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Abstract This tutorial presents an approach to perform the covariance based structural equation modeling using
the R. For this purpose, the tutorial defines the criteria for the covariance based structural equation modeling
by reviewing previous studies, and shows how to analyze the research model with an example using the
"lavaan" which is the R package supporting the covariance based structural equation modeling. In this tutorial,
a covariance-based structural equation modeling technique using the R and the R scripts targeting the example
model were proposed as the results. This tutorial will be useful to start the study of the covariance based
structural equation modeling for the researchers who first encounter the covariance based structural equation
modeling and will provide the knowledge base for in-depth analysis through the covariance based structural
equation modeling technique using R which is the integrated statistical software operating environment for the
researchers familiar with the covariance based structural equation modeling.

Key Words : R programming, Structural Equating Modeling, lavaan, Covariance-based SEM, AMOS, Lisrel

Received 25 August 2015, Revised 27 September 2015 © The Society of Digital Policy & Management. All rights
Accepted 20 October 2015 reserved. This is an open-access article distributed under the
Corresponding Author: Kwangdon Choi(Hansei University) terms of the Creative Commons Attribution Non-Commercial
Email: kdchoiyou@naver.com License (http://creativecommons.org/licenses/by-nc/3.0), which

permits unrestricted non-commercial use, distribution, and
reproduction in any medium, provided the original work is
ISSN: 1738-1916 properly cited.

Journal of Digital Convergence | 121



EEZ|Y: Lavaan I{7|XIE SAloZ2

Ab8)zksted ol A] LA

ok

=

K-

24 4 7]

o
=

(Structural Equation Modeling, SEM)

ol A

tH1]. o] & <laf LISREL, EQS, AMOS, Mplus

Mo el Alglseiely

al

all

BFANNAES =
Fal Z o] Abs| sl B4 7 o] Wl me)

9]

L
T

2 A3

based SEM)
B

shefche) 3}

[e]
Run

IT AA9 A=

AT QE Lo g

1 wA7E =

v

]

<
)

27 dejolz} &

= A=

tH2]l. R

H, RellA] A& =

2] Q3]

=0
==

et el =714

Fsha

K

L
L

2.1 Lavaan
],

&

53 e

© = LISREL, EQS, AMOS, Mplus

]
S|

}i]_]__

o)
=

sem, OpenMXx , lavaan

| HZell=

3|

AlsstaL v &

S
=

Ho

Re] &Aito g sem, OpenMx , lavaan¥}

she

7lHko g2

ow o]F “lavaan”&

H7NAER N e] 2wl

Ho

o}
NI

#Hx9]

R 3714 & John Fox ©l

o] AFE 1 Uk sem FH7A

ulk
=4

o] 7l

A=

tol 20003 H) ZRb A E 1vH4,5]. Mx

S

2| L

L
T

3

2 A9

xr
H

2130

iz

9

7]

3 OpenMx ¥7]A4]

4

tH3l.

7141 &

Els

wEo] FRE AlEHIL YA o2

_ﬂ

< Yves

% lavaan

FaL STk Al WA=

I

A4 5

Eol

)

Rosseel 1577} 71t R 97|42 48 FA971A]

oM 7}

Ko
ujy

R 371X

she

!

% F2e e B

o]
L2

S0l A9 71 o

Ho

KR
=

L
L

A lavaan

2

o] AI7HA 2 BEFACH3]

o
=]

o

CER A

=
=

@t o]

kAt

< A

122 1 Journal of Digital Convergence 2015 Oct; 13(10): 121-133



A Tutorial on Covariance—based Structural Equation Modeling using R: focused on ‘lavaan’ Package

.8 5 LT BB B R Ne we T N W R Y
R =TT ! s = = T o wRE m‘,ﬂ %o m N e = o =T <) Nr =)
_ | — - - DO R o RO o W s or o No ! o
! 3 o I 8 O ~ N Np o 7 N = - W oo & 2
e &g T IS AR S T Py X
7 ] = Ry By 7 Mo
voLE X _H_Om - T Jqﬁmuumomﬂdnﬁmu WT_ﬂozoﬂHmﬁ
| “ 5 2w o T A I 2w L
— 3] ~ NF
| i3 2 "o AR T om0
L S = * CO o 2T N T o e W W w Mo 70
E R b oo Rl 750 R ﬁ < 1o N oo X
C o o R o o Ty Yo o BT T
g 3 3 B I = ° g S o <N =
2 ® H oo i L R B o o L
@ Q o L2 AT e W 2o W o B|N CUNNC AN
2 oaK _.ao mw.o Gt Eo OW o Wﬁ Ea o ﬂ/l = - B
® o <o oo ooy MR 3 e
3 ¢ i T rr s e e S 5 Y
T © —_ — N < — ., X T N = | <7 me T
E 53 g = moﬂﬁu_xaommwﬂjr_zx_mﬁou.. ol
: $3 RO & 02 P20 Vg Oon®ae
E o= 0 oo . N S S RO m o o w
-~ K 223 Tzdwaafsut Wazer.
- 1 B S ol A - B S PN (o TR i oty Ty
................... o LN omow © Foom o) T ome Mg TRl o o N T ko oo
= ™ B o o B W N oNF oM R ® W W F O R
CTZRIRHEAT R EANBEE AT R T O & WA Rl
W ooy TN g X T MW TN E ooy R PR e BN o oo MO B o g
XpleeluFyentgdd M¥aT PPa Qoo B E oy oo ro
T T S B e i B A B B o ool ol o '
n_n\E%%ﬂawwﬂﬁJ%.Eﬁ;loﬂﬁ%mﬂmﬂmﬂdhga%nﬂ Hn,#ah,o%almﬁﬂ,m.m
BT EZpa Tl e Tont 5y g K R T S Il Ao
oo oo L g BT g = 22T WA s w e TS 2
o e TR R RS oM P55 %R HE . 2Fxwpedy
ATu%%ﬂJ P %?%%Emﬂ b 7w <r B oa e
R T TR IR .smum%MLm%a R P E T ,m_.,}cg
[ R Y I T VIR -l RETTTar e pl
e e e o 5 5 D ) T b
Hro ey Pred s e B gue T BTy KHeaflilezol
%@rﬁ@gﬂrm]uo%ﬁx%moﬁ KTy neizdSmydsx D
- X EMom D g P Aoy TR g TR N BB g w
o T e S el N g Mo B e W M X o o oy Mol B o
ol B Y &= 8 5 gpool g B M oo i 9 oS B o %o X oA 2N L g W oar TR do o
S N O LI | Moo o B o B oy X =0 ol oo W X = ©
oﬂfﬁﬁble_arﬂm@m%%i%ﬁhﬁodﬂd%%idzf N T S A TG
up B O Bl TE BN LT oy B K Meoop N T N kg 09 Wox R AR R
Blgpo if 43 502 o zu_tixﬁim.@:.a = AR S L TR )
ﬁﬁnrm%@rmrl,ﬂ%%mﬂdr.ﬂﬂﬂi%ﬂﬁM@uE T - B
o o W' G A =B o= M4 I gp © — H = o o BRI =H AP TS
N G A L I = N X oy M AT oo LN T
A = B B e Sl ol I Rl N e
Mps T sNdges 20 dirgey oyt Tz s
T W W de T HE T E WP T o BB e T B R "B TR T MWW R

Journal of Digital Convergence | 123



71 e]

3

Dz

8ol aLefE o]

=
5

L

T2

A=)

7t2A

]

EEZ|Y: Lavaan I{7|XIE SAloZ2
3.3 #x2¥
%

1

3|
il

A=}
4

1

k<
w

afof
Fel A

371 ¢

o

o

Aol 4] 1} ke
7hElo] ALgE L gen 7]

7y
3

b
g aAlwel 055 43

* Bagozzi and Yi(1983)2] 1l A #|A| €

7t gEo

=
2% grol R

ol 4t

S
s

El

(p <0.05)

1

kel
il

i

[

Nk
23

b
E

N

47}

Dz

% 067 ©]

AeH12].

].

7bs 3 eH2l. AR ASR) ol

o] & Ao A

3

Dz

3.4 =¥

5=

tH28l.

Ho
Wﬁ

el

o
frotas
X
0

a3

Ej

3
o)
=)
O
=
S

2
Al
S

H
S
Al

o]

3
]52o] 247

b glos, of oA Aus]

L

ar
=]
s

AFER F}o]
A

1%, RMR, SRMR, RMSEA®]

LHER
i
X

kel
il

7] 74 7]

A Ao AT frelaE(p-value < 0.05)00 <

7to] Al

=

24 7% 01 o

7he

[

A

3

HO®
b:

=

=
o~
T

5}

=

7k

itk dialel o] A

Jo
=1}

x|

%

LS

H3t A3 °]5(RMR, root mean square
zo
o -

3

A Bae s
gho® of A Fg7IEel o

1

kel
el

oA FAH BT A} Aol

ArH14]. =R 22k
ot 0.05 ofstd
2 AA

=]

!

=

1A,
o el

A

=
=

45k
Fhol-2#l0] ol

1

k<
o

L
L

}
ko] Akel7t fro) A (a = 0.05014

AfFE o

h=}

7} 712 5 7R AlAE AL Qlvh
A

ol 4

=
=

[e]

i

SE=
2 o3 FF(z-value >2)0]H AFEF =T} R
71E AT

]

(e}

Fornell-Larcker 71322 o] 7]
124 1 Journal of Digital Convergence 2015 Oct; 13(10): 121-133

(Average Variance Extracted, AVE) A#}zko] 05 o4

thal 2= Aou{10]. ==

3t BrtEA SPARS

Fornell-Larcker 7|
Al AREE A )k

A Al gk



A Tutorial on Covariance—based Structural Equation Modeling using R: focused on "lavaan" Package

F(incremental fit) &2 ¥ 24 3] 4(Comparative Fit
Index, CFD[17], 334 %45 (Normed Fix Index, NFI),
18] ¥ B4 A4 (Tucker-Lewis Index, TLI) —*O]
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(Table 1) Criteria of Analysis for Structural
Equation Modeling

Measurement model assessment

Reliability
Composite . Bagozzi and Yi
Reliability(R) | = %70 (1988)
. standardized loadings > 0.70 | Chin (1998)
Indicator .
e (exploratory — research can| Hair et al.
reliability

accept 0.6) (2013)

Convergent validity

Significance of

the indicator |z-value > 2 Bagozzi and ¥i

loadings e

Average Fornell and

Variance ~ |AVE = 030 Larcker (1981)
Extracted(AVE)

Discriminant validity

Square root of the Average
Variance Extracted of each
latent variable is larger than
its correlations with the other
latent variables

Fornell and
Larcker (1981)

Fornell-Larcker
Criterion

Structural model assessment

Path analysis

Yoon and Kim

Path coefficient |p < 0.05 (2014)

Model fit assessment

Chi-square(X?) p < 005 (X*
is excluded because
sensitivity of sample size)

Joreskog and
Sérbom (1989)

Normed X* (X¥df) < 3 Chin and
Overall fit Index Todd(1955)
Standardized RMR Hu and Bentler

(SRMR) < 0.1 (1999)
Root Mean Square Error of
Approximation(RMSEA) <
0.1

Comparative Fit Index

(CFD > 09

Normed Fix Index

(NFI) > 0.9

Tucker-Lewis Index Gefen et al.
(TLD > 09 (2000)
Goodness of Fit Index

(GFD) > 09

Adjusted Goodness-of-Fit
Index (AGFI) > 08

Steiger
(1990)

Incremental fit
Index

Fit index on
explanatory
power of model
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[Fig. 2] An Example of Research Model
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(Table 2) Measurement Items

Czr;itr Code Measurement Items
PEOU peoul | Learning to operate KakaoTalk is easy.
peou2 | It is easy for me to become skillful at using
KakaoTalk.
Peou3 | It is easy to use KakaoTalk to communicate
with others.
Peoud | Overall, KakaoTalk is easy to use.
PU pul Using  KakaoTalk  enables me to
communicate with others more effectively.
pu2 Using KakaoTalk improves my efficiency in
sharing information and  connecting with
others.
pul KakaoTalk is a useful service for interaction
with others.
pud Overall, KakaoTalk is useful to me.
PE pel Using KakaoTalk is enjoyable.
pe2 Using KakaoTalk is pleasurable.
pe3 I have fun using KakaoTalk.
BI bil I plan to use KakaoTalk in the future.
bi2 I intend to continue using KakaoTalk in the
future.
bi3 I expect my use of KakaoTalk to continue in
the future.

A Al flair= 4 “lavaan”
I

@} of

# lavaan T7]%] A%

> install.packages("lavaan”)
# lavaan ZolBelg] 2=
> library(lavaan)

2 Slstel 4

% A% Aol

Sole g

v 7 4 9, 220 ey
%2 RE 2el5oln ARg gt

< ofgiet 2tk [Fig. 31& R&2 &

2 HolFa 9t FuE AE(HTAMcsY)

+ http://ssra.orki/HTAM.csvoll A B2 E 3fo] 2]

9 e e (e, CASEMLR) ol Bats|o] glofof
sl 1 obeleh 22 Wit v
Eiies

ol

3t

# A AA
> setwd("C:/SEM_R")
# AEAE RE 2

> sem.data <- read.csv("HTAM.csv”, header = T)

#AdTAE 1w
> sem.data
IR R Console [
> zem.data
peoul peou? peocu3 pecud pul pu2 pul put pel pe2 peS bil bi2 bis

1 7 7 7 & €6 5 & 5 5 5 T 5 5 5
2 3 3 4 s 3 3 2 3 3 & 3 3 2 2
3 7 7 7 T 7 7 71T 7T 71 & & 1 71 &
4 7 7 7 7 7 7 7 7 7 7 7 7 7 7
5 4 2 4 + & & & & & & & & & &
& 3 5 3 & & & & & & & & & & &
7 [ 8 [ 8 8 8 8 8 4 4 4 8 8 8
g B 5 3 & 5 & & & & & T 4 & 4
9 3 3 5 4 8 8 8 8 4 5 5 & T 5
10 4 4 4 4 4 4 & 4 2 & 4 2 & &
11 [ 8 [ 8 5 8 8 8 8 8 5 8 8 8
12 7 7 7 7T 7 7 7T 7 4 & 4 T T 7
13 [ 8 [ & T 8 8 T & T & T T 7
14 6 6 6 & 6 & & 6 & 4 & T 7 7
15 [ 8 [ 8 8 4 8 8 4 4 4 T T 7
16 5 5 5 5 2 2z 2z 5 1 1 1 1 1 &
17 [ 8 [ 8 8 7 & T T 5 5 5 5 5

] 7 7 7 7T 7 7 7 7 & & 6 & & 7
13 5 5 5 5 5 5 5 5 4 4 4 5 5 5
20 7 7 7 7 7 7 7 7 7 7 7 7 7 7
21 7 T 7 7T 7T 7T 7T 7T 4 ¢ ¢ % 4 ¢

[Fig. 31 Survey Data
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B RARAS A% FHRY Y
CFA.model <- "PEOU="peoul +peou2+peou3+peoud
PU="pul +pu2+pu3+pud
PE="pel+pe2+pe3
BI="hil +hi2+bi3’

lavaanol A& &14 @1EAL th3) o] cfa( )
\:!]——}IZE /\]—%—o al ‘Zl_ =

% (CFA.model) ¥} @%X}E(sem.data) 7} AHEEH,

= fitehes HEE A

ot =
e AP ?Q@Z}EE AR g glo, ARAlRE
A E (raw data) 2 FEIZ ARS & 5= Qlof T At E=
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BRYRE S0 R0} S WARE

EP REAEJDE Fsshl B,

Fo]Fal,

#=ATE o) gz golRA A3
>fit <- cfa(CFA.model, data = sem.data,

se="robust.sem”)

lavaan©l A= 7] Ao R Aol &3 A=W
£ 5 3H BS852 AMOSS A 7)1EieR
AAs] RS 12 2AANZTHEE S PEOU
A& peoul s PUSNAME pul 5). 247 E DA &
O W “stdlv = TRUE"®] wA& AR&-gth 2 oA] A+
A= 54 #SHTES 7IEHTE Jdste] dA%
Zlo] olUBRE “stdlv = TRUE” & 54 AAste] o

Sa} 7o golx golBAS A Alsdsit)

>fit <- cfa(CFA.model, data = sem.data,
se="robust.sem”, stdlv = TRUE)

421 M2 2 E|EE T}

A A AF = 7=
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BRE APHOE AFstr] o
Z 9712191 semTools F7] =]l A #]
2hA] ofgje} 22 WHol5S Agste] &
o] e %‘ﬁ}ﬂ]‘r% PANHEE AbES HaE
semTools 714 & #2 AHE-3F= 7§ install.packages
("semTools”) WHE Fsto] H71AE vlg] HA & &

gro]Be2lE 2E ot itk

£ns @

Z ol BN
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_Q
=

>library(semTools)
>reliability(fit)

= 9} 720] semTools®| reliability( )
G A g ZF2hks o4y ghat

S
=
st FAAFEE e UERNE Omegedt, 1213 3

R R Console
> reliability(fit)
PECU BO FE BI total
alpha 0.8545986 0.8980778 0.9318598 0.95084811 0.9148751
omega 0.8519546 0.9000306 0.9327179 0.5089666 0.9567596
omegaz 0.8519546 0.9000306 0.9327179 0.5089666 0.9567596
omega3 0.8429999 0.9011674 0.9329123 0.85090357 0.9451E16
0.5945510 0.6975818 0.8220400 0.7757271 0.7115595

avevar

[Fig. 41 Reliability
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U} FFIHAE sk 399 standardizedSolution(fit)
g o3t AX EHIE HTE A% SAARES X
T3 AARES AET Uk AR A EE 54
AxEY BEsE FAFEC] 0.708S 3]sl of st
HAFES BR1sl] g WHole vk 2o, 1
A= [Fig. 517 2t}

> subset(standardizedSolution(fit),
standardizedSolution(fit)[2]== "="") #AZFHF FAA|
A&

=
@
SI)
2
f
o,
|
=
L
N
S
b
ol
4,
B\
e
3
i
Lo,
=3
e

3t A A gHEo] peoul S A9 3 %}*‘0 0.708 Xt
Aoz e} 2R TS A% A A4S
L2 T %Lg% 06 o=
A AT A= peoul & AABHA

e e

OEI Tal )\)\E}'- E]L]:;il
S5 Jens & o
%3 AHgaTh

R R Console =

» subset (standardizedSolution(fit), standardizedSolution(fit)[2]== "=-"}
1hs op rhs est.std 3e z pvalue
PEQU =~ peoul 0.673 0.073 9.1594 0

1

2 PEQU =~ peoul 0.711 0.074 9.571 0
3 PEQU =~ peoud  0.265 0.056 15.547 0
4 PECU =~ peout 0.819 0.066 12.430 0
5 PU =~ pul 0.790 0.062 12.785 0
6 PU =~ pu2 0
7 BU =~ pu3 0
8 PU =~ pu4 0
9 BE =~ pel 8 0
10 BE =~ pe2 0.945 0.048 19.694 0
11 PE =~ pe3 0.872 0.060 14.516 0
12 BI =~ Dbil 0.894 0.062 14.522 0
13 BI =~ Dbi2 0.938 0.058 16.161 0
14 RT =w ki3 0 8NA 0 NAT 13 271 a

[Fig. 5] Indicator Reliability
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>subset(parameterEstimates(fit),
parameterEstimates(fit)[2]== "="") 9] 2 AF A&

IR R Console |

> subset (parameterEstimates (fit), parameterEstimates(fit)[2]== "=-"}
lns op rhs est e z pvalue ci.lower ci.upper
1 PEOU =~ peoul 0.918 0.100 9.194 0 0.722 1.113
2 PEOU =~ peouz 1.014 0.106 9.571 808
3 PEOU =~ peou3 1.177 0.076 15.547 029
4 PEOU =~ peous 1.108 0.089 12.430 933
5 PU =~ pul 1.338 0.105 12.795 133
& 075
7 197
]

A,

:

1

1

PU =~ puZ 1.259 0.093 13.470 1
3

961 b
b

A,

.

1

:

PU =~ pu3 1.355 0.080 14.895
3 put 1.135 0.089 12.788
PE =~ pel 1.455 0.079 18.430
10 PE =~ pe2 1.480 0.075 19.694
11 B i pe3 1.349 0.093 14.516
12 BI =~ bil 1.314 0.091 14.522
13 B, - bi2 1.376 0.085 16.161
14 BI =~ bi3 1.276 0.096 13.271

300
332
167
137
209
087 1.464

coocooo0oO0OO0
MR RE R L RO R RERO RO

[Fig. 6] Nonstandardized Coefficient
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F & Gt A BT Qe 2 fES Ve R Hrlet
A Hth BE fhEe] 208 A3Ea Jdes Bl F1
AL, okd olyd A= pate=E 005 FE(z @
19)OZ pHo 2 AFES] 48 49 & —’F Arh
BHBAFE = ofn Al 7ol A ofn] dHstd]
5-0] semTools #7149 reliahility( ) 23] A3}l [Fig.
4] she] “avevar” €Y FAEC| B EAFE HES
FABAL lom, X JdEe] 71EjkSl 055 33 st
3 9lE As BoFa vk webA dA] e A
T BFE S5 glonE SAANEEY HSE
et FREJSS & F A

o] JAAG FHERL} zolof st FoR HF A
& AF 73 A5 gES vasly] st 94 o
S 2ol AR dHYE S cor_vars Hol
A e},

# AAEFETY] A A

> cor_vars <- inspect(fit, 'cor.lv’)

e
o A% A3 7 GARE] AT S bl
Hlol& A& 4 ok

> sqr_ave <-as.data.frame(sqrt(reliability (fit)[5,-41))

"SQRT_AVE"
> chind(cor_vars, sqr_ave) #3374

HASE(AVE) Alus ges BY

> colnames(sqr_ave) <-
PR

R R Console

> cbind(cor_vars, sgqr_ave)

PEQU PO FE EBI
PEQOU 1.0000000 0.5372132 0.3895149 0.4161746 0.7710713
PU 0.5372132 1.0000000 0.5889563 0.6282051 0.8352136
PE 0.3895149 0.5889563 1.0000000 0.4EB02813 0.9066642
EI 0.4161746 0.6282051 0.4802813 1.0000000 0.8435398

SQRT_AVE

[Fig. 71 Square Root of the Average Variance
Extracted and Correlation Matrix
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e 542 ol g3te] Aok Tk, lavaanol A9 FEE
Qe 2qrae] AAASE ko) 42 ehls 894
Fo] Eo] glow], Bao] uet HAEo F A
52 MAT 5 Uk FYRY] FYE ole] AW
sle} o] =g FHOR A%E WAWSE 8%
o BEWFED AL FAUFE o] A4 ¢
T & FUOR QRS WSS AT FENSE
A, [Fig. 219 B8 B4 908 72299
AAe ot 2o

# rREY A%
>SEM.model <- '
# ZA 23 (measurement model)
PEOU="peoul +peou2+peou3+peousd
PU="pul +pu2+pu3+pud
PE="pel +pe2+pe3
BI="hil +bi2+hi3
# 3|71 (regressions)
PU ™ PEOU
PE ~ PEOU
BI 7 PU + PE + PEOU’
# 2350 3k PAl(residual correlations)’

lavaanol| A o] 2R3 £48 §J3k FRA2 nd
Y2 sem( ) FFE AHSSt T FoE MR oA A

o FEEYT HEATI thA] AR,

1A 07 JavaanS AMOSS} o] REAEHIE
gy, olof digh e w2 ofgje} o] REXE

H A8 FM(se = "bootstrap’) I HEXAEH 34

(bootstrap = 200L)E Yehl= §4& F7kshd Hrh

HTEXE

#fit.sem <- sem(model, data = sem.data, stdlv =
TRUE, se = "bootstrap”, bootstrap = 200L)

#summary (fit.sem, standardized = TRUE)

R SR E DIEL R

oA AFEYo) FEEY Frhe TR mEY

o A3} gES ¥ Q= fitsem WFE oz
A RRARGE e FrF & ek

> lavaan:::print.fit measures(fitMeasures(fit.sem))

IR R Console

> lavaan:::print.fit.measures (fitMeasures (fit.=zem))

Model test baseline model:

Minimum Function Test Statistic 2187.164
Degrees of freesdom 91
P-value 0.000

User model versus baseline model:

Comparative Fit Index (CFI)

Tucker-Lewis Index (TLI)

Bentler-Bonett Non-normed Fit Index (NNFI)
Bentler-Bonett Normed Fit Index (NFI)
Parsimony Normed Fit Index (PNFI)
Bollen's Relative Fit Index (RFI)
Bollen's Incremental Fit Index (IFI)
Relative MNoncentrality Index (RNI)

CoODo000oo
L1 b
o
X}

Loglikelihood and Information Criteria:

Loglikelihood user model (HO) -4106.152
Loglikelihood unrestricted model (H1) -3990.03¢6
Number of free parameters 33
Akaike (AIC) 8278.304
Bayesian (BIC) 8387.148
Sample-size adjusted Bayesian (BIC) g282.601
Root Mean Square Error of Approximation:
RMSER 0.105
90 Percent Confidence Interwval 0.080 0.121
P-value RMSER <= 0.05 0.000
Standardized Root Mean Sqguare Residual:
RMR 0.260
RMR (No Mean) 0.260
SRMR 0.111
Other Fit Indices:
Hoelter Critical N (CN) alpha=0.05 80.927
Hoelter Critical N (CN) alpha=0.01 89.546
Goodness of Fit Index (GFI) 0.865
Adjusted Goodness of Fit Index (AGFI) 0.804
Parsimony Goodness of Fit Index (PGFI) 0.593
McDonald Fit Index (MFI) 0.870
Expected Cross-Validation Index (ECVI) 1.491

[Fig. 8] Model Fit

[Fig. 8] oA & 5 Sl%o] “lavaan"d| A& Z9H4 &
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# A2ATY Y= g
> subset(standardizedSolution(fit.sem),
standardizedSolution(fit.sem)[2]== ")

R r Console

> subset (standardizedSolution (fit.sel
lns op zhs est.std
1 PU ~ PEOU  0.565
PE ~ PEOU
3 BI ~ BU 0.48
4 BI ~ ©PE 0.128
5 0.0!

2.672 0.008

o]

A7EC) A9 AAH P50 FAI ¥ B ¥E
g TFhE 497 BOBE olg A% UEUF 8
Tk web AFAEE 2gel A T AEE

>
s
fr
s}
=
o
)
9
)
)
lo
i
ez}
5
fiu)
rot
>
N
(e

>
>
op
o

3

= o]& A9l% drEol FoA Aow Wt &

e,

TFEEHL 1YZE AU dolnejF o8

A9 RAA o B 4 & Ik o)F sHE
mao

install.packages("semPlot”) ®#®-& F3}4] o]
= W7IAE nlg AA] g &

<= ™ d
ahd [Fig. 1019 2o] oA Aol tig 7223 =

£ u o] PsE)

#1Y2 1g)7)

> library(semPlot)

>semPaths(fit.sem, what = "est”, layout = "tree”,
title = TRUE, style = "LISREL")

IR R Graphics: Device 2 (ACTIVE) =

=
15

[Fig. 101 Structural Model of the Research
Model

at, 37N o] dukH o Ul gAY 5
7} Z7VeaE R gho] EolAE #4FS Boju] o]

ket 7S fla AFE ol whek o2 A AAl
= Aot RellH FHWFEY] RpS 17
B[ oy o, 1 AEdye [Fig 1119

> inspect(fit.sem, "rsquare”)

R R Console

==

> inspect(fit.sem, "rsquare"

peoul pecu2 peous pecud pul pu2 pud  pud pel pe2 pe3 bil ba2

0.461 0.509 0.728 0.665 0.622 0.752 0.520 0.592 0.803 0.897 0.766 0.791 0.874
bi3 PU  PE BI

0.637 0.319 0.186 0.389

[Fig. 11] R—squared
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Appendix A

25 1 dAAT A% 2AYE

# TR RdRS A RATIAE EA
install.packages("lavaan”)
install.packages(”semTools")
install.packages("semPlot”)

#
# 3719 RAFTIAEES A &

# C/SEM_RS A3 th

# http://ssra.ork/HTAMcsv & thZ=3}o]

# C/SEM_R 2ol A7ghct

# olgle] HWHAES EAlste] RellAl Aagct
#

# lavaan #ho]B.&2] AA|

library(lavaan)
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ELCEREE

setwd("C:/SEM_R")

#rEny 47

SEM.model <- '

# measurement model
# AEAE BE

sem.data <- read.csv("HTAM.csv”, header = T)

PEOU=~peoul +peou2+peou3+peoud
PU=~pul +pu2+pu3+pud
PE=~pel +pe2+pe3

s ARAE 1) BI=~bil +hi2+bi3

sem.data # regressions
PU ~ PEOU
#2914 QRIEAME A ZARY H4 PE ~ PEOU

BI ~ PU + PE + PEOU’

# residual correlations’

CFA.model <- "PEOU=~peoul +peouZ+peoud+peoud
PU=~pul +pu2+pu3d+pud
PE=~pel+pe2+pe3
BI=~bil+hi2+bi3’ #rAs s A3y
fit.sem <- sem(SEM.model, data = sem.data)
#EAWNTFES 12 gste] €14 aIEM S 43
#it <- cfa(CFA.model, data = sem.data,

se="robust.sem”)

#A3= 37t

lavaan:::print.fit. measures(fitMeasures(fit.sem))

#EARST glo] G914 29w & A3 #TEXERY Fgs] mdy Ag Hhy
fit <- cfa(CFA.model, data = sem.data, #fitsem <- sem(model, data = sem.data, stdlv =
se="robust.sem”, stdlv = TRUE) TRUE, se = "bootstrap”, bootstrap = 200L)
#summary (fit.sem, standardized = TRUE)
#1Ee H7}
library(semTools)
reliability (fit)

# AZAT B}
subset(standardizedSolution(fit.sem),
standardizedSolution(fit.sem)[2]== ")

#IFETE Bk

standardizedSolution(fit) #Z% 53} A4 #1E X 1g]7]
parameterEstimates(fit) #8]X 3} Al library(semPlot)

semPaths(fit.sem, what = "est”, layout = "tree”, title
= TRUE, style = "LISREL")

#2RA H7}

inspect(fit.sem, "rsquare”)

cor_vars <- inspect(fit, 'cor.lv’)
sgr_ave <- as.data.frame(sqrt(reliability(fit)[5,~4]))
colnames(sqr_ave) <- "SQRT_AVE"

chind(cor_vars, sqr_ave)
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