAp4

Covariances:

congru "7
pi
CAact
BAp

pi "7
CAact
BAp

ChAact ~~
BAp

Variances:

> mi.cfa.model.total <- modindices(cfa.model.total)

congrul
congru2
congru3
pil

pi2

pi3
Chact1l
CAact2
CAact3
CAact4d
BAp1
BAp2
BAp3
BAp4
congru
pi
CAact
BAp

42 A 4*(modification indices, m.i.) & &

> mi.cfa.model.total

1

lhs op
congru ="

rhs
congrul

o O

e

o =

Il ' el el el el e e e Ne Neo Neo e Ne Nel

.938
.968
.970

.000
.038
.023
.220

.015
.864
.841

.166
.119

.999

.578
.563
.416
.332
.310
.630
.376
.427
.425
.440
.307
.320
.340
.627
.323
.792
.237
.370

mi
NA

o

(@]

el eoleolNolNolNeolNolNolNolNolNolNolNolNolNolNolNeolNo

.058
.059
.059

.052
.052
.139

.146
.125
.126

.147
.147

.128

16
16

16.

20.

19

ol 3}

f

.222
.498
369

101
.738
.784

.955
.937
.680

.945
.625

.800

ZF
Zl

rlr

(o3}
H

o

o

o O

.000
.000
.000

.000
.000
.000

.000
.000
.000

.000
.000

.000

epc sepc.lv sepc.all sepc.nox

NA

21
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congru
congru
congru
congru
congru
congru
congru
congru
congru
congru
congru
congru
congru
pi

pi

pi

pi

pi

pi

pi

pi

pi

pi

pi

pi

pi

pi
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
CAact
BAp
BAp
BAp
BAp
BAp

congru?2
congru3d
pi1l
pi2
pi3
~ Chactl

=~ CAact2

~ CAact3
~ CAact4

BAp1
- BAp2
- BAp3
- BAp4
~ congrul
~ congru2
~ congru3
- pil
pi2
pi3
~ CAactl
~ CAact2
~ CAact3
~ CAactd
- BAp1
- BAp2
- BAp3
- BAp4
~ congrul
~ congru2
~ congru3
pil
pi2
pi3
~ CAact1l
~ CAact2
~ CAact3
~ CAact4
- BAp1
- BAp2
- BAp3
- BAp4
~ congrul
~ congru?2
~ congru3
- pil
pi2
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ONONEFEEFP,L OONOOO

.000
.000
.935
.954
.960
.494
.835
.679
.888
.010
.659
.974
.020
.172
.128
.6562

NA

.000
.000
.698
.175
.484
.926
.992
.734
.166
.595
.2563
.468
.834
.798
.3567
.108

NA

.000
.000
.000
.138
.382
.161
.216
.565
.401
.108
.301
.526

|
O O O O o

.000
.000
.066
.168
.142
.085
.064
.059
.099
.006
.050
.061
.027
.104
.167
.057

NA
.000
.000
.217
.109
.052
.073
.129
.051
.065
.138
.240
.112
.121
.225
.198
.036

NA
.000
.000
.000
.118
.051
.033
.270
.096
.123
.025
.110
.053

22

.000
.000
.076
.194
.163
.098
.074
.067
.114
.007
.058
.070
.031
.140
.223
.076

NA
.000
.000
.291
.146
.070
.098
.173
.069
.087
.185
.267
.125
.134
.250
.220
.040

NA
.000
.000
.000
.131
.057
.037
.300
.113
.144
.029
.129
.062

.000
.000
.052
.131
.101
.077
.060
.054
.090
.005
.043
.053
.012
.101
.155
.055

NA

.000
.000
.229
.119
.055
.077
.134
.051
.065
.071
.194
.087
.097
.172
.149
.025

NA

.000
.000
.000
.101
.043
.028
.116
.082
.100
.021
.089
.042

.000
.000
.052
.131
.101
077
.060
.054
.090
.005
.043
.063
.012
.101
.1565
.0565

NA

.000
.000
.229
.119
.065
.077
.134
.051
.065
.071
.194
.087
.097
.172
.149
.025

NA

.000
.000
.000
.101
.043
.028
.116
.082
.100
.021
.089
.042



48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93

BAp
BAp
BAp
BAp
BAp
BAp
BAp
BAp
BAp

congrul 77
congrul 77

congrul
congrul
congrul
congrul
congrul
congrul
congrul
congrul
congrul
congrul
congrul
congrul

congru2 ~~

congru2
congru?
congru2
congru2
congru?
congru2
congru?
congru2
congru2
congru2
congru2
congru2

congru3d 7

congrud
congrud
congru3
congru3
congru3d
congrud
congrud
congru3
congru3

= pi3
=" CAactl
=" CAact2
=" CAact3
=" CAact4
=" BAp1
=" BAp2
=" BAp3
=" BAp4
congrul
congru?2
~ congru3
pi1l
pi2
pi3
“7 Chactl
“7 CAact2
~“~ CAact3
“” CAact4
o BAp1
o BAp2
o BAp3
o BAp4
congru2
~ congru3
pil
pi2
pi3
~“~ Chactl
7 CAact2
~~ CAact3
“7 CAact4
~ BAp1
. BAp2
o BAp3
o BAp4
congru3

pil

pi2

pi3
7 Chactl
“7 CAact2
“7 CAact3
“7 CAact4
. BAp1
o BAp2

O O O OO
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771
.402
.067
.000
.192

NA

.000
.000
.000
.000
.033
.972
.181
.202
.270
.938
.035
.358
.060
.839
.714
.015
.351
.000
.996
.954
.390
.685
.541
.016
.292
.095
.020
.019
.458
.265
.000
.217
.602
.073
.338
.050
.494
.085
.002
.175

.076
.051
.021
.002
.036

NA
.000
.000
.000
.000
.015
.168
.018
.019
.059
.040
.008
.050
.011
.036
.034
.005
077
.000
.207
.094
.049
.137
.052
.006
.024
.064
.006
.006
.028
.068
.000
.069
.030
.013
.045
.009
.028
.012
.002
.015

23

.089
.060
.025
.002
.043

NA

.000
.000
.000
.000
.015
.168
.018
.019
.059
.040
.008
.050
.011
.036
.034
.005
077
.000
.207
.094
.049
.137
.052
.006
.024
.064
.006
.006
.028
.068
.000
.069
.030
.013
.045
.009
.028
.012
.002
.015

.055
.047
.020
.002
.034

NA

.000
.000
.000
.000
.007
.088
.009
.009
.026
.023
.005
.029
.006
.020
.018
.003
.022
.000
.103
.044
.023
.059
.029
.003
.013
.035
.003
.003
.014
.018
.000
.034
.015
.006
.025
.005
.016
.007
.001
.008

.065
.047
.020
.002
.034

NA

.000
.000
.000
.000
.007
.088
.009
.009
.026
.023
.005
.029
.006
.020
.018
.003
.022
.000
.103
.044
.023
.0569
.029
.003
.013
.035
.003
.003
.014
.018
.000
.034
.015
.006
.025
.005
.016
.007
.001
.008



94

95

96

97

98

99

100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139

congrud
congru3
pil
pil
pil
pil
pil
pil
pil
pil
pil
pil
pil
pi2
pi2
pi2
pi2
pi2
pi2
pi2
pi2
pi2
pi2
pi3
pi3
pi3
pi3
pi3
pi3
pi3
pi3
pi3
Chactl
CAactl
Chact1l
CAact1l
CAactl
Chactl
CAact1l
CAactl
CAact2
CAact2
CAact2
CAact2
CAact2
CAact2

BAp3
BAp4
pil
pi2
pi3
CAactl
CAact2
CAact3
CAact4
BAp1
BAp2
BAp3
BAp4
pi2
pi3
CAactl
CAact2
CAact3
CAact4
BAp1
BAp2
BAp3
BAp4
pi3
CAactil
CAact?2
CAact3
CAact4
BApl 1
BAp2
BAp3
BAp4
CAactl
CAact2
CAact3
CAact4
BAp1
BAp2
BAp3
BAp4
CAact?2
CAact3
CAact4
BAp1
BAp2

OO O O -

N
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N, N0 OO O -

BAp3 10.

.626 O
.282 -0
.000 O
.002 O
.847 -0.
277 0.
.902 -0
.814 -0
.012 -0
.327 O
.099 0
.215 -0
.039 -0
.000 O
.732 0.
.288 -0
.063 O
.418 -0
.5556 0
.073 O
.417 O
.018 -0
.065 O
.000 O
.317 -0
.162 -0
.487 O
.016 -0
.566 -0.
.111 -0
.323 0
.099 O
.000 O
.831 0
.5563 0
.969 -0.
.716 O
.232 0
.083 -0
.909 -0.
.000 O
.626 -0.
.648 O
.161 O
.617 0
036 -0.

.048
.064
.000
.003
156
156
.033
.047
.036
.018
.010
.015
.021
.000
160
.051
.009
.023
.026
.032
.021
.046
.027
.000
.024
.018
.070
.045
146
.014
.126
.042
.000
.090
.031
163
.041
.036
.099
101
.000
121
.068
.035
.092
107

24

.048
.064
.000
.003
.156
.156
.033
.047
.036
.018
.010
.015
.021
.000
.160
.051
.009
.023
.026
.032
.021
.046
.027
.000
.024
.018
.070
.045
.146
.014
.126
.042
.000
.090
.031
.163
.041
.036
.099
.101
.000
.121
.068
.035
.092
.107

.026
.018
.000
.001
.066
.084
.018
.026
.019
.010
.005
.008
.005
.000
.066
.027
.005
.012
.014
.017
.010
.023
.007
.000
.012
.009
.034
.022
.070
.006
.058
.010
.000
.058
.020
.102
.025
.021
.059
.031
.000
.078
.044
.022
.056
.066

.026
.018
.000
.001
.066
.084
.018
.026
.019
.010
.005
.008
.005
.000
.066
.027
.005
.012
.014
.017
.010
.023
.007
.000
.012
.009
.034
.022
.070
.006
.058
.010
.000
.058
.020
.102
.025
.021
.0569
.031
.000
.078
.044
.022
.056
.066



140 CAact2 ~~ BAp4d 0.164 -0.044 -0.044 -0.014
141 CAact3 "7 CAact3 0.000 0.000 0.000 0.000
142 CAact3 7~ CAact4 5.212 0.097 0.097 0.061
143 CAact3 7~ BApl 2.136 -0.048 -0.048 -0.029
144 CAact3 ~~ BAp2 13.076 -0.122 -0.122 -0.072
145 CAact3 ~~ BAp3 25.230 0.171 0.171 0.102
146 CAact3 ™~ BAp4 0.260 0.056 0.056 0.017
147 CAact4 - CAact4 0.000 0.000 0.000 0.000
148 CAact4 ~~ BApl 2.226 -0.050 -0.050 -0.030
149 CAact4 =~ BAp2 0.057 0.008 0.008 0.005
150 CAact4 ~~ BAp3 0.806 0.031 0.031 0.018
151 CAact4 =~ BAp4 3.892 0.219 0.219 0.067
152 BApl ™~ BApl 0.000 0.000 0.000 0.000
153 BAp1l ~~ BAp2 1.656 0.063 0.063 0.036
154 BApl ~~ BAp3 0.505 0.034 0.034 0.020
155 BApl ~~ BAp4d 0.384 -0.063 -0.063 -0.019
156 BAp2 ~~ BAp2 0.000 0.000 0.000 0.000
157 BAp2 "~ BAp3 2.694 -0.082 -0.082 -0.046
158 BAp2 "~ BAp4 0.050 -0.024 -0.024 -0.007
159 BAp3 ~~ BAp3 0.000 0.000 0.000 0.000
160 BAp3 ~~ BAp4 0.047 0.023 0.023 0.007
161 BAp4 ~~ BAp4 0.000 0.000 0.000 0.000
162 congru °~ congru 0.000 0.000 0.000 0.000
163 congru ~~ pi 0.000 0.000 0.000 0.000
164 congru °~  CAact 0.000 0.000 0.000 0.000
165 congru ~~ BAp 0.000 0.000 0.000 0.000
166 pi 7~ pi 0.000 0.000 0.000 0.000
167 pi 77 CAact 0.000 0.000 0.000 0.000
168 pi 7" BAp 0.000 0.000 0.000 0.000
169 CAact "° CAact 0.000 0.000 0.000 0.000
170 Chact ™~ BAp 0.000 0.000 0.000 0.000
171 BAp ~~ BAp 0.000 0.000 0.000 0.000

manifest variables AFo]o] FEAZE 1S F3 R A= Al

> mi.cfa.model.total[mi.cfa.model.total$op == "~~" ]
lhs op rhs mi epc sepc.lv sepc.all
1 congrul “7 congrul 0.000 0.000 0.000 0.000
2  congrul "7 congru2 0.033 -0.015 -0.015 -0.007
3 congrul "7 congru3 3.972 -0.168 -0.168 -0.088
4 congrul ~7 pil 0.181 0.018 0.018 0.009
5  congrul ~~ pi2 0.202 0.019 0.019 0.009
6 congrul "7 pi3 1.270 -0.059 -0.059 -0.026
7 congrul “~ CAactl 0.938 0.040 0.040 0.023
8 congrul “~ CAact2 0.035 -0.008 -0.008 -0.005
9 congrul "7 CAact3 1.358 0.050 0.050 0.029

25

.014
.000
.061
.029
.072
.102
.017
.000
.030
.005
.018
.067
.000
.036
.020
.019
.000
.046
.007
.000
.007
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

.nox
.000
.007
.088
.009
.009
.026
.023
.005
.029



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

congrul
congrul
congrul
congrul
congrul

congru2 ~7

congru2
congru2
congru2
congru?
congru2
congru?
congru?
congru2
congru?
congru?
congru?
congru?

congrud ~~

congru3d
congru3d
congrud
congrud
congru3
congru3
congru3d
congrud
congrud
congru3
congru3
pil
pil
pil
pil
pil
pil
pil
pil
pil
pil
pil
pi2
pi2
pi2
pi2
pi2

“~ CAact4
~ BAp1l
~ BAp2
~ BAp3
- BAp4
congru?2
congrud

pil

pi2

pi3
“~ CAact1
“~ CAact2
“~ CAact3
“~ CAact4d
- BAp1
- BAp2
- BAp3
~ BAp4
congrud

pil

pi2

pi3
“~ CAact1
“~ CAact2
“~ CAact3
“~ CAact4
- BAp1
- BAp2
~ BAp3
~ BAp4
pil
pi2
pi3
“~ CAactl
“~ ChAact2
“~ CAact3
“~ CAact4
- BAp1
~ BAp2
~ BAp3
- BAp4
pi2
pi3
“~ CAactl
“~ CAact2
“~ CAact3

OO OO OOO0OO0OO0OF,F OO0OWOOODOONOOFHODF P IPPOOOOOOo

N
=
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.060
.839
.714
.015
.361
.000
.996
.954
.390
.685
.541
.016
.292
.095
.020
.019
.458
.265
.000
.217
.602
.073
.338
.050
.494
.085
.002
.175
.626
.282
.000
.002
. 847
277
.902
.814
.012
.327
.099
.215
.039
.000
.732
.288
.063
.418

.011
.036
.034
.005
.077
.000
.207
.094
.049
.137
.052
.006
.024
.064
.006
.006
.028
.068
.000
.069
.030
.013
.045
.009
.028
.012
.002
.015
.048
.064
.000
.003
.156
.156
.033
.047
.036
.018
.010
.015
.021
.000
.160
.051
.009
.023
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.011
.036
.034
.005
.077
.000
.207
.094
.049
.137
.052
.006
.024
.064
.006
.006
.028
.068
.000
.069
.030
.013
.045
.009
.028
.012
.002
.015
.048
.064
.000
.003
.156
.156
.033
.047
.036
.018
.010
.015
.021
.000
.160
.051
.009
.023

.006
.020
.018
.003
.022
.000
.103
.044
.023
.059
.029
.003
.013
.035
.003
.003
.014
.018
.000
.034
.015
.006
.025
.005
.016
.007
.001
.008
.026
.018
.000
.001
.066
.084
.018
.026
.019
.010
.005
.008
.005
.000
.066
.027
.005
.012

.006
.020
.018
.003
.022
.000
.103
.044
.023
.0569
.029
.003
.013
.035
.003
.003
.014
.018
.000
.034
.015
.006
.025
.005
.016
.007
.001
.008
.026
.018
.000
.001
.066
.084
.018
.026
.019
.010
.005
.008
.005
.000
.066
.027
.005
.012



56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
7
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101

pi2
pi2
pi2
pi2
pi2
pi3
pi3
pi3
pi3
pi3
pi3
pi3
pi3
pi3
CAactl
CAactl
CAactl
CAactl
CAactl
CAactl
CAactl
CAactl
CAact2
CAact2
CAact?2
CAact?2
CAact2
CAact?2
CAact2
CAact3
CAact3
CAact3
CAact3
CAact3
CAact3
CAact4
CAact4
CAact4d
CAact4
CAact4
BAp1
BAp1
BAp1
BAp1
BAp2
BAp2

CAact4
BAp1
BAp2
BAp3
BAp4

pi3

CAact1l

CAact?2

CAact3

CAact4
BAp1
BAp2
BAp3
BAp4

CAactil

CAact?2

CAact3

CAact4
BAp1
BAp2
BAp3
BAp4

CAact2

CAact3

CAact4
BAp1
BAp2
BAp3
BAp4

CAact3

CAact4
BAp1
BAp2
BAp3
BAp4

CAact4
BAp1
BAp2
BAp3
BAp4
BAp1
BAp2
BAp3
BAp4
BAp2
BAp3

H NOOOONOHRO

1

O b OO OO Ww

S

1

N N0 OO O - -

N =
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.565
.073
.417
.018
.065
.000
.317
.162
.487
.016
.566
111
.323
.099
.000
.831
.563
.969
.716
.232
.083
.909
.000
.626
.648
.151
.617
.036
.164
.000
.212
.136
.076
.230
.260
.000
.226
.057
.806
.892
.000
.656
.505
.384
.000
.694

.026
.032
.021
.046
.027
.000
.024
.018
.070
.045
.146
.014
.126
.042
.000
.090
.031
.163
.041
.036
.099
.101
.000
.121
.068
.035
.092
.107
.044
.000
.097
.048
.122
.171
.056
.000
.050
.008
.031
.219
.000
.063
.034
.063
.000
.082
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.026
.032
.021
.046
.027
.000
.024
.018
.070
.045
.146
.014
.126
.042
.000
.090
.031
.163
.041
.036
.099
.101
.000
.121
.068
.035
.092
.107
.044
.000
.097
.048
.122
.171
.056
.000
.050
.008
.031
.219
.000
.063
.034
.063
.000
.082

O O O

.014
.017
.010
.023
.007
.000
.012
.009
.034
.022
.070
.006
.058
.010
.000
.058
.020
.102
.025
.021
.059
.031
.000
.078
.044
.022
.056
.066
.014
.000
.061
.029
.072
.102
.017
.000
.030
.005
.018
.067
.000
.036
.020
.019
.000
.046

.014
.017
.010
.023
.007
.000
.012
.009
.034
.022
.070
.006
.058
.010
.000
.058
.020
.102
.025
.021
.0569
.031
.000
.078
.044
.022
.056
.066
.014
.000
.061
.029
.072
.102
.017
.000
.030
.005
.018
.067
.000
.036
.020
.019
.000
.046



102 BAp2 *~ BAp4 0.050 -0.024 -0.024 -0.007 -0.007
103 BAp3 ~~ BAp3 0.000 0.000 0.000 0.000 0.000
104 BAp3 ~~ BAp4 0.047 0.023 0.023 0.007 0.007
105 BAp4 ~~ BAp4 0.000 0.000 0.000 0.000 0.000
106 congru “~ congru 0.000 0.000 0.000 0.000 0.000
107 congru 77 pi 0.000 0.000 0.000 0.000 0.000
108 congru 77 CAact 0.000 0.000 0.000 0.000 0.000
109 congru ~° BAp 0.000 0.000 0.000 0.000 0.000
110 pi 77 pi 0.000 0.000 0.000 0.000 0.000
111 pi 7~ CAact 0.000 0.000 0.000 0.000 0.000
112 pi 77 BAp 0.000 0.000 0.000 0.000 0.000
113 CAact 7~ CAact 0.000 0.000 0.000 0.000 0.000
114  CAact 7~ BAp 0.000 0.000 0.000 0.000 0.000
115 BAp ~~ BAp 0.000 0.000 0.000 0.000 0.000

AFgh(25.230)0] 7H¢ 2 4otk U mani-

89 CAact3 ~"BAp3 ¢ &
S Z7bet= A9 9. CAact3 ~~ BAp3

fest variables Apo]of & Ak

> cfa.total.cov <- '
+ # latent variables
+ congru =" congrul + congru2 + congru3

+ pi =7 pil + pi2 + pi3

+ CAact =~ CAactl + CAact2 + CAact3 + CAact4

+ BAp =~ BApl + BAp2 + BAp3 + BAp4

+ # covariance among latent variables

+ congru”"pi

+ congru”"~CAact

+ congru”"BAp

+ pi~~CAact

+ pi~"BAp

+ CAact™"BAp

+ CAact3”"BAp3

+ !

> cfa.model.cov <- cfa(cfa.total.cov, data=chl10.ex1, likelihood="wishart")
> summary(cfa.model.cov, fit.measures=TRUE, standardized=TRUE)

lavaan (0.5-9) converged normally after 58 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 141.111
Degrees of freedom 70
P-value 0.000

Chi-square test baseline model:

28



Minimum Function Chi-square
Degrees of freedom
P-value

Full model versus baseline model:

Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter estimates:

Information
Standard Errors

Estimate Std.err 2Z
Latent variables:

congru ="

congrul 1.000

congru? 1.073 0.074

congru3 1.066 0.071
pi ="

pil 1.000

pi2 1.023 0.046

pi3 1.056 0.055
Chact =~

CAactl 1.000

29

0.0

-value

14.513
15.114

22.208
19.163

2647.

o

-3905.
-3834.

7881.
7997.
7886.

392
91

.000

.972
.964

527
630

35
054
867
970

.070
53 0.
.027

087

.032

Expected
Standard

P(>1zl)

Std.1lv

1.150
1.234
1.225

1.339
1.371
1.415

1.121

Std.

(@]

all

.834
.854
.885

.919
.927
.871

.883



CAact2
CAact3
CAact4
BAp =~
BAp1
BAp2
BAp3
BAp4

Covariances:
congru "7
pi
CAact
BAp
pi "7
CAact
BAp
CAact ~~
BAp
CAact3 ~~
BAp3

Variances:
congrul
congru2
congru3d
pil
pi2
pi3
CAactl
CAact2
CAact3
CAact4d
BAp1
BAp2
BAp3
BAp4
congru
pi
CAact
BAp

£ Wso} FEA
% 5% Fol A

o O

e

o =

CAact3& A Ast =2 A

2 W77 AsA AT

Ll ' S e M el e el e e e e Neo No oo NeJ

936 0.056 16.680  0.000  1.050
.964  0.057 16.888  0.000  1.081
.956  0.058 16.448  0.000  1.072
.000 1.170
.045  0.051 20.527  0.000  1.223
.030  0.052 19.946  0.000  1.205
212 0.139  8.719  0.000  1.418
015 0.146  6.955  0.000  0.659
.864  0.125  6.924  0.000  0.670
.833  0.125  6.650  0.000  0.619
169  0.147  7.949  0.000  0.778
120 0.147  7.636  0.000  0.715
.986  0.127  7.750  0.000  0.752
.176  0.037  4.726  0.000  0.176
578  0.076 0.578
563  0.080 0.563
416 0.069 0.416
330  0.051 0.330
309  0.051 0.309
634  0.078 0.634
355 0.048 0.355
413 0.051 0.413
435 0.054 0.435
454 0.055 0.454
308 0.043 0.308
301 0.044 0.301
350  0.048 0.350
655  0.470 4.655
322 0.185 1.000
794 0.210 1.000
258  0.158 1.000
369  0.165 1.000

o] 2 M-S FUsA 2 dE AAY + Ao

Aact39] F2A4k #A gho] 7P FEZ X o] F%
=S MAE 5 Sl o] A2 BdAYE ghs
2& FAs okt ol 24 FEe dAdH

o O

O O O O

il ol el el ol ol olNeolNeolNolNolNolNolNolNo ol

.853
.854
.847

.904
.912
.898
.549

.659
.670
.619

778
.715

.752

.450

.304
.270
.217
.156
.141
.241
.220
.273
.271
.283
.184
.168
.194
.698
.000
.000
.000
.000



cfa.total.modil <- '

# latent variables

congru =" congrul + congru2 + congru3

pi =" pil + pi2 + pi3

CAact =~ CAactl + CAact2 + Clact4 # CAact3& =< .

BAp =~ BApl + BAp2 + BAp3 + BAp4

# covariance among latent variables

congru” "pi

congru”~~CAact

congru” "BAp

pi~"CAact

pi~"BAp

CAact™"BAp

!

cfa.model.modil <- cfa(cfa.total.modil, data=ch10.ex1, likelihood="wishart")
summary (cfa.model.modil, fit.measures=TRUE, standardized=TRUE)

VV A+ 4+ +++++++++++V

lavaan (0.5-9) converged normally after 57 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 122.153
Degrees of freedom 59
P-value 0.000

Chi-square test baseline model:

Minimum Function Chi-square 2374.318
Degrees of freedom 78
P-value 0.000

Full model versus baseline model:

Comparative Fit Index (CFI) 0.972
Tucker-Lewis Index (TLI) 0.964

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -3690.288
Loglikelihood unrestricted model (H1) -3628.916
Number of free parameters 32
Akaike (AIC) 7444 .575
Bayesian (BIC) 7551.377
Sample-size adjusted Bayesian (BIC) 7449.985

31



Root Mean Square Error of Approximation:

RMSEA

90 Percent Confidence Interval

P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:

SRMR

Parameter estimates:

Information
Standard Errors

Estimate
Latent variables:
congru ="
congrul 1.000
congru? 1.075
congrud 1.069
pi ="
pil 1.000
pi2 1.022
pi3 1.055
CAact =~
CAactl 1.000
CAact2 0.965
CAact4 0.953
BAp =~
BAp1l 1.000
BAp2 1.040
BAp3 1.017
BAp4 1.217
Covariances:
congru "7
pi 1.013
CAact 0.844
BAp 0.839
pi "”
CAact 1.167
BAp 1.121
CAact 7~
BAp 0.996

Std.

(@]

err

.074
.071

.046
.055

.059
.062

.051
.052
.139

.146
.124
.126

.147
.147

.129

32

0.072

0.054 0.090
0.026

0.032

Expected
Standard
Z-value P(Clzl)
14.469 0.000
15.102 0.000
22.218 0.000
19.165 0.000
16.368 0.000
15.326 0.000
20.299 0.000
19.596 0.000
8.772 0.000
6.952 0.000
6.805 0.000
6.673 0.000
7.912 0.000
7.630 0.000
7.749 0.000

Std.1lv

[

N

.148
.234
.228

.340
.370
.414

.109
.070
.058

.172
.219
.192
.426

.659
.663
.624

.785
.714

.766

Std.

o

o O

O O O O

all

.833
.854
.887

.919
.926
.871

.873
.869
.835

.905
.909
.895
.552

.659
.663
.624

.785
.714

.766



Variances:

congrul 0.583 0.077 0.583 0.307
congru2 0.565 0.080 0.565 0.271
congru3 0.410 0.069 0.410 0.214
pil 0.328 0.051 0.328 0.155
pi2 0.311 0.051 0.311 0.142
pi3 0.635 0.078 0.635 0.241
CAactl 0.382 0.055 0.382 0.237
CAact2 0.370 0.052 0.370 0.244
CAact4d 0.484 0.061 0.484 0.302
BAp1 0.304 0.044 0.304 0.181
BAp2 0.311 0.046 0.311 0.173
BAp3 0.352 0.048 0.352 0.199
BAp4 4.633 0.469 4.633 0.695
congru 1.318 0.185 1.000 1.000
pi 1.796 0.210 1.000 1.000
CAact 1.231 0.159 1.000 1.000
BAp 1.373 0.165 1.000 1.000
CAact32} 37, BApAS} pi3 A A gtk A=A 57 W73 (ARAN) B S

shols 4 9t}

cfa.total.modi2 <- '

# latent variables

congru =" congrul + congru2 + congru3

pi =" pil + pi2 # pi3=<

CAact =~ CAactl + CAact2 + CAact4 # CAact3 =<

BAp =~ BApl + BAp2 + BAp3 # BAp4 =<

# covariance among latent variables

congru” "pi

congru”~~CAact

congru”"BAp

pi~"CAact

pi~"BAp

CAact™"BAp

cfa.model.modi2 <- cfa(cfa.total.modi2, data=ch10.ex1, likelihood="wishart")
summary(cfa.model.modiQ, fit.measures=TRUE, standardized=TRUE)

VV A+ A+ +++++++++++V

lavaan (0.5-9) converged normally after 51 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 74.170
Degrees of freedom 38
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P-value

Chi-square test baseline model:
Minimum Function Chi-square
Degrees of freedom
P-value

Full model versus baseline model:

Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

2008.

-2961

-2924.

5979.
6072.
5984.

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter estimates:

Information
Standard Errors

Estimate Std.err 2Z
Latent variables:

congru ="
congrul 1.000
congru? 1.072 0.074
congru3 1.070 0.071
pi ="
pil 1.000

34

-value

.000

334
55

.000

.981
.973

.719

455

28
439
890
172

.068
0.044 0.
.100

090

.030

Expected
Standard

P(>1zl)

Std.1lv

1.149
1.232
1.229

1.388

Std.all



pi2
CAact =~
CAactil
CAact?2
CAact4
BAp =~
BAp1
BAp2
BAp3

Covariances:

congru
pi
CAact
BAp
pi 77
CAact
BAp
CAact ~~
BAp

Variances:
congrul
congru?
congru3
pil
pi2
Chact1l
CAact2
CAact4d
BAp1
BAp2
BAp3
congru

o« XF3}Q
o tZk -> Z-value

o P&k -> P(>[z])

.953

.000

0.956

.944
.000

.038
.012

.033

0.849

B P, P, PO 00000000 O0oOOo

.842

.230
.165

.001

.681
.569
.408
.199
.439
.368
.378
.493
.296
.310
.359
.319
.925
.245
.381

el eolNeolNeolNolNeolNolNolNolNolNolNolNolNolNol

.049

.058
.061

.051
.052

.149
.125
.126

.152
.151

.129

077
.080
.069
.066
.072
.054
.052
.062
.044
.046
.049
.185
.217
.159
.165

35

19

16
15

20.
19.

(e}

[00]

.351

.449
.366

342
544

.940
.817
.678

.091
.722

.758

.000

.000
.000

.000
.000

.000
.000
.000

.000
.000

.000

18 5} & (standardized factor loading) -> Std.all

B R, P, PO 00000000 O0oOOo

.322

.116
.067
.053

.175
.219
.189

.648
.663
.624

.794
.714

.763

.681
.569
.408
.199
.439
.368
.378
.493
.296
.310
.359
.000
.000
.000
.000

B R, P, PO 0000000 O0OO0oOOo

.894

.879
.866
.832

.908
.910
.893

.648
.663
.624

.794
.714

.763

.306
.273
.213
.094
.201
.228
.249
.308
.176
.172
.202
.000
.000
.000
.000



A 89l e} (Construct validity)2 5 E}Fd4] (convergent validity), $Hd
B} A (discriminant validity), ¥ & €} 34 (nomological validity) 522 3 713t
ol

o] =7]: Estimate, P(>]z]), std.all 5 AR E H H st}

[e)

b Z3%%2] 37]: inspect() ol A ZFolE T} std.all®] W= rsquares
o FiS SAEE F3taL, o] 3o AV E SolA sttt
A}

=

o
e oft

(a) AL 7he] AABAS 18 AR (ix)A 7 2P} v
(b) = FANLQA Ao FFEAFEZ(AVE)S 1 F FA 29 4k
FABA AFE v

3. ¥ e} (nomological validity)
> inspect(cfa.model.modi2)

$lambda
congru pi CAact BAp
congrul 0 O 0
congru2
congru3
pil
pi2
CAactl
CAact2
CAact4
BAp1
BAp2
BAp3

O OO OO OO ON+-
O OO O OO WwWOoOOoOOo
O OO Ul b OO O OO
~NOO O OO OO OO oo

$theta

congrl congr2 congr3 pil pi2 CAactl CAact2 CAact4 BApl BAp2 BAp3
congrul 14
congru2 O 15
congru3d O
pil 0
pi2 0
CAactl O
CAact2 O

CAact4 0

O O O O O O
O O O O

0 0 21

'psy 7141 9] mtmm()& ¥ &-3H53H71 8 F AT




BAp1l 0 0 0 0 0 O 0 0 22

BAp2 0 0 0 0O 0 O 0 0 0 23
BAp3 0 0 0 0 0 O 0 0 0 0 24
$psi
congru pi CAact BAp
congru 25
pi 8 26
CAact 9 11 27
BAp 10 12 13 28

> inspect(cfa.model.modi2, "free")

$lambda
congru pi CAact BAp
congrul 0 O 0
congru2
congrud
pil
pi2
CAactl
CAact2
CAact4d
BAp1
BAp2
BAp3

O OO OO OO ON+
O OO O OO WO OoOOo
O O O Ul b OO O OO
~NO0O OO O OO OO OoOOo

$theta
congrl congr2 congr3d pil pi2 CAactl CAact2 CAact4 BApl BAp2 BAp3
congrul 14
congru2 O
congrud O
pil
pi2
CAact1l
CAact2
CAactéd
BAp1
BAp2
BAp3

[y
o

[

()}

17
18
19
20
21
22
23

O O O O O O oo
O O O OO OO oo
O OO O OO OO
O O O O O oo
O O O O O O
O O O O O
O O O O
O O O

o

$psi
congru pi CAact BAp
congru 25
pi 8 26
CAact 9 11 27
BAp 10 12 13 28
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> inspect(cfa.model.modi2, "start")

$lambda
congru pi CAact BAp

congrl congr2 congr3d pil pi2 CAactl CAact2 CAact4 BApl BAp2 BAp3

congrul 1.000 0O 0.000 0.000
congru2 1.114 0 0.000 0.000
congru3 1.087 0 0.000 0.000
pil 0.000 1 0.000 0.000
pi2 0.000 1 0.000 0.000
CAactl 0.000 0 1.000 0.000
CAact2 0.000 0 1.030 0.000
CAact4 0.000 0 0.966 0.000
BAp1 0.000 0 0.000 1.000
BAp2 0.000 0 0.000 1.021
BAp3 0.000 0 0.000 1.002
$theta
congrul 0.950
congru2 0.000 1.043
congru3 0.000 0.000 0.959
pil 0.000 0.000 0.000 1.062
pi2 0.000 0.000 0.000 0.000 1.094
CAactl 0.000 0.000 0.000 0.000 0.000 0.806
CAact2 0.000 0.000 0.000 0.000 0.000 0.000 0.758
CAact4 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BAp1 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BAp2 0.000 0.000 0.000 0.000 0.000 0.000 0.000
BAp3 0.000 0.000 0.000 0.000 0.000 0.000 0.000
$psi
congru pi  CAact BAp
congru 0.05
pi 0.00 0.05
CAact 0.00 0.00 0.05
BAp 0.00 0.00 0.00 0.05
> inspect(cfa.model.modi2, "rsquare")
congrul congru2  congru3 pil pi2

0.000 0.838
0.000 0.000 0.898
0.000 0.000 0.000 0.886

CAactl CAact?2 CAact4

0.6940737 0.7272691 0.7871465 0.9064433 0.7991989 0.7720651 0.7506149 0.6924106

BAp1 BAp2 BAp3
0.8236223 0.8275790 0.7977392

> inspect(cfa.model.modi2, "fit")

chisq daf pvalue
74.170 38.000 0.000
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baseline.df
55.000

logl

-2961.719

bic

6072.890
rmsea.ci.lower
0.044
Srmr_nomean
0.030

baseline.pvalue
0.000
unrestricted.logl
-2924.455

ntotal

208.000
rmsea.ci.upper
0.090

39

cfi

0.981

npar

28.000

bic2
5984.172
rmsea.pvalue
0.100

tli
0.973
aic
5979.439
rmsea
0.068
srmr
0.030
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Figure 7.1: A7 28 (7] 21, Graphviz ©]-&)



2/2|4_congru

AH|AEHE_CAact

Figure 7.2: A2 3 (7] 22, Graphvizo]&)

7201 U Lol LARe AR ke AS

7212 ZRNSY LAY e WANA AL E AFHA e 3P

7213 @ FALAL ol FPALE F oln B MFelE ASE At
A e A%

7214 FALY & FPAFY 1B RelshA gt A5

(o]
7215 Z3W5Hel volE shdelA A8 WEHT vhE A
7.2.1.6

The default estimator in the lavaan package is maximum likeli-
hood (estimator = "ML”). Alternative estima- tors currently avail-

lecho "digraph one { QA A->AHAHE; AXNA->EHACHE; LRAHE->EHASHE;
A E->Tr o E; AT E ->Fue]% }” | dot -Tpng >chll.exl.one.png

2echo “digraph two { YXA_congru->2AH|AFElE_CAact; DAA _congru->H A =Ej
_BAp; Au|AEIE_CAact->HACE| = _BAp; AH| A E_CAact->F e = _PI; B e
_BAp ->F"je]= PI }” | dot -Tpng >ch11.§§1.two.png

B

bt bt



able in lavaan are:

e "GLS” for generalized least squares. For complete data only.

e "WLS” for weighted least squares (sometimes called ADF esti-
mation). For complete data only.

e "MLM?” for maximum likelihood estimation with robust stan-
dard errors and a Satorra-Bentler scaled test statistic. For complete
data only.

e "MLF” for maximum likelihood estimation with standard errors
based on the first-order derivatives, and a conventional test statistic.
For both complete and incomplete data.

e "MLR” maximum likelihood estimation with robust (Huber-
White) standard errors and a scaled test statis- tic that is (asymp-
totically) equal to the Yuan-Bentler test statistic. For both complete
and incomplete data. (Yves Rosseel, 2012b: 27, o] &l g F7})

If the data contain missing values, the default behavior is listwise
deletion. If the missing mechanism is MCAR (missing completely at
random) or MAR (missing at random), the lavaan package provides
case-wise (or ‘full information’) maximum likelihood estimation. You
can turn this feature on, by using the argument missing="ml” when
calling the fitting function. An unrestricted (hl) model will automat-
ically be estimated, so that all common fit indices are available.(Z
22, 28)

722 AHI=

CMIN -> Minimum Function Chi-square

GFL NFI gt2 A5 A 2=t} semTools 3 7] A & A}-&-351o] 29

9t} lavaanol Al = CFI, TLI 5& A& 3ttt

7.2.3 HAZAF

Estimate: W] 253} A2 A4
S. E. -> Std.err

C. R. -> Z-value

P -> P(>|z])

123 A Z A4 Std.lv(latent variables®] ®%F3} Al<), Std.all(E2
0] ==
o xF3AT)

lavaanol| A £E3HA| 4 k& &<Q15H7] 984 = summary() ¢+ @
o ’standardized=TRUE'& 3 7}3]] oF Stc}.

rsﬂ
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7.2.3.1 Pairwise Parameter ComparisonsS ©]-83}= H}H
*EE Javaan©ol £ =277

fit.check <- '

# latent variables

congru =" congrul + congru2 + congrud

pi =~ pil + pi2 # pi3 =<

CAact =~ CAactl + CAact2 + CAact4 # CAact3 *1<f
BAp =~ BApl + BAp2 + BAp3 # BAp4 =<

# variances

congrul~“congrul

congru2”~congru?2

congru3”~ “congru3

CAact1™"CAactl

CAact2~"CAact2

CAact4~~"CAact4

BAp1~~"BAp1

BAp2~"BAp2

BAp3~"BAp3

pil~"pil

pi2~"pi2

CAact~~Clact

BAp~~"BAp

pi~"pi

# regressions

pi~CAact

pi“BAp

CAact~congru

BAp~congru

BAp~CAact

!

fit.check.model <- sem(fit.check, data=ch10.ex1, likelihood="wishart")
summary (fit.check.model, fit.measures=TRUE, standardized=TRUE)

VV 4+ ++++++++++++++++F++++++F++V

lavaan (0.5-9) converged normally after 43 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 79.751
Degrees of freedom 39
P-value 0.000

Chi-square test baseline model:

Minimum Function Chi-square 2008.334
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Degrees of freedom
P-value

Full model versus baseline model:

Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter estimates:

Information
Standard Errors

Estimate Std.err Z
Latent variables:

congru ="

congrul 1.000

congru2 1.076 0.074

congru3 1.063 0.071
pi ="

pil 1.000

pi2 0.955 0.050
Chact ="

CAact1l 1.000

CAact2 0.951 0.058

CAact4d 0.945 0.061

45

-value

14.528
15.026

19.199

16.332
15.392

-2964.
-2924.

5983.
6073.
5987.

55

.000

.979
.971

523
455

27
047
160
611

.071
0.048 0.
.062

093

.035

Expected
Standard

P(>1zl)

0.

000

Std.1lv

1.150
1.238
1.222

1.386
1.324

1.115
1.061
1.054

Std.

o

all

.834
.857
.883

.951
.895

.878
.862
.832



BAp =~

BAp1 1.000 1.175 0.907
BAp2 1.037 0.051 20.302 0.000 1.218 0.909
BAp3 1.013 0.052 19.561 0.000 1.190 0.894
Regressions:
pi ”~
CAact 0.764 0.111 6.869 0.000 0.615 0.615
BAp 0.292 0.100 2.907 0.004 0.247 0.247
Chact ~
congru 0.658 0.070 9.413 0.000 0.678 0.678
BAp ~
congru 0.206 0.081 2.546 0.011 0.202 0.202
CAact 0.661 0.088 7.483 0.000 0.627 0.627
Variances:
congrul 0.578 0.077 0.578 0.304
congru? 0.555 0.080 0.555 0.266
congru3 0.423 0.070 0.423 0.221
CAactl 0.369 0.053 0.369 0.229
CAact?2 0.390 0.053 0.390 0.258
CAact4 0.493 0.061 0.493 0.307
BAp1 0.297 0.044 0.297 0.177
BAp2 0.312 0.047 0.312 0.174
BAp3 0.357 0.049 0.357 0.201
pil 0.202 0.068 0.202 0.095
pi2 0.436 0.073 0.436 0.199
CAact 0.671 0.097 0.540 0.540
BAp 0.543 0.077 0.394 0.394
pi 0.631 0.095 0.329 0.329
congru 1.323 0.185 1.000 1.000

> fitted(fit.check.model)

$cov
congrl congr2 congr3 pil pi2  CAactl CAact2 CAact4 BApl BAp2 BAp3
congrul 1.901
congru2 1.423 2.086
congru3 1.406 1.513 1.918
pil 0.912 0.982 0.970 2.124
pi2 0.871 0.937 0.926 1.835 2.188
CAactl 0.870 0.936 0.925 1.242 1.186 1.613
CAact2 0.828 0.891 0.880 1.182 1.128 1.183 1.515
CAact4 0.822 0.885 0.874 1.174 1.121 1.175 1.118 1.603
BAp1 0.848 0.912 0.901 1.168 1.115 1.001 0.952 0.946 1.677
BAp2 0.879 0.946 0.935 1.211 1.157 1.039 0.988 0.981 1.431 1.797

46



BAp3 0.859 0.924 0.913 1.183 1.130 1.014 0.965 0.958 1.398 1.450 1.773

$mean
congrul congru2 congru3 pil pi2 CAactl CAact2 CAact4 BAp1 BAp2
0 0 0 0 0 0 0 0 0 0
BAp3
0

> resid(fit.check.model, type="standardized")

$cov
congrl congr2 congr3d pil pi2 CAactl CAact2 CAact4 BApl  BAp2
congrul NA

congru2 -0.852 NA
congru3d NA 1.365 NA
pil 2.240 0.001 2.330 NA
pi2 2.028 0.139 1.628 NA NA
CAactl 1.241 -2.731 -2.695 2.593 0.662 NA
CAact2 0.558 -1.962 -2.067 NA -4.348 1.070 NA
CAact4 2.145 1.013 0.493 -2.103 -0.237 NA 1.571 NA
BAp1 0.975 -1.520 0.027 -4.562 -0.808 -0.645 -0.380 -0.558 NA
BAp2 0.021 -1.842 -0.573 0.360 1.073 0.405 1.309 1.092 NA NA
BAp3 1.143 -0.824 1.164 0.461 0.741 -1.850 -1.808 1.378 0.949 NA
BAp3
congrul
congru?
congru3d
pil
pi2
CAactl
CAact2
CAact4d
BAp1
BAp2
BAp3 NA
$mean
congrul congru2 congru3d pil pi2 CAactl CAact2 CAact4 BAp1 BAp2
0 0 0 0 0 0 0 0 0 0
BAp3
0

> vcov(fit.check.model)

cng="2 cng="3 pi="p2 CA="CA2 CA="CA4 BA="BA2 BA="BA3 cnl™"1
congru="congru2 0.005
congru="congru3  0.003 0.005
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pi="pi2 0.000
CAact="CAact2 0.000
CAact="CAact4 0.000
BAp="BAp2 0.000
BAp="BAp3 0.000

congrul®“congrul 0.001
congru2”“congru2 -0.001
congru3”“congru3 0.000

CAact1”"CAactl 0.000
CAact2”"CAact2 0.000
CAact4”"CAact4 0.000
BAp1~~"BApl 0.000
BAp2~~"BAp2 0.000
BAp3~“BAp3 0.000
pil~"pil 0.000
pi2~"pi2 0.000
CAact™"CAact 0.000
BAp~~BAp 0.000
pi~ " pi 0.000
pi~CAact 0.000
pi“BAp 0.000
CAact”congru 0.002
BAp~congru 0.001
BAp~CAact 0.000
congru”“congru  -0.007

cn2772

congru="congru2
congru="congru3

pi="pi2

CAact="CAact2
CAact="CAact4

BAp="BAp2

BAp="BAp3
congrul™“congrul
congru2”“congru2 0.006
congru3”“congru3 -0.001
CAact1”"CAactl 0.000

CAact2”"CAact2 0.000
CAact4”"CAact4 0.000
BAp1™"BApl 0.000
BAp2~"BAp2 0.000
BAp3~~“BAp3 0.000
pil~"pit 0.000
pi2~"pi2 0.000
CAact™"CAact 0.000
BAp~“BAp 0.000

O O O O O o o

|
O O OO OO ODODODOOOOOOoOOoOOo

|
o

.000
.000
.000
.000
.000
.001
.000
.001
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.002
.001
.000
.007

cn3”"3

O OO OO OO OoOOoOOoOo

.005
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000

O OO OO OO0 O OO O OoOOo

|
(@]

.002
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.002
.002
.000
.000
.002
.001
.000
.000
.000
.000
.000

CA1™"C

|
O OO OO OO O OoOOo

W
o

.003
.000
.000
.000
.000
.000
.000
.000
.001
.000

.003
.002
.000
.000
.000
.000
.000
.001
.001
.000
.000
.000
.000
.000
.000
.002
.000
.000
.001

0.000
-0.001

0.000

0.001

0.000
CA2™~C

| |
[eleoleolNolNolNolNeolNololNolNolNolNolNolNolNolNol

o O

.003
.000
.000
.000
.000
.000
.000
.000
.000

O O O O OO O oo

| |
el el eolNolNolNolNolNolNolNolNolNolNolNolNolNe]

o O

.004
.000
.000
.000
.000
.000
.001
.000
.001
.000
.000
.000
.000
.000
.002
.000
.000
.001
.000
.001
.000
.001
.000

.003
.001
.000
.000
.000
.000
.000
.000
.001
.001
.000
.000
.000
.000
.001
.000
.000
.000
.000
.000
-0.001

0.000

O OO O OO O O o

| |
O O O O O O

O O O O O

O O O O OO O oo

| |
O O O O O

O O O O O

-0
0

.003

.000 O
.000
.000
.000
.000
.000
.000
.000
.001
.000
.000
.000
.001
.000
.000
.000
.000
.000
.001
.000 -0

| |
o O

el eoleolNolNeolNolNolNolNolNolNolNolNolNolNolNe]

CA4~~C BA1™"B BA2""B BA3™"B

O O O O O O oo

.004
.000
.000
.000
.000
.000
.000
.000 -

O O O O o oo

.002
.000
.000
.000
.000
.000
.001

O O O O O O

.002
.000
.000
.000
.000
.000

.006
.001
.001
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.000
.001
.000
.000
.003

p1™7pl

0.005
-0.003
0.000
0.000



pi~"pi 0.000 0.000 O
pi~CAact 0.000 0.000 O
pi~BAp 0.000 0.000 O
CAact”congru 0.000 0.000 O
BAp~congru 0.000 0.000 O
BAp~CAact 0.000 0.000 O

congru”~congru 0.001 0.001 O.

.000
.001
.000
.000
.000
.001

000

O OO O O O o

.000
.000
.000
.000
.000
.000
.000

O O O O O oo

.000
.000
.000
.000
.000
.000
.000

O O O O O o

.000
.000
.000
.000
.000
.000
0.

000

O O O O OO

0

.000
.000
.000
.000
.000
.000
.000

O O O O O O

0

.000
.000
.000
.000
.000
.000
.000

0.003
0.000
0.000
0.000
0.000
0.000
0.000

p2~"p2 CA”"CA BA™"BA pi~"pi p~"CAct pi“BAp CAct”c BAp~“cn BAp~CA

congru="congru2
congru="congru3
pi="pi2
CAact="CAact2
CAact="CAact4
BAp="BAp2
BAp="BAp3
congrul”™“congrul
congru2” “congru2
congru3”~congru3
CAactl1”"CAactl
CAact2”"CAact2
CAact4”"CAact4d

BAp1™"BApl

BAp2~~“BAp2

BAp3~"BAp3

pil~"pil

pi2~"pi2 0.005

CAact™"CAact 0.000 0.009

BAp~“BAp 0.000 0.000 O.

pi~"pi 0.002 0.000 O

pi~CAact 0.000 -0.002 -0

pi“BAp 0.000 0.000 O

CAact”congru 0.000 0.000 O

BAp~congru 0.000 0.001 O

BAp~CAact 0.000 -0.002 O

congru” “congru 0.000 0.000 O
cngr™”

congru="congru2
congru="congru3
pi="pi2
CAact="CAact2
CAact="CAact4
BAp="BAp2
BAp="BAp3
congrul™“congrul
congru2”~congru?2
congru3” ~congru3
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006

.000
.001
.000
.000
.001
.000
.000

O O O O O

.009
.001
.001
.000
.000
.000
.000

.012
.009
.001
.001
.002
.000

0.

010

0.000 0.005
0.000 0.007
-0.001 -0.001 -0.005 0.008
0.000 -0.004 -0.001

0.

001

0.000



CAact1™"CAactl
CAact2”"CAact2
CAact4”"CAact4
BAp1~~BAp1l
BAp2~~“BAp2
BAp3~~"BAp3
pil~"pil
pi2~"pi2
CAact™"CAact
BAp~"BAp
pi~"pi
pi~CAact
pi~“BAp
CAact™congru
BAp~congru
BAp~CAact
congru” ~congru 0.034

7232 ZA2AF} SLoche AGRYH ATRYS H]

fix.coeffi <- '

# latent variables

congru =" congrul + congru2 + congru3
pi =~ pil + pi2 # pi3 =<

CAact =~ CAactl + CAact2 + CAact4 # CAact3 *<
BAp =" BApl + BAp2 + BAp3 # BAp4 *1<
# variances

congrul~~congrul

congru2”~congru2

congru3”~ “congru3

CAact1™"CAactl

CAact2™~CAact2

CAact4~"CAact4

BAp1~~"BAp1

BAp2~~BAp2

BAp3~"BAp3

pil~"piil

pi2~"pi2

CAact™"CAact

BAp~~"BAp

pi~"pi

# regressions

pi~a*CAact+a*BAp # Clact<l BAp=2l 2 IFe 3%
CAact “congru

BAp~congru+CAact

B N I T T S S N A S S O S S Y
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+ 1
> fix.coeffi.model <- sem(fix.coeffi, data=ch10.ex1, likelihood="wishart")
> summary(fix.coeffi.model, fit.measures=TRUE, standardized=TRUE)

lavaan (0.5-9) converged normally after 43 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 85.151
Degrees of freedom 40
P-value 0.000

Chi-square test baseline model:

Minimum Function Chi-square 2008.334
Degrees of freedom 55
P-value 0.000

Full model versus baseline model:

Comparative Fit Index (CFI) 0.977
Tucker-Lewis Index (TLI) 0.968

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -2967.236
Loglikelihood unrestricted model (H1) -2924.455
Number of free parameters 26
Akaike (AIC) 5986.473
Bayesian (BIC) 6073.249
Sample-size adjusted Bayesian (BIC) 5990.868

Root Mean Square Error of Approximation:

RMSEA 0.074
90 Percent Confidence Interval 0.052 0.095
P-value RMSEA <= 0.05 0.038

Standardized Root Mean Square Residual:
SRMR 0.038

Parameter estimates:

o1



Information
Standard Errors

Latent variables:
congru ="
congrul
congru2
congru3
pi ="
pil
pi2
CAact =~
CAactl
CAact2
CAactd
BAp =~
BAp1
BAp2
BAp3

Regressions:

pi ”~
CAact
BAp

Chact ~
congru

BAp ~
congru
CAact

(a)
(a)

Variances:
congrul
congru2
congru3
CAactl
CAact2
CAactd
BAp1
BAp2
BAp3
pil
pi2
Chact
BAp
pi

Estimate

1.000
1.077
1.063

1.000
0.962

1.000
0.955
0.943

1.000

1.048
1.023

0.520
0.520

0.654

0.225
.635

o

.B79
.554
.423
377
.368
.483
.307
.312
.357
.216
.423
.692
.631
.667

O OO OO OO OOOOoO oo Oo

Std.

o

O OO O OO OO OO OO OO Oo

err

.074
.071

.050

.058
.061

.052
.053

.034
.034

.071

.079
.085

.077
.080
.070
.055
.052
.061
.044
.046
.049
.069
.074
.100
.076
.096

92

Z-value

14.525
15.014

19.048

16.516
15.450

20.142
19.418

15.096
15.096

9.267

2.853
7.478

Expected
Standard

P(>lzl)

0.000
0.000

0.000

0.000
0.000

0.000
0.000

0.000
0.000

0.000

0.004
0.000

Std.1lv

1.150
1.238
1.222

1.381
1.328

1.121
1.071
1.058

1.163

1.218
1.190

0.422
0.438

0.670

0.223
.612

o

.579
.554
.423
377
.368
.483
.307
.312
.357
.216
.423
.551
.393
.349

O OO OO OO OOO OO oo

Std.

o

o

O OO O O OO0 OO O OO Oo

all

.834
.857
.883

.948
.898

877
.870
.836

.903
.909
.894

.422
.438

.670

.223
.612

.305
.265
.221
.231
.243
.302
.185
.174
.201
.102
.193
.551
.393
.349



congru 1.322 0.185 1.000

AT o] 5L fit.check.modelo] 2t o3ty £A4-& AF ATt pi(F-
o] £ )] 3G w X = CAact(2H] A} ) )2} BAp(E A=
2oE M o2 FASY I AlFole< agtal 290 o] €A B
3 9] o] £ & fix.coeffimodel &2 X AT} o] A3} AR Y=
HEo (a)ghs Alg o]0 BodxAdL) ol d A2A S FAE= v
2 WsE zheth

o A3 % (degree of freedom)2] & 7}: 10] S 714 400] ).

e chi-square”} 3.84(-F 2] <= 0.059 A 10] Zt&= F) S7Fsit}

724 AYFEH, HHEH, 322 $EH
> summary(fit.check.model, standardized=TRUE)

lavaan (0.5-9) converged normally after 43 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 79.751
Degrees of freedom 39
P-value 0.000

Parameter estimates:

Information Expected
Standard Errors Standard

Estimate Std.err Z-value P(Clzl) Std.1lv Std.

Latent variables:

congru ="
congrul 1.000 1.150
congru? 1.076 0.074  14.528 0.000 1.238
congru3 1.063 0.071 15.026 0.000 1.222
pi ="
pil 1.000 1.386
pi2 0.955 0.050 19.199 0.000 1.324
ChAact =~
CAactl 1.000 1.115
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all

.834
.857
.883

.951
.895
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CAact2 0.951 0.058 16.332 0.000 1.061

CAact4 0.945 0.061 15.392 0.000 1.054
BAp =~
BAp1 1.000 1.175
BAp2 1.037 0.051  20.302 0.000 1.218
BAp3 1.013 0.052 19.561 0.000 1.190
Regressions:
pi~
CAact 0.764 0.111 6.869 0.000 0.615
BAp 0.292 0.100 2.907 0.004 0.247
ChAact ~
congru 0.658 0.070 9.413 0.000 0.678
BAp ~
congru 0.206 0.081 2.546 0.011 0.202
CAact 0.661 0.088 7.483 0.000 0.627
Variances:
congrul 0.578 0.077 0.578
congru2 0.555 0.080 0.555
congru3d 0.423 0.070 0.423
Chactl 0.369 0.053 0.369
CAact2 0.390 0.053 0.390
CAact4 0.493 0.061 0.493
BAp1 0.297 0.044 0.297
BAp2 0.312 0.047 0.312
BAp3 0.357 0.049 0.357
pil 0.202 0.068 0.202
pi2 0.436 0.073 0.436
CAact 0.671 0.097 0.540
BAp 0.543 0.077 0.394
pi 0.631 0.095 0.329
congru 1.323 0.185 1.000

lavaan- she] A0 & W R E3 AT 3 AT A H 8
I EE2 IS AL A] 2=t <Regressions>of 31 G5t 3HES Etﬂ/ﬂ Al
Abeffuiof sttt A BN st AP AdE = AolBE A e 3
3 ok R E A= ST 2 AP A5 FA () she] Alskso
T8 = P8 HHERS FACE ALbsioh

A EHe} 2 37E parameters2 A &) 5Fod A4l @%F%ﬂ
Pﬂ§ﬂ1MHNUd°qyﬂmmmMmeﬂ4 T Stk SHA|RE, o] &4k
Zo Azrgo rxuA Al AL parametersS ﬂJﬂﬂ}ﬂﬂ%W

(

7.2.5 Squared Multiple Correlations

> inspect(fit.check.model, "rsquare")
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.862
.832

.907
.909
.894

.615
.247

.678

.202
.627

.304
.266
.221
.229
.258
.307
77
.174
.201
.095
.199
.540
.394
.329
.000



congrul congru2  congru3 CAactil CAact2 CAactéd BAp1l

BAp2

0.6959135 0.7341082 0.7792426 0.7709936 0.7424415 0.6926740 0.8230603 0.8264235

BAp3 pil pi2 CAact BAp pi
0.7987466 0.9046770 0.8007595 0.4603486 0.6062420 0.6714253

B A A3} Fo) 4] CAact(0.4603486), BAp(0.6062420), pi(0.6714253)< ©] 3l
2} CAact(& ¥ AL Bl £ )= 23 ol A congru( L A1) ol A et F3FE =
T2 31 congrut predictor(FHH 5, AP A7) o], CAact+= ¥HS
FE )2l Zolt) CAact(0.4603486)2 CAact™congru Abe] 2] 37 & 4
ot} ok, BAp(EAE El =)= congru(€ X A)3 CAact(£ 1] A} Bl =)

tot). o] Z7]7F BAp(0.6062420)¢1 A o] T}, pi(0.6714253) pis
St 3 ARA Y AW (r-squared) gholth
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Chapter 8

Nonrecursive %X

3, 5

23 2 Higher-order
B A
T 71

1 S ) =]
8.1 Nonrecursive 2.8 2] E A

8.1.1 dataset

> data(ch10.ex1)

> str(ch10.ex1)

'data.frame':

©“

P H P P P PO P P P P PP PP

CAactl :
CAact2 :
CAact3 :
Chact4d :
congrul:
congru2:
congru3:
: int
: int
: int
: int

BAp1
BAp2
BAp3
BAp4
piil
pi2
pi3
bk

int
int
int
int
int
int
int

: int
: int
: int
: int

N DD R, P WOWDNDNDNDNDNNDMDNDWOOR -
gOd o1ToTwWwwWwwWwwWwd DN R NN
G O1T OO WNWWWPPEPNDNDNDW
D OOOOOWWWWOo oo wwww
GO O AN DNNNDSPDPERENDNDWW
[0 I S O T T T S SN S e e e

208

obs.

of 15
-21 -2
-11-2
-21 -2
-11-2
0314
2314
1313
-2 3 -2
-3 3 -3
-23 -1
-2 3 -2
0325
0315 .
0315 .
5313.

96

variables:
3 ...

w N W

W~ NN

2
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o
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8.1.3
8.1.3.1

non.re
congru

+ + + VvV

Clact=
BAp="BAp1+BAp2+BAp3

congrul

congru2 congru3

BApl  BAp2  BAp3

pil

CAactl CAact2 CAactd

Figure 8.1: non-recursive 2258 o1

# non-recursive model

cursivel <- '

="congrul+congru2+congru3
“CAact1+CAact2+CAact4

Lecho ”digraph non_recursive { node [style=filled, color="cadetblue”, shape=circle]; congru;
BAp; CAact; PI; node [style=filled, color="darkolivegreenl” shape=box]; congrul; congru2;
congru3; CAactl; CAact2; CAact4; pil; pi2; BApl; BAp2; BAp3; congru->congrul; congru-
congru->congru3; CAact->CAactl; CAact->CAact2; CAact->CAactd; PI->pil
PI->pi2 BAp->BApl BAp->BAp2 BAp->BAp3 congru->CAact congru->BAp CAact->BAp

>congru2;

PI->CAact

2echo "digraph non_recursive { node [style=filled, color="cadetblue”, shape=circle]; congru;
BAp; CAact; PI; node [style=filled, color="darkolivegreen1”,shape=box]; congrul; congru2;
congru3; CAactl; CAact2; CAact4; pil; pi2; BApl; BAp2; BAp3; congru->congrul; congru-
congru->congru3; CAact->CAactl; CAact->CAact2; CAact->CAact4; PI->pil
PI->pi2 BAp->BApl BAp->BAp2 BAp->BAp3 congru->CAact congru->BAp CAact->BAp

>congru2;

PI->CAact

CAact->PI BAp->PI }” | dot -Tpng >ch10.ex1.one.png

BAp->PI }” | dot -Tpng >ch10.ex1.two.png

o7



congru2

congrul congru3

BAplL

BAp2  BAp3

pil

CAactl CAact2 CAact4

Figure 8.2: non-recursive 22X 8 9|2

+ pi="pil+pi2

+ congrul”“congrul
+ congru2”“congru2
+ congru3”~“congru3
+ CAactl1~"CAactl

+ CAact2”"CAact2

+ CAact4~"CAact4

+ BAp1~"BAp1

+ BAp2~"BAp2

+ BAp3~"BAp3

+ pil~"pil

+ pi2~"pi2

+ CAact™"CAact

+ BAp~"BAp

+ pi~"pi

+ CAact~congru+pi

+ BAp~congru+CAact
+ pi~CAact+BAp

+ !

>
>

non.recursive.modell <- sem(non.recursivel, data=ch10.ex1, likelihood="wishart")
summary(non.recursive.modeli, fit.measures=TRUE, standardized=TRUE)

lavaan (0.5-9) converged normally after 55 iterations

Number of observations 208
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Estimator

Minimum Function Chi-square
Degrees of freedom

P-value

Chi-square test baseline model:
Minimum Function Chi-square
Degrees of freedom
P-value

Full model versus baseline model:

Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

74.

2008.

-2961

5979.
6072.
5984.

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter estimates:

Information
Standard Errors

Estimate Std.err 2Z
Latent variables:

congru ="
congrul 1.000
congru2 1.072 0.074

99

-value

ML
170
38

.000

334
55

.000

.981
.973

.719
-2924.

455

28
439
890
172

.068
0.044 O.
.100

090

.030

Expected
Standard

14.445 0.

PC>lzl)

000

Std.1lv Std.all

1.149
1.232

0.833
0.853



congrud
CAact =~
CAactl
CAact2
CAactéd
BAp =~
BAp1
BAp2
BAp3
pi ="
pil
pi2

Regressions:

CAact ~
congru
pi

BAp ~
congru
CAact

pi ~
CAact
BAp

Variances:
congrul
congru2
congrud
CAactl
CAact2
CAact4d
BAp1
BAp2
BAp3
pil
pi2
CAact
BAp
pi
congru

8.1.3.2

Ry B4

.070

.000

0.956

.944
.000
.038
.012

.000

0.953

o

P O OFr,r OO0OO0OO0OO0OO0OO0OO0OO0OOoOOo

> # non-recursive model

> non.recursive2 <-

.032
.496

.172
.725

.944
.275

.581
.569
.408
.368
.378
.493
.296
.310
.359
.199
.439
.533
.545
.696
.319

(@]

O OO O OO OO0 OO OoO oo

.071

.058
.061

.051
.052

.049

.264
.314

.081
.091

.140
.109

.077
.080
.069
.054
.052
.062
.044
.046
.049
.066
.072
.742
.078
.113
.185
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15.

16
15

20.
19.

19

112

.449
.366

342
544

.351

.909
.77

.136
.948

. 747
.532

.000

.000
.000

.000
.000

.000

.000
.115

.033
.000

.000
.011

o

P O OFr,r OO0OO0OO0OO0OO0OO0OO0OOOoOOo

.229

.116
.067
.053

.175
.219
.189

.388
.322

.062
.616

.168
.688

.759
.233

.581
.569
.408
.368
.378
.493
.296
.310
.359
.199
.439
.231
.395
.362
.000

(@]

P O O P, OO OO0 O0O0OO0O O OoOOo

.887

.879
.866
.832

.908
.910
.893

.952
.894

.062
.616

.168
.688

.759
.233

.306
.273
.213
.228
.249
.308
.176
.172
.202
.094
.201
.231
.395
.362
.000



congru="congrul+congru2+congru3
CAact="CAact1+CAact2+CAact4
BAp="BAp1+BAp2+BAp3
pi="pil+pi2
congrul~~congrul
congru2”~congru?2
congru3~ “congru3
CAact1~~CAactl
CAact2”"CAact2
CAact4~"CAact4
BAp1~~BAp1
BAp2~~BAp2
BAp3~"BAp3

pil~"pil

pi2~"pi2
CAact™"CAact
BAp~~"BAp

pi~"pi
CAact“congru+pi
BAp~congru+CAact
pi“BAp

non.recursive.model2 <- sem(non.recursive2, data=ch10.ex1, likelihood="wishart")
summary(non.recursive.mode12, fit.measures=TRUE, standardized=TRUE)

VV A+ + ++ 4+ o+t o+t o+ o+

lavaan (0.5-9) converged normally after 45 iterations

Number of observations 208
Estimator ML
Minimum Function Chi-square 107.959
Degrees of freedom 39
P-value 0.000

Chi-square test baseline model:

Minimum Function Chi-square 2008.334
Degrees of freedom 55
P-value 0.000

Full model versus baseline model:

o

Comparative Fit Index (CFI) .965
Tucker-Lewis Index (TLI) 0.950

Loglikelihood and Information Criteria:
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Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters
Akaike (AIC)
Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA

90 Percent Confidence Interval

P-value RMSEA <= 0.05

0.0

Standardized Root Mean Square Residual:

SRMR

Parameter estimates:

Information
Standard Errors

Estimate
Latent variables:
congru ="
congrul 1.000
congru? 1.085
congru3 1.064
Chact ="~
CAactl 1.000
CAact2 0.960
CAact4 0.946
BAp =~
BAp1 1.000
BAp2 1.038
BAp3 1.018
pi ="
pil 1.000
pi2 0.970
Regressions:
Chact ~
congru 0.348
pi 0.410

Std.

err

.075
.072

.061
.064

.053
.053

.052

.061
.059

62

Z-value

14.
14.

459
821

15.779
14.746

19.687
19.162

18.701

5.724
6.929

-2978.
-2924.

696
455

27
391
505
955

6011.
6101.
6015.

o

.092
72 0.113
0.001

0.075

Expected
Standard

P(>lzl)

0.000
0.000

0.000
0.000

0.000
0.000

0.000

o

.000
0.000

Std.1lv

1.145
1.243
1.219

1.079
1.036
1.022

1.154
1.198
1.175

1.365
1.324

o

.369
0.519

Std.

o

all

.831
.860
.880

.872
.862
.825

.901
.904
.892

.942
.900

.369
.519



BAp ~

congru 0.475 0.086 5.541 0.000 0.471
CAact 0.296 0.108 2.747 0.006 0.277
pi~
BAp 0.788 0.078 10.067 0.000 0.666
Variances:
congrul 0.588 0.078 0.588
congru? 0.542 0.080 0.542
congru3 0.431 0.071 0.431
CAact1l 0.369 0.055 0.369
CAact2 0.370 0.053 0.370
CAact4 0.489 0.062 0.489
BAp1 0.307 0.044 0.307
BAp2 0.322 0.047 0.322
BAp3 0.354 0.049 0.354
pil 0.237 0.070 0.237
pi2 0.413 0.074 0.413
CAact 0.416 0.069 0.357
BAp 0.602 0.097 0.452
pi 0.857 0.119 0.460
congru 1.312 0.185 1.000
82 oy mye] 24
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1 dataset

> ch15.ex1 <- spss.get(file="ch-15-ex1.sav")
> str(ch15.ex1)

'data.frame': 96 obs. of 16 variables:
$ tlesl: int 4 354444454 .
$ tles2: int 4344454445,
$ tles3: int 4455444445 .
$ tlsql: int 4453444555 .
$ tlsqg2: int 4254554555 .
$ tlcsl: int 4453554555 .
$ tlcs2: int 4354455555 .
$ tlcs3: int 4354555555 .

[}
w

H O O OO O0OO0OO0OO0OO0OOO0OOoOOoOOo

.471
277

.666

.310
.260
.225
.240
.256
.319
.187
.183
.204
.113
.191
.357
.452
.460
.000



$ t2esl: int 4535434444
$ t2es2: int 3433223335
$ t2es3: int 4525433434
$ t2sql: int 4445445455
$ t2sq2: int 3443543445
$ t2csl: int 4443344445
$ t2cs2: int 4344344434
$ t2cs3: int 3443334435

> save(ch15.ex1, file="chlb5.ex1.RData")

o AP U= -> 00es
o Au]x =4 -> 00sq

o UAT=E _> (00cs

8.2.2 7 & Z¥(path diagram)

8.23 RY X Ay
LA

8.2.3.1 X1

> #longitudinal modell

> longitudinall <- '

+ # latent variables

+ tles ="tlesl+tles2+tles3
+ tlcs ="tlcsl+tics2+tlcs3
+ tlsq ="tlsql+tisq2

+ t2sq ="t2sql+t2sq2

3echo “digraph longitude { node [style=filled, color="cadetblue”, shape=circle]; t1les; t1sq;
tlecs; node [style=filled, color="blue”, shape=circle]; t2es; t2sq; t2cs; tles->t1sq; t1sq->tlcs;
t2es->t2sq; t2sg->t2cs; t1sq->t2sq; tles->t2es; tles->t2cs }7 | dot -Tpng >chl5.ex1.four.png

4echo “digraph longitude { node [style=filled, color="cadetblue”, shape=circle]; tles;
t1sq; tlcs; node [style=filled, color="blue”, shape=circle|; t2es; t2sq; t2cs; node [style=filled,
color="darkolivegreen1” shape=box]; tlesl; tles2; tles3; tlsql; tlsq2; tlcsl; tlcs2; tlcs3;
node [style=filled, color="green”,shape=box]|;t2esl; t2es2; t2es3; t2sql; t2sq2; t2csl; t2cs2;
t2cs3; tles->tlesl; tles->tles2; tles->tles3; tlsq->tlsql; tlsq->tlsq2; tlcs->tlesl; tlcs-
>tlcs2; tles->tles3; t2es->t2esl; t2es->t2es2; t2es->t2es3; t2sq->t2sql; t2sq->t2sq2; t2cs-
>t2csl; t2cs->t2c¢s2; t2cs->1t2cs83; tles->t1sq; t1sq->tlcs; t2es->t2sq; t2sq->t2cs; t1sq->1t2sq;
tles->t2es; tlcs->t2cs; “tlesl™:e->"t2esl”:e[dir="both”]; "tles2”:e->"t2es2”:e[dir="both”];
"t1es3”:e->"t2es3":e[dir="both”]; "t1sql”:e->"t2sql”:e[dir="both"]; ’t1sq2”:e-
>"t2sq2”:e[dir="both”]; "tlcsl”:e->"t2cs1”:e[dir="both”]; “tlcs2”:e->"t2cs2”:e[dir="both”];
"t1cs3”:e->"t2¢s3”:e[dir="both”] }” | dot -Tpng >chl5.ex1.three.png
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Figure 8.4: £ Model®] =32 ¢]|(Graphviz)

t2cs ="t2csl+t2cs2+t2cs3
t2es ="t2esl+t2es2+t2es3
# regression
t2cs~t2sq+tics

tlcs"tlsq

tlsq~tles

t2sq t2es+t1sq

t2es"tles

#covariances
tlesl1™"t2esl
tles2”"t2es2
tles3”"t2es3
t1sql1”"t2sql
t1sq2~"t2sq2
tlcsl1™"t2cs1
tlcs27"t2cs2
t1cs3”"t2cs3

# variances

tlsq~"tlsq
tlcs™"tlcs
t2cs™"t2cs
t2sq~"t2sq
t2es”"t2es

longitude.modell <- cfa(longitudinall, data=ch15.ex1, likelihood="wishart")
summary (longitude.modell, fit.measures=TRUE, standardized=TRUE)

VV A+ 4+ +++++F+++F A+t

lavaan (0.5-9) converged normally after 72 iterations
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Number of observations

Estimator

Minimum Function Chi-square
Degrees of freedom

P-value

Chi-square test baseline model:
Minimum Function Chi-square
Degrees of freedom
P-value

Full model versus baseline model:

Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter estimates:

Information
Standard Errors

Estimate Std.err Z-value

Latent variables:

67

173.

940.

-1261.
-1173.

2616.
2737 .
2588.

96

ML
788
89

.000

222
120

.000

.897
.861

274
465

47
548
072
673

.100
0.077 O.
.000

122

.109

Expected
Standard

PC>lzl)

Std.lv Std.all



tles =
tlesl
tles2
tles3
tlcs ="
tlcsl
tlcs2
tlcs3
tlsq ="
tlsql
tlsq2
t2sq ="
t2sql
t2sq2
t2cs ="
t2csl
t2cs2
t2cs3
t2es ="
t2esl
t2es2
t2es3

Regressions:
t2cs ~
t2sq
tlcs
tlcs ~
tlsq
tlsq ~
tles
t2sq ~
t2es
tlsq
t2es ~
tles

Covariances:
tlesl ~~
t2esl
tles2 7~
t2es2
tles3 77
t2es3
tlsql 7
t2sql

[

.000
.046

0.737

[y

.000
.002
.853

.000
.996

.000
.492

.000

0.788

.234

.000

0.517

.342

.249
.148

.701

.172

.262
.120

.026

.010

.000

.033

.000

.184
.181

.073
.072

.115

.304

.103
.102

.143
.247

.266
.082

.093

.207

.087
.064

.133

.027

.041

.038

.028

68

13

.684
.078

.731
11.

907

.663

.914

.646
.113

.624
.436

.699
.801

.502

.661

3.009

.872

.199

.354

.006

.889

.016

.000
.000

.000
.000

.000

.000

.000
.000

.000
.000

.000
.072

.000

.000

.003
.061

.843

.723

.995

.374

.987

o O

.500
.523
.368
.630
.631
.537

.694
.691

.356
.5631

.560
.441
.691
.546

.283
.733

.794
.167

772

.844

.403
.234

.024

.010

.000

.033

.000

.725
.704
.479
.906
.914
.854

.867
.802

577
.823

.882
.665
.941
.T73

.386
.934

.794
.167

L7772

.844

.403
.234

.024

.045

.001

.176

.002



tlsq2 *~

t2sq2 0.002 0.029 0.068 0.946 0.002
tlcsl 7~
t2csl -0.003 0.013 -0.245 0.806 -0.003
tlcs2 77
t2cs2 0.046 0.019 2.423 0.015 0.046
tlcs3 77
t2cs3 -0.015 0.014 -1.036 0.300 -0.015
Variances:
tlsq 0.138 0.059 0.287
tlcs 0.161 0.037 0.405
t2cs 0.122 0.038 0.389
t2sq 0.099 0.037 0.786
t2es 0.298 0.082 0.999
tlesl 0.225 0.047 0.225
tles2 0.278 0.055 0.278
tles3 0.456 0.072 0.456
tlcsl 0.087 0.020 0.087
tlcs2 0.079 0.019 0.079
tlcs3 0.107 0.020 0.107
tlsql 0.158 0.042 0.158
tlsq2 0.266 0.053 0.266
t2sql 0.253 0.042 0.253
t2sq2 0.134 0.046 0.134
t2csl 0.089 0.021 0.089
t2cs2 0.246 0.038 0.246
t2cs3 0.061 0.027 0.061
t2esl 0.201 0.057 0.201
t2es2 0.457 0.068 0.457
t2es3 0.079 0.088 0.079
tles 0.250 0.069 1.000
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Secho “digraph longitude { node [style=filled, color="cadetblue”, shape=circle]; tles;
t1sq; tles; node [style=filled, color="blue”, shape=circle|; t2es; t2sq; t2cs; node [style=filled,
color="darkolivegreen1” ,shape=box]; tlesl; t1es2; t1les3; t1sql; t1sq2; t1lcsl; tles2; tles3; node
[style=filled, color="green” shape=box];t2esl; t2es2; t2es3; t2sql; t2sq2; t2csl; t2cs2; t2cs3;
tles->tlesl; tles->tles2; tles->tles3; tlsq->tlsql; tlsq->tlsq2; tles->tlesl; tlcs->tlces2;
tles->tles3; t2es->t2esl; t2es->t2es2; t2es->t2es3; t2sq->t2sql; t2sq->t2sq2; t2cs->t2csl;
t2cs->t2cs2; t2cs->12¢83; tles->tlsq [ label = 7a” |; tlsg->tlcs [ label = 7b” ]; t2es->t2sq
[ label = 7a” ]; t2sq->t2cs [ label = "b” |; tlsq->t2sq; tles->t2es; tlcs->t2cs; "tlesl”:e-
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.010

.036

.329

.182

. 287
.405
.389
.786
.999
.474
.504
771
.180
.165
.271
.248
.357
.667
.322
.221
.558
.114
.402
.851
.129
.000



+ + + +++F+ A+ FAEFFF VY

Figure 8.5: XA H FAZAFE F713 T 23

#longitudinal model2
longitudinal2 <- '

# latent variables

tles ="tlesl+tles2+tles3
tlcs ="tlcsl+tlcs2+tlcs3
tlsq ="t1sql+t1sq2

t2sq ="t2sql+t2sq2

t2cs ="t2cs1+t2cs2+t2cs3
t2es ="t2esl+t2es2+t2es3
# regression 2 & 7|+ % a, b® 27 2 I et
t2cs“b*t2sq+tics

tics b*tlsq

tlsq~ax*tles

t2sq a*t2es+tlsq
t2es"tles

#covariances
tlesl1”"t2esl
tles2”"t2es2
tles3”"t2es3
tlsql™"t2sql

>"t2es1”:e[dir="both”]; “tles2”:e->"t2es2”:e[dir="both”]; “tles3”:e->"t2es3":e[dir="both”];

7t1sql”:e->"t2sql”:e[dir="both”];

7t18q27:e->"12sq2”:e[dir="both"[; "t1cs1”:e-

>"t2cs1”:e[dir="both”]; "tlcs2”:e->"t2cs2”:e[dir="both”]; "t1lcs3”:e->"t2cs3”:e[dir="both”]
}’ | dot -Tpng >chl5.ex1.five.png
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t1sq2”"t2sq2

tlcs1”"t2cs1

tlcs27"t2cs2

t1cs37"t2cs3

# variances

tlsq~"tlsq

tlcs™"tics

t2cs™"t2cs

t2sq~"t2sq

t2es”"t2es

longitude.model2 <- cfa(longitudinal2, data=chl15.ex1, likelihood="wishart")
summary(longitude.mode12, fit.measures=TRUE, standardized=TRUE)

VV A+ o+ o+ o+t o+ o+ o+ o+

lavaan (0.5-9) converged normally after 68 iterations

Number of observations 96
Estimator ML
Minimum Function Chi-square 192.782
Degrees of freedom 91
P-value 0.000

Chi-square test baseline model:

Minimum Function Chi-square 940.222
Degrees of freedom 120
P-value 0.000

Full model versus baseline model:

Comparative Fit Index (CFI) 0.876
Tucker-Lewis Index (TLI) 0.836

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -1270.871
Loglikelihood unrestricted model (H1) -1173.465
Number of free parameters 45
Akaike (AIC) 2631.741
Bayesian (BIC) 2747.137
Sample-size adjusted Bayesian (BIC) 2605.053

Root Mean Square Error of Approximation:
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RMSEA

90 Percent Confidence Interval

P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:

SRMR

Parameter estimates:

Information
Standard Errors

Estimate
Latent variables:
tles =~
tlesl 1.000
tles2 0.923
tles3 0.543
tlcs =~
tlcsl 1.000
tlcs2 0.995
tlcs3 0.848
tlsq ="
tlsql 1.000
tlsq2 1.167
t2sq ="
t2sql 1.000
t2sq2 1.066
t2cs ="
t2csl 1.000
t2cs2 0.795
t2cs3 1.259
t2es ="
t2esl 1.000
t2es2 0.625
t2es3 1.488
Regressions:
t2cs ~
t2sq (b) 0.847
tlcs -0.118
tlcs ~
tlsq (b) 0.847
tlsq ~
tles (a) 0.624

Std.

err

.164
.152

.073
.072

.151

.148

.102
.098

.162
.242

.096
.081

.096

.099

72

0.108

0.087 0.129
0.000

0.127

Expected
Standard
Z-value P(C>lzl)
5.623 0.000
3.566 0.000
13.560 0.000
11.742 0.000
7.720 0.000
7.218 0.000
7.815 0.000
12.843 0.000
3.847 0.000
6.144 0.000
8.818 0.000
-1.453 0.146
8.818 0.000
6.297 0.000

Std.1lv

o

o

o O

.584
.539
.317

.619
.615
.525

.570
.665

.515
.549

.565
.449
711
.487

.304
.725

L7772
.129

.780

.639

Std.

(@]

all

.813
727
.411

.901
911
.850

.786
.807

.732
.808

.882
.669
.948
.728

.415
.919

L1772
.129

.780

.639



t2sq ~
t2es
tlsq
t2es ~
tles

Covariances:
tlesl 7~
t2esl
tles2 77
t2es?2
tles3 77
t2es3
tlsql *~
t2sql
tlsq2 ~~
t2sq2
tlcsl ~~
t2csl
tlcs2 77
t2cs2
tlcs3 77
t2cs3

Variances:
tlsq
tlcs
t2cs
t2sq
t2es
tlesl
tles2
tles3
tlcsl
tlcs2
tlcs3
tlsql
tlsqg2
t2sql
t2sq2
t2csl
t2cs2
t2cs3
t2esl
t2es2
t2es3

(a)

o

O OO OO OO ODODOOOOOOOO OO OO o

.624
.179

.001

.004

.016

.053

.007

.003

.002

.044

.015

.192
.150
.133
.162
.237
.174
.259
.494
.089
.078
.106
.201
.237
.230
.159
.091
.249
.057
211
.444
.097

O OO O OO OO ODIODODODODOOOOO OO OoOo

.099
.102

.103

.028

.040

.040

.029

.030

.013

.019

.014

.052
.038
.034
.044
.063
.056
.059
.076
.020
.019
.019
.043
.056
.044
.040
.021
.039
.027
.045
.067
.073
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.297
.752

.013

.131

.408

.308

.261

.112

.189

.345

.053

o

.000
.080

.990

.896

.683

L1901

.802

911

.850

.019

.292

o

O OO OO OO0 ODOOO0OOOOHH OO OO

.591
.198

.002

.004

.016

.053

.007

.003

.002

.044

.015

.591
.392
.418
.612
.000
.174
.259
.494
.089
.078
.106
.201
.237
.230
.159
.091
.249
.057
211
.444
.097

O OO O OO OO ODIODOODODODOOO OO OoOOo

.591
.198

.002

.019

.049

.240

.034

.017

.027

.318

.193

.591
.392
.418
.612
.000
.338
.471
.831
.188
.170
.278
.383
.349
.464
.346
.222
.5562
.101
.470
.828
.156



tles 0.341 0.083 1.000

8.2.3.3 =17} Ry2¢) 5y At W
e Mininum Function Chi-square: 173.788 vs. 192.782
e Degree of freedom: 89 vs. 91
e P-value: 0.000 vs. 0.000
e Comparative Fit Index (CFT): 0.897 vs. 0.876
e Tucker-Lewis Index (TLI): 0.861 vs. 0.836
e Root Mean Square Error of Approximation (RMSEA): 0.100 vs. 0.108
e Standardized Root Mean Square Residuals (SRMR): 0.109 vs. 0.127
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8.3 Higher-order 2§ 2] ¥4

8.3.1 Higher-order Zz]Q¢le] SARY BA - cfa()°

> ch15.ex2 <- spss.get("ch-15-ex2.sav")
> str(ch15.ex2)

Secho "digraph higher_order2 { node [style=filled, color="cadetblue”, shape=circle]; A; AA;
AB; AC; node [style=filled, color="darkolivegreenl” ,shape=box]|; AA1l; AA2; AB1; AB2; AB3;
AC1; AC2; A->AA; A->AB; A->AC; AA->AAL; AA->AA2; AB->AB1; AB->AB2; AB-
>AB3; AC->AC1; AC->AC2 }” | dot -Tpng >ch15.ex2.one.png
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AAl AA2 ABl AB2 AB3 ACl AC2

axis}

Figure 8.6: higher-order Z 2 23 2] =3 o

'data.frame': 192 ob
$ AA1l: int
AA2: int
AB1: int
AB2: int
AB3: int
AC1: int
AC2: int

of 7 variables:
4 ...

n

WD N W W W
W W oA WO
N Wow D W
AR R A W N
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N W R W W W W
WwWwwwN N
OO N D P> oo,
G WD W
OO0 w o oo

$
$
$
$
$
$

higher.orderl <- '

# latent variables

A="AA+AB+AC

AA="AA1+AA2

AB="AB1+AB2+AB3

AC="AC1+AC2

# variances

AAT"AA

AB~"AB

AC™~AC

AA1~TAAL

AA277AA2

AB1~"AB1

AB2~"AB2

AB3~~AB3

AC1~~AC1

AC27~AC2

higher.modell <- cfa(higher.orderl, data=ch15.ex2, likelihood="wishart")
summary (higher.modell, fit.measures=TRUE, standardized=TRUE)

VV A+ A+ +++++F++F A+t +V

lavaan (0.5-9) converged normally after 31 iterations

Number of observations 192

()



Estimator

Minimum Function Chi-square
Degrees of freedom

P-value

Chi-square test baseline model:
Minimum Function Chi-square
Degrees of freedom
P-value

Full model versus baseline model:

Comparative Fit Index (CFI)
Tucker-Lewis Index (TLI)

Loglikelihood and Information Criteria:

Loglikelihood user model (HO)
Loglikelihood unrestricted model (H1)

Number of free parameters

Akaike (AIC)

Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA
90 Percent Confidence Interval
P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:
SRMR

Parameter estimates:

Information
Standard Errors

Estimate Std.err Z-value

Latent variables:
A ="
AA 1.000

76

47.

707.

-1576.
-1553.

3187.
3243.
3189.

o

ML
239
11

.000

655
21

.000

.947
.899

814
070

17
627
005
154

.131
0.094 0.
.000

170

.054

Expected
Standard

PC>lzl)

Std.1lv Std.all

0.910

0.910



AB 0.919 0.094 9.749 0.000 0.960

AC 0.598 0.066 9.097 0.000 0.700
AA ="
AA1 1.000 0.993
AA2 0.506 0.079 6.417 0.000 0.503
AB =~
AB1 1.000 0.866
AB2 0.930 0.084 11.134 0.000 0.805
AB3 0.745 0.095 7.872 0.000 0.645
AC =~
AC1 1.000 0.772
AC2 1.091 0.082 13.238 0.000 0.842
Variances:
AA 0.169 0.113 0.172
AB 0.059 0.058 0.079
AC 0.303 0.050 0.509
AA1 0.089 0.099 0.089
AA2 0.734 0.079 0.734
AB1 0.469 0.065 0.469
AB2 0.362 0.052 0.362
AB3 0.807 0.090 0.807
AC1 0.104 0.037 0.104
AC2 0.200 0.047 0.200
A 0.817 0.122 1.000

8.3.2 Higher-order 2] Q¢le] LR B X8

> ch15.ex3 <- spss.get("ch-15-ex3.sav")
> str(ch15.ex3)

'data.frame': 192 obs. of 15 variables:
$ BAl: int 4434434544,
$ BA2: int 3542332535,
$ BB1: int 3343332445 .
$ BB2: int 3434233445 .
$ BB3: int 2534413233.
$ BC1l: int 43444335565

TFe)BAGES A HdaHotok Bk AMOSS] ARG AAAS F BN Aol
1k,

8echo ”digraph higher_orderl { node [style=filled, color="cadetblue”, shape=circle]; A; B;
C; D; AA; BA; BB; BC; DA; node [style=filled, color="darkolivegreenl” shape=box]; AA1;
AA2; AB1; BA1l; BA2; BB1; BB2; BB3; BC1; BC2; AA->AA1; AA->AA2; A->AA; A->AB1;
A->B; B->BA; B->BB; B->BC; BA->BA1; BA->BA2; BB->BB1; BB->BB2; BB->BB3;
BC->BC1; BC->BC2; C->B; C->A; C->C1; C->C2; D->C; D->DA; D->DB1 DA->DA1;
DA->DA2 }” | dot -Tpng >chl5.ex3.one.png
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.960
.700

.958
.506

.784
.801
.583

.922
.883

.172
.079
.509
.083
.744
.385
.358
.660
.149
.220
.000



+ + + + ++F+++ A+t A+ VYV

hH P P B PO L H P

BA1 BA2 BB1 BB2 BB3 BC1

Figure 8.7: higher-order +x

BC2: int 3324423555
AAl: int 4424313543
AA2: int 3324312334
AB1: int 4323423534
Cl :int 4323233545
C2 :int 4315433545
DAl: int 4142412431
DA2: int 3524312431
DBl: int 3314333442

# higher-order sem
higher.order2 <- '
A="AA+AB1
AA="AA1+AA2
AATTAA

AB17"AB1

AA17TAAL

AA27AA2
B="BA+BB+BC
BA="BA1+BA2
BB="BB1+BB2+BB3
BC="BC1+BC2
BA17"BA1

BA~"BA

B™"B

BB~"BB

BC™"BC

BA27"BA2
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+ BB17"BB1

+ BB27"BB2

+ BB3”"BB3

+ BC17"BC1

+ BC2~"BC2

+ C™°C

+ B~A

+ C™B+A

+ C="C1+C2

+ C177°C1

+ C277°C2

+ D°C

+ D~°D

+ D="DA+DB1

+ DA™"DA

+ DA="DA1+DA2
+ DA17"DA1

+ DA27"DA2

+ DB1~"DB1

+ !

> higher.model2 <- sem(higher.order2, data=ch15.ex3, likelihood="wishart")
> summary(higher.model2, fit.measures=TRUE, standardized=TRUE)

lavaan (0.5-9) converged normally after 48 iterations

Number of observations 192
Estimator ML
Minimum Function Chi-square 194.333
Degrees of freedom 81
P-value 0.000

Chi-square test baseline model:

Minimum Function Chi-square 1914 .537
Degrees of freedom 105
P-value 0.000

Full model versus baseline model:

Comparative Fit Index (CFI) 0.937
Tucker-Lewis Index (TLI) 0.919

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -3320.986
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Loglikelihood unrestricted model (H1)

Number of free parameters
Akaike (AIC)
Bayesian (BIC)

Sample-size adjusted Bayesian (BIC)

Root Mean Square Error of Approximation:

RMSEA

90 Percent Confidence Interval

P-value RMSEA <= 0.05

Standardized Root Mean Square Residual:

SRMR

Parameter estimates:

Information
Standard Errors

Estimate
Latent variables:
A =~
AA 1.000
AB1 0.899
AA =7
AA1 1.000
AA2 1.365
B =~
BA 1.000
BB 0.917
BC 0.627
BA =~
BA1 1.000
BA2 0.573
BB =~
BB1 1.000
BB2 0.929
BB3 0.746
BC =~
BC1 1.000
BC2 1.082
c =~
C1 1.000

Std.

err

.113

.137

.078
.061

.076

.081
.093

.077

80

-3223.311

39

6719.972
6847.015
6723.475

0.085

0.070 0.101
0.000

0.050

Expected
Standard
Z-value P(>lzl)
7.930 0.000
9.983 0.000
11.787 0.000
10.255 0.000
7.535 0.000
11.415 0.000
7.998 0.000
13.991 0.000

Std.1lv

0.964
0.593

0.683
0.933

0.957
0.946
0.723

0.934
0.535

0.866
0.804
0.646

0.775
0.839

0.984

Std.

all

.964
.650

.696
.824

.957
.946
.723

.900
.538

.785
.800
.584

.926
.880

.900



DA
DB1
DA =~
DA1
DA2

Regressions:

Variances:
AA
AB1
AA1
AA2
BA1
BA
B
BB
BC
BA2
BB1
BB2
BB3
BC1
BC2

C1
Cc2

DA

DA1
DA2
DB1

.821

.000
.063

.000

0.911

.224

0.312

O OO OO OO OO ODODODOOOOO0OOO0OOO oo o

.033

LT79

.033
.481
.497
.413
.204
.074
.147
.079
.287
.701
.468
.364
.806
.100
.206
.085
.226
.276
.028
.531
.460
.427
.391
.434

O OO OO OO OO0 IODODODODOODODOOOOOOOOOo

.052

.121

.088

.151

.286
.424

.083

.041
.055
.060
.073
.074
.074
.061
.042
.046
.075
.063
.051
.089
.034
.044
.044
.036
.035
.044
.107
.099
.084
.064
.090

81

15

10

.889

.780

.399

.112

.092

2.438

.359

.000

.000

.000

.000

.275
.015

.000

.808

.733
.834

.071

0.976

P O O O OO0 O0OO0OO0ODO0ODO0ODO0OO0OO0OO0OO0OO0OO0OO0OO0OOoOOoOOo

.903

.283
.692

977

.070
.481
.497
.413
.204
.084
.184
.105
.478
.701
.468
.364
.806
.100
.206
.088
.226
.276
.046
.463
.460
.427
.391
.000

el eolNeolNolNeolNeolNolNolNololNolNolNolNolNolololNolNolNolNolNolNo]

.839

.733
.800

.845
.831

.903

.283
.692

977

.070
.578
.515
.322
.190
.084
.184
.105
.478
.710
.384
.360
.658
.142
.226
.088
.189
.297
.046
.463
.286
.310
.360
.000



Part 111

semTools
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o] RMR, GFI, NFI 5-o] it}
¥ 5 gk 9% WgE A%

AMOS AHE Aol Al 048 A= A5
B A5ghe AFdk: o)

SHAI R, lavaano Al = o2 g AFAHEE 22l
Eo] AlFHT semTools2] moreFitIndices()=
moreFitIndices(cfa.model.modi2)

& A semTools= SweaveS E3|A] 282 4+ gch

> library(semTools)
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Part 1V

SEe1n
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9.1 cfa()

lavaan 3 7] 2] & cfa()2} sem 3 7] 2] & cfa()v= 22 5™ 2ol &4
SE=8h sem? cfa()E AHEEH7] SlEA = HA lavaan 37| A& v R 27

B A1 A5l o s},

# ©°F=] 2t, detach(package:lavaan) gt4 °F ZtE °F= gFe <.
# 9 load Tt semTools 7f lavaan®l < Z °f 7 =H& °] <.

# lavaan sem2 cfa(), sem()° % & 2r=f. F =Nt gref.
library(sem)

vV V. VvV

cfa.model <- c('BAp: BApl, BAp2, BAp3, BAp4', 'CAact: CAactl, CAact2, CAact3, CAact4',
cfa.model <- cfa(file=textConnection(cfa.model), reference.indicators=FALSE)

cfa.Data <- ch10.ex1[, c('BAp1', 'BAp2', 'BAp3', 'BAp4', 'CAactl', 'CAact2', 'CAact3',
summary (sem(cfa.model, data=cfa.Data), robust=FALSE)

vV V. VvV

Model Chisquare = 168.05 Df = 71 Pr(>Chisq) = 7.6581e-10
Chisquare (null model) = 2647.4 Df = 91
Goodness-of-fit index = 0.90232

Adjusted goodness-of-fit index = 0.85554

RMSEA index = 0.08126 90% CI: (0.065455, 0.097194)
Bentler-Bonnett NFI = 0.93652

Tucker-Lewis NNFI = 0.95134

Bentler CFI = 0.96204

SRMR = 0.03196

AIC = 236.05

AICc = 181.8

BIC = 349.52

CAIC = -281.92

Normalized Residuals
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Min.

1st Qu.

Median

Mean 3rd Qu.
-1.06000 -0.18500 0.00082 0.03470 0.31500

R-square for Endogenous Variables

BApl  BAp2  BAp3  BAp4 Chactl
0.8168 0.8218 0.8083 0.3060
congru3 pil pi2 pi3
0.7830 0.8437 0.8583 0.7608
Parameter Estimates
Estimate

lam[BAp1:BAp] 1.17026 0.070530
lam[BAp2:BAp] 1.21503 0.072859
lam[BAp3:BAp] 1.19700 0.072778
lam[BAp4:BAp] 1.42826 0.169757
lam[CAactl:CAact] 1.11206 0.070861
lam[CAact2:CAact] 1.04341 0.070062
lam[CAact3:CAact]  1.07622 0.071225
lam[CAact4:CAact] 1.07831 0.071849
lam[congrul:congru] 1.15011 0.080474
lam[congru2:congru] 1.23398 0.083300
lam[congru3:congru] 1.22529 0.078367
lam[pil:pil 1.33873 0.078402
lam[pi2:pi] 1.37033 0.079083
lam[pi3:pi] 1.41588 0.090360
C[BAp,CAact] 0.76767 0.034555
C[BAp, congrul 0.62452 0.049226
C[BAp,pil 0.71413 0.039205
C[CAact,congru] 0.67577 0.045289
C[CAact,pil 0.78322 0.032748
Clcongru,pil 0.65892 0.046042
V[BAp1] 0.30709 0.043742
V [BAp2] 0.32022 0.046320
V[BAp3] 0.33975 0.047216
V [BAp4] 4.62672 0.468383
V[CAact1] 0.37626 0.049384
V[CAact?2] 0.42662 0.052038
V[CAact3] 0.42479 0.052703
V[CAact4] 0.43999 0.054143
V[congrul] 0.57781 0.076266
V[congru2] 0.56341 0.079688
V[congru3] 0.41616 0.068576
V[pi1] 0.33192 0.051002
V[pi2] 0.31003 0.050854
V[pi3] 0.63016 0.077900
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16

16.

16
8
15

14.
15.
15.
14.
14.

15
17

17.
15.

22
12
18

14.
23.

=
S

W O oo N N0 0000 ~N©O©~NON

CAact2 CAact3 CAact4
0.7667 0.7185 0.7317 0.7255

.5924
6764
.4473
.4136
.6935
8926
1100
0081
2917
8137
.6354
.0753
3277
6694
.2157
.6869
.2153
9214
9168
L3111
.0204
.9133
.1958
.8781
.6192
.1983
.0601
.1265
.5763
.0702
.0686
.5080
.0965
.0894

Max.

1.28000

Std Error z value Pr(>|zl)

7.9054e-62
.9457e-62
.7661e-61
.9778e-17
.6762e-55
.6808e-50
.3906e-51
.5000e-51
.4652e-46
.1944e-49
.1782e-55
.2668e-65
.9087e-67
.4500e-55
2.4216e-109

6.9903e-37

3.8998e-74

2.3929e-50
2.0491e-126
.8666e-46
.2126e-12
.7340e-12
.2096e-13
.1820e-23
.55633e-14
.4386e-16
.6209e-16
.4195e-16
.5548e-14
.5472e-12
.2903e-09
.6175e-11
.0842e-09
.9969e-16

NNNMNNPPELPNDNOOR WL, WO

O r NP, PO NNDNOO SN

congrul congru?2
0.6960 0.7299

BApl <--- BAp

BAp2 <--- BAp

BAp3 <--- BAp

BAp4 <--- BAp
CAactl <--- CAact
CAact2 <--- CAact
CAact3 <--- CAact
CAact4d <--- Chact
congrul <--- congru
congru2 <--- congru
congru3d <--- congru
pil <--- pi

pi2 <--- pi

pi3 <--- pi

CAact <--> BAp

congru <--> BAp

pi <--> BAp

congru <--> Clact

pi <--> CAact

pi <--> congru

BApl <--> BAp1

BAp2 <--> BAp2

BAp3 <--> BAp3

BAp4 <--> BAp4
Chactl <--> CAactl
CAact2 <--> CAact2
CAact3 <--> CAact3
CAact4d <--> CAact4d
congrul <--> congrul
congru2 <--> congru2
congru3d <--> congru3
pil <--> pil

pi2 <--> pi2

pi3 <--> pi3



Iterations = 32

> str(ch10.ex1.ko)

'data.frame': 208 obs. of 15 variables:
$ 2°*==1: int 1 23331-21-223...
$ 2°*=H=2: int 1 22331-11-23...
$ 2°*=§=3: int 0123 21-21-22 ...
$ 2°*=f=4: int 022321 -11-23

$ 21 :int 3545440314

$ X2 :int 2445442314

$ X3 :int 2435441313 ...

$ 2TH==f=1: int 23 3321-23-22.

$ =2TH==f=2: int 23 3321-33-32.

$ =22M==[53: int 23 2321-23-11.

$ =2i==54: int 333321-23-23.

$ +°i9Y=1 : int 4566540325

$ F°Y=2 :int 1566540315 .

$ +°1f=3 :int 4456540315 .

$ bk :int 2556535313.

# o2 S MNE s S B2

cfa.model.ko <- c('2 ZH= Sz : =G Sf=1, = EH=ESj=z2, 2 BH=E Sf=3, = BH=E Sf=4', ' ¥
cfa.model.ko <- cfa(file=textConnection(cfa.model.ko), reference.indicators=FALSE)
cfa.Data.ko <- ch10.exl.ko[, c('2 = Sfjz1', "2 8= Sz 2! '2 2= Sz 3! '2 2= §jz 4"
summary (sem(cfa.model.ko, data=cfa.Data.ko), robust=FALSE)

vV V.V VvV

Model Chisquare = 168.05 Df = 71 Pr(>Chisq) = 7.6581e-10
Chisquare (null model) = 2647.4 Df = 91
Goodness—-of-fit index = 0.90232

Adjusted goodness-of-fit index = 0.85554

RMSEA index = 0.08126  90% CI: (0.065455, 0.097194)
Bentler-Bonnett NFI = 0.93652

Tucker-Lewis NNFI = 0.95134

Bentler CFI = 0.96204

SRMR = 0.03196

AIC = 236.05

AICc = 181.8

BIC = 349.52

CAIC = -281.92

Normalized Residuals
Min. 1st Qu. Median Mean 3rd Qu. Max.
-1.06000 -0.18500 0.00082 0.03470 0.31500 1.28000

R-square for Endogenous Variables
Y eiE S]] 2 SHE SR 2 2 SHE S22 3 2 e S5 4 A ¢ XSiT 1 A ¢ <=2

87



0.8168

0.8218

S RS EE IR E

-
-

0.7317 0.7255
“hejs2 3N =3
0.8583 0.7608

Parameter Estimates

lam[% SH= Sfs1:% She =js ]
lam[= SHE =j=2: % She =)= ]
lam[2 SHE =}53: % He =js ]
lam[2 SHE =f54:% SHe =js ]
lam[2 ®| *t=i=1:4 =] =i ]
lam[2 =] *I =05 2: 4 = =)= ]
lam[2 =] X =1=3: 2 = < =1=]
lam[4 “ % =154:4 ¥ 5 =)x ]
lam[ 21 * & 1: 2 * 4]

lam[ 2 * §12: 2 % 4]

lam[ 2% §3: 2 % ¢

lam[F ®H= = 1: 3 °H=j =]
lam[ 3 ®1= =2: 3 °f= =]
lam[F °H< £3: 3 "1 =]
crz i =iz, 4 ¥ x=)x]
cl=2h==i=, 2 * 4]
Cl===i=,3 "1 =]
Cla=1=r=i=, 2 *d]

Cl=

vi=
v[i=
vi=
Vi=
Vix
Vix
Vix
Vi
v[g
v[ig
vig
VI3
ViF
VI3

lam[=
lam[= SHE SH= 2:

i RS
cle =, 3 onei =]

e =i=1]
SHe == 2]
THE == 3]
THE == 4]
Sl === 1]
= = =h = 2]
=] = =h = 3]
=1 === 4]
* 1]
*d2]

* 3]
°e 1]
°i2] = 2]
°f2] = 3]

lam[= =

SHe == ]
She == ]
She == ]

0.8083
e Rt

0.6960

0.3060
2 d2

0.7299

Estimate Std Error z value Pr(>lz]|)
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1.17026 0.070530
1.21503 0.072859
1.19700 0.072778
1.42826 0.169757
1.11206 0.070861
1.04341 0.070062
1.07622 0.071225
1.07831 0.071849
1.15011 0.080474
1.23398 0.083300
1.225629 0.078367
1.33873 0.078402
1.37033 0.079083
1.41588 0.090360
0.76767 0.034555
0.62452 0.049226
0.71413 0.039205
0.67577 0.045289
0.78322 0.032748
0.65892 0.046042
0.30709 0.043742
0.32022 0.046320
0.33975 0.047216
4.62672 0.468383
0.37626 0.049384
0.42662 0.052038
0.42479 0.052703
0.43999 0.054143
0.57781 0.076266
0.56341 0.079688
0.41616 0.068576
0.33192 0.051002
0.31003 0.050854
0.63016 0.077900
2 e S5 <——

2 e S5 <——-

2 e =53 <-—-

T o ju

0.7667

23

0.7830
16.5924 7.9054e-62
16.6764 1.9457e-62
16.4473 8.7661e-61
8.4136 3.9778e-17
15.6935 1.6762e-55
14.8926 3.6808e-50
15.1100 1.3906e-51
15.0081 6.5000e-51
14.2917 2.4652e-46
14.8137 1.1944e-49
15.6354 4.1782e-55
17.0753 2.2668e-65
17.3277 2.9087e-67
15.6694 2.4500e-55
22.2157 2.4216e-109
12.6869 6.9903e-37
18.2153 3.8998e-74
14.9214 2.3929e-50
23.9168 2.0491e-126
14.3111 1.8666e-46
7.0204 2.2126e-12
6.9133 4.7340e-12
7.1958 6.2096e-13
9.8781 5.1820e-23
7.6192 2.5533e-14
8.1983 2.4386e-16
8.0601 7.6209e-16
8.1265 4.4195e-16
7.5763 3.5548e-14
7.0702 1.5472e-12
6.0686 1.2903e-09
6.5080 7.6175e-11
6.0965 1.0842e-09
8.0894 5.9969e-16
Sie ==
SHe ==

Sie =g

0.7185
3ol 1
0.8437



lam[= SHE SH=4: = BHE S ]
lam[£ ®| *I=HE1:2 ] 7 =i ]
lam[2 =] *I=i52: 4 = =)= ]
lam[% ©| *I == 3:2 ] FF =i ]
lam[% ©| “[ =02 4:2 ] 7 =0 ]
lam[ 2 * &1: 2 * &1

lam[ 2 % &2: 21 % Y]

lam[ 2 * &3: 2 * &1

lam[F ®°A= = 1: 3 °H=] =]
lam[F ®i) 2 2: 3 ®1= =]
lam[ 3 ®= £ 3: 3 °1=2 =]
Cl=Ci==i=,& =7 =0%]
cl=gh==i=, 2 * 4]
Cl===i=,3 "1 =]
Clz=*=I=r=i=, 2 * 4]
Clx==I==i=,3 "1 =]
Clg*4,+r"na=]
V= A==z 1]
V[= e == 2]
V= = =iz 3]
V= W= == 4]
Vix = =r=i=1]
Vix = =r=i=2]
VIz =] === 3]
VIZ =] === 4]
vig = g1l
vig = g2]
VIEg > 4§3]
VIF i =1]
VI =i =2]
VI3 ®li= =3]

Iterations = 32

L

4o mome BB B B (T[T (T[T 4 4000 480 P 4 4 400 a0 a0

SHE S5 4 <-—- = S=HE S[%
SIS L <o A s
aiie i EIRSEeE B s B
SRS - 2 A
pile i EX RS R A B
Mgl <-- Y

Y2 <--- YA

g3 <= A Y

°hej 51 <-—- 3 o1

N 52 <——- F oo %

"I 23 <-——- 379 =

S| FElE <--> 2 THE S
XA <-—> 2= S
o9 <--> = BiE S
Ay <> a2 A=
"l s <--> & = A =fw
Ciels <--> gAY

SHE S5 1 <--> 2 THE Sis1
SHE S22 <--> 2 Si= Sj=2
SHE SE3 <--> 2 Si= Sz 3
SHE S24 <--> =2 2= 524
(e I ERRRSE e s EX
S| FEIE2 <-=> A S| T =2
S| XEIE3 <--> & ®| X =R 3
e i EVIRSSeES (R s E
Y1 <> 2 H Y1

192 <> 22
aCER -l Ik
“hejs1 <> FoHei =1
“He =2 <> Foie =2
N3 <--> 31 =3
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Chapter 10
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