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Shape of the Null Distribution in the Likelihood Ratio Test for

Selecting Random Effects Structures in Experimental Data Analysis

Yonggi Kim Wooyeol Lee

Department of Psychology, Chungbuk National University

When using a multilevel model to analyze experimental data, the results of hypothesis testing can vary
depending on the random effects structure. Previous studies have shown that the likelihood ratio test
(LRT) for selecting the random effect structure does not match the shape of the null distribution with
the theoretical chi-squared distribution due to the parameter space constraints of the variance. In this
study, we investigate the shape, the type 1 error rate, and convergence failure rate of null distribution of
LRT to select random effects structures through Monte Carlo simulations. Before proceeding with this
study, the validity of the methodology was secured by checking the shape of null distribution of LRT for
testing fixed effects. We conducted simulations by manipulating the experimental design, number of
participants, and number of items, and found that the mean, variance, 95th and 99th percentiles of null
distribution of LRT for selecting random effects structures were smaller than the theoretical chi-squared
distribution under all conditions. When LRT was petformed using the theoretical chi-squared distribution,
the type 1 error rate was smaller than .05 significance level. The convergence failure occurred frequently
in models with complex experimental designs and correlation structure in the structure of the random
effects. The caveats of choosing the model’s random effects structure were discussed for empirical

researchers when using multilevel models to test for experimental condition effects.

Key words : multilevel model, likelibood-ratio test, random effects structures, convergence failure rate, null distribution
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a; =— % ay =—c, (A 2 FDE HEOE
ryy = BFAE Ak vy E S AHF
Hog et o] x7E = 9

Tyiy, =
TXIXZ (b1b2 + 3b1d2 + 3b2d1 + 9d1d2) (11)

+ r%(1X2(20102) + T}IXZ (6d,d,)

Maurelli(1983)¢] W2 2] 1
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F.9 =& / Power methodE 7|BICZ o HIE Xt&E dd AL RO lavaan IH7|X|E SHLE

1]

HeEEe] 24 2 33 SAE 1 AH8E  S9 e 1R 1 42?}21’*1 HrEEe EF
B Mplus®] ‘with’s} FAsIt ~= IARY  Ish= AL =)
S TAHE W 0]“8‘5]‘3% luS-/] ‘on’ e} Y3} 5o BEEIZE 9n 3h:]' skewness’ﬂ—
o g R~ FAstaA & ckureosis = AAE A9 99‘: ELRCASRES
o AREEE EHoE, MpluH ‘Trek sdst Az HATEE

o weF A7t #lE 89dEY R¥e

oz Algdelde st duE 2l thsto]

443 RE 21& WE

‘=~5 olg3td FAWMFE BH}IL, ~~ £ HAF AEE KT F Aok ToF 3
g ol&st] 2]l 7 B4 8 FEAS AE T obfHESY #e dAsA &e BF
Hare] eaiike 298 o Atk ook 2 simulateDaa(= A7 Rl ekl AAT =
& lavaan F71A9] BY FHE T3 A7A  AES WA AiEEE WEE ARE
= ?i:rL 2ol ] i ARE 2o A A AT ALOR seed’ = W A T
A =, 54 o159 AARE AR & o ARREE ARgeR, ofudl gz 44
A= A ?:]'T-/] OMRIIER ’\F‘l%“jr steAol wet AdE Akae 2kl v
atoll

lavaan 3 7] R o] WA =H o8 &5 71E 2 UE RE ZHo] FUItes 7HA
g AEgod 2AEE AAsE FFe  sed T ZL Fro|l AHE A$ A3
simulateData) 2, ATA= o]F o] &3] UA Y3 A=TF AT oy E
AAE AT 2ol ot ARE nEor 8t ‘seed’= FUIF ARE A
2F o FHE st & u AREE ok 1
24 g WAT ARE AT £ At Y 18 WAT AR AH 7 A9RE
simulateData() 5 ©]-8317] 98l HY3lloF  simulateData) 32 ARE7FAS] HH S AA|
e T8 oRfHE 7F2H ‘model’ > AR A FER YER Zleg, g Ao A"
o] Higo] He AT 2¥S 9gujsiy, & AR 52 2 A7t dAE S8 A8%
A ARG AT 239 AAE 1 Few A golth
g3t o]& Fall simulaceData) T AT ARk o2 Alggold A7E dystr] ¢
B AT wMes o wAVE R A o] AEY ARE AAdof shARE
A5E *3*5]3]'71] Atk ‘modeltype’ ATFAZE  simulateData() e © U] AR /ﬂ]EUl-
AR 2y FTRE uletH, A 82 & AFAh ol T T olFHE F
B 2¥e 9ske e, 72N BEF replicaion, § BAT AR AES] Jigo] O
% 3 = & oHfRETE EAISHA 7] wielt. oo
9y 5 ot me ool AR AEE 4] SeAs
HE 9] for TS o] 83} simulateData() TS Y3}
3ol & Am AEe £UZ 0¥ Sl Gr
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>install.packages(“lavaan”)
>library(lavaan)

>getwd()
[1] "C:/Users/kmj93/OneDrive/2AM"
>setwd(“C:/Users/kmj93/Desktop”)

>simulateData(model= , model.type= ,
meanstructure= , std.lv=, sample.nobs=,
skewness= , kurtosis= , seed= )

>data<-list() #X2E MEE U E[AE
A A

o o

>file_list<—list() #MAM=E 2E X2 TgHS
MAEe gl 2[AE MY

>n_replication<— #A&IA[SIA} k= replication
S

AT

>seed=1234 #ob MM ARG

>for(i in 1:n_replication) {
#ATZXIL MA S =Hol| = X2 MM

12 1. lavaan TH7|X|E O|R3}7| ot AFHZEHY
A 22 43 % HER AE Y g RE

o

Ofl Al

Pr B 138 QATA7F 44 AAeke
A { el i7F 23d ZES s
HAFES S BHBIT. T B,
o { } Yl sunulateData() g &S
s AT} AT wE A5 o
e R EE

2 YA Do forBe) AHE W £

data<—simulateData(model= , model.type= |,
' meanstructure= , std.lv=, sample.nobs= ,
skewness= , kurtosis= )
#ulled M
file_names<-paste0(“filename”,i,".csv”)
#csv ot 2 X2 ME
write.table(x=data, file=file_names,
row.names=FALSE, col.names=FALSE,
e quote=FA_|_SE) ~
#EE migdd g

“for’ file_list<-rbind(file_list, file_names)
244 }
=2 >write.table(file_list, file="data_list.csv",

row.names=FALSE, col.names=FALSE)

3) a3 2. lavaan I{7|X|Q| simulateData() &+ Et=
= FE OfA|

ol Az AHH AL BN B 5 O

ke Ao, Uske e ARE A

et

WA FA ARE oF U2 AFsta o]  AFATE Wikes U2 AAE 4 9o,
)

A& WRFE Aol TPt
A5 A a@; Ao R, A

i
o
e
od ¢
S
_\_4
ON

A5
23 4 53 35 st AR A
£ 2ol aislolof wth Al of

£ R FPFT repeat’ EE

‘break’ & 01%5‘}04 5;‘4 zHe UL Q7A

AAE U] ojFel vt Arst B w2 A M= IF 20 Me® Hier 2o
s}

ek o replication© 2 A A3 TE Tl 289
e #Qlo] R o F5 YR oFHE

o EREAEE W 7b ohd e E AR Aol b A AE &

A3t & AAQoF . o= ol MMM AF
2o U] seed S OMFHER HAZ & v
EES AASH, s e divith b

=2 AT AqAdo] A HSHE] AANFHERE AZ 5Y
Ig 3Aswtg s wE F3dsn 3 22 HEZ} BHE 3502 gAEE 2
leBe A7t AAY 20¢ WSk 7h B ot
-

if k 5o “for®ES o] &3le 15%EH AA
3t n_replication 3 FTEF { juo] A3

gom gage | SmulcDu0 9 fAwoh st 44

H A5E AL AAE daadte= Wl G AE
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v “filename”(FFA ) (A FAp, 1|
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£ ol&s 4 IApE sdHe
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write.table) S o] 83l AAHE AF5E
A AR ddyor AR dF g4
A8 HYE ALY W ALEHe FTE,

Y48 ARE HU2 A
gl o
A= paste0))
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flr v r

A el OFHE Fher Wi AR A
BE il ABIY o)=L o3t}
‘row.names’+ 3§ ©]=9] E3} oJE <col.names’

rlr

d o5 = AqRE v,
simulateData() F<rollA] 3g W&ol thel wt=
A7getA FPom e BT FAISER A HIJTh
‘quote’= A9 ZF Fro EweEE AAT
Ao oA¥-E ousiy o|&stA Fe 7%l
DE FALSER A3tk 11 % 443 9dd

71E AAl #& F7Fske hind) FTE
]%;}04 file list Aol 25t} AAEh
At B wrid AdHE BE A 9
V*"ﬂ seewd)E ©]-83to] AT 2 A
5o AR wdks AT getwd()e il
sorn 49 Azl AYHG RE A3}
28 Folt A9 Aol HAT wE A%
o Ax MEZ AAAPEHY, file lise 2]
Age wE 90l =gl Ak 3}
ol i An wF 913 HAz AP}
Mplusol| /] o] & 4 JQO EE write.table()
g8 olgstel By Azol 4RI 9
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O

e
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A% WA 8 U Sk
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o
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g
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i

HeMe 23
A A3
QR ’\]Ei’ﬂ
o EH Y ? UTE YHbHog w

T4 'r]OH A5 E Mplus®] input HH
o]l A VARIABLE, ANALYSIS, MODEL, OUTPUT
o AMEE A7 AR By @ F4
Wil BHE ZAdith Ot DATA AWE
T 2 33 o] AAdstd MEA AdE A

BES A% ol§el RIS FHT 4 Yok

aaE =

DATA: FILE is 'data_list.csv';

TYPE is montecarlo;

a3 3. Mplus 282
2 OfAl

AlZold HAIE flet M

9] DATA #AWES] FILE oz AA=
‘data_list.csv’, & HloJE] Y2 AAPH EE
a

Ag MES Adge] F ARE TFs}
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3 e 44E AR
AT} LI AR AGE flojof it
‘montecarlo’ 2 O
ZH Mplus9] &JF AEH|HE AT F
Ak olek o] AFH inpur LS A

W A4 RE AT AR AES o83
#4829 25 345 97 % W
= £ ouput FJLYE A
o Amel W op
A GANME SLEA AL

o

o2
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2

A7e dx 2 H= Q.
AHEEE Mplus®] A5 A&l
o Qi g @ Hxol o
A gomz g HIAFA
A3l RS o] &3ttt ol AT
fel Wl A% ) A%
or S o83t 47 BT 9
o A A2 A A Az A
Aol Qe Az A lc@f&r% o
AAE 255 R FHoE B &
shok 3] WRolTh WEEe g U
E A3 YHA = psych I 7] A (Revelle,
2024)9] describe() E47F H Qs WA &
g WA 2 E HAJYA &
install.packages() 9} library() S ©]-8-3}]
717 AR o|F eFAAE
7 Aol Waw AASE S ARE, 2
= 9 49 Z2h

el A5 Y BANN WEHE AR
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) rlo

# H 0|F =Y
>variable_names<—c()
# 8l 2[AE MY
>lavaan_stats<-list()

32 4. psych T7|X|2| describe() E4E 0|8l
TIEESAKE oty B AH HF

A =0y, FE yy7HA 3RS WEE A
Eﬂq_ A, C(“yl” “yzn « 3999]_ 7Lo] X‘}'/Hﬁ]‘oi
R 7 WEo o]2e MAY 4 gt} TS
o2 AREE T 7ETAA AAE A
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UAFE - FAHA - U+=H / Power methodE 7|8tC 2 oF HI™ XtE ‘4 XL R lavaan IH7|X|E FAo=
#XI2H H o] J|SEHX| Eol # Z1E dlole Zegez it

>for (i in 1:n_replication) {
#2202 oty MY
file_ path< paste0("filename",i,"
#Xt=2 217|
dat<-read.table(file_path, header=FALSE)
names(dat)<—-variable_names
# 2+ H=pof oSt 7| =&AH X AL
stats <— describe(dat)
# vars G| g2 HHoZ x|
stats$vars <— variable_names
# Ol HSE FI}
stats$file_index <— i
# del_l.E ‘—K—i

.csv")

lavaan_stats <— c(lavaan_stats, list(stats))

& 5. psych Tj7|X|Q] describe() gt+=E 0|83t
of Mgzt ZE O0|He| 7|28AHKIE Hlst=
TE 04|

A AEE = vars’ G2 AL AA S
9 AEZ AL ol 2 A sho

3= 7]-6]41]— U]—X] wog HE X

Oﬂ gk 7S AA AAE A st AR
t}. o]= ARAe] AT AA(F, lavaan stats)l]
A7t ARE AAE, stayE FEFOEHA
Feajdnk ol flsiAe F AAe] A=
T27F FLH ok ’5‘} 2 lise) S 01 &3l
stats AA Q] AFE X
s o« FFE o8 o}&% 7"%*1% ‘%‘%L
gt

AP A7 W
90, AT wE
A7} B3 AAH lavaan stats AAE L
Aty AFA= RANA describe() $F-5 0] 83}
A, dE AAE R ddE AR F
spsse} 2o ThE Z2IHE o|gFomH
Hed Y 95 2 ATE AAs £ 9ok
R 9Jo] 2L o] 831y fJ3) 71&FAA

fu
<l
©

>lavaan_stats_df <— do.call(rbind,
lavaan_stats)

# 215 oz ME
>write.csv(lavaan_stats_df, "lavaan_stats.csv",
row.names = FALSE)

a1

A= ZEE= a9 6
1

I 2o 94 H d’% avaan_stats A= A&
F27} BsEolER, ol 9% HAT AR
517] Y8l F+2E dlolE Z#H U(data frame) S
2 W3t o2 YIME EA s u
BaH AFgEHE docdl) FFFE o] &3TH
docall() 3= 3] WA ol FHE AT 4

il
S A ohpREd eliE Amd W
7(']_9_ ]_‘—' 6’]-/\ Q
7)1=SAA 7:‘4* tle]E
7] fl& A2 5 Aok H% FgrE olE
of 28 F2E HolH ZHdoz HI
write.csv() S o] 83 7|EEA X A}
= v FAE ARRIE 27 69 FEOA
RE 7eEAA A3E BG3 lavaan stats df
Z lav o Hd= AHsi,
row.names OFFHAES FALSERZ A|A43le] ) o]
g2 AR Wt AR A4 2 W7 A
oA AHEE RE R Z2I9 IJFES L
5o 22 AN gk

%

rir

aan_stats. csvihe oS

lavaan 3 7] RS o] &3}
AA ¥R Az A A

A AEHld ARE sk YA

M
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lavaan¥} MplusE <4

e Ao R *—;!

= AA JANE

3 9 Ase 1%@3
=

AFAZ) o3)

2 AFoes 8T s/ AZHSFE 2
= o] B &(two factor model)©] = Th
A0 A8 E Slsl adlFatEd QAHRAH
< 7 8%l tiste] BT FYE joE A
AEAJh FAHOZ QJAFIHF, N\ FH
A Hu 5(1992) ¥ Yuan¥} Bentler(1998)&
Fusted, 0.7, 0.7, 0.75, 0.8, 0.8, 0.7, 0.7, 0.75,
0.8, 0.8% éjixgé}gigtq, 29 #F, ¢ H
P BT 12 AASATE oo wt 7 A
EHTO QAHAKE, o, FE 0 4
0.51, 0.51, 0.4375, 0.36, 0.36, 0.51, 0.51, 0.4375,
036, 03622 A% AAFIL. npxgtoz
881 2 FEAKSF, ¢ 0302 HAFHS
o, 59 HATA AEE Curran 5(1996)9]
71wt BE AxRg] st = 2,
AE 72 AA3ATh

H

N

lavaan T 7| E o]&3le] BIAT AFE A
Ast7] S8, B A< lavaan 3 7)A] ] FH
Higo g 9 79 AdE WEH o] =
AL “populationCFA’EH= 0] &-9] 7
Aetatt AA3 RS RO
A7)E o] BT E4& /A

Ao g2 Zldatr]e F&3s & %<l

ol m[o ox,

i_l“
m[o e 2 o

X0
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>populationCFA<~'

#2057t 43

f1=~0.7xy1 + 0.7*y2 + 0.75*y3 + 0.8+y4 +
0.8+y5

f2=~0.7xy6 + 0.7*y7 + 0.75*y8 + 0.8+y9 +
0.8+y10

#2012 o BEM MY
f1~~1+f1

f2~~1%f2
f1~~0.3%f2
#AEA HH
y1~~0.51*y1
y2~~0.51xy2
y3~~0.4375*y3
y4~~0.36*y4
y5~~0.36*y5
y6~~0.51*y6
y7~~0.51*y7
y8~~0.4375*y8
y9~~0.36*y9

y10~~0.36+y10’

>n_replication<—=10000
>skewness<—2
>kurtosis<—7

>data<-list()
>file_list<—list()
>seed=1234

>for (i in 1:n_replication) {

data<-simulateData(model=populationCFA,mod
el.type=cfa,meanstructure=FALSE,std.lv=TRUE,
sample.nobs=3000,skewness=skewness,kurtosi
s=kurtosis)

file_names<—paste0("data",i,".csv")

write.table(data, file=file_names,row.names=FAL
SE,col.names=FALSE,quote=FALSE)

file_list<-rbind(file_list, file_names)
3
>write.table(file_list, file="data_list.csv",
row.names=FALSE, col.names=FALSE)

a2 7. M™st A7 2En RN 7|FES H
Y22 lavaan I7|X|E O|E3t &A HIE At

28 Y4ots AC

a




oN
ro

T
4
>
e

N

£ / Power methodS 7|Hto 2

1]

N=300022 AAHsHomH,
1000022 AAstd F 10,000702] A= AE
%— A theos AxHTe] Jr gl

=5 Az XWE} 5 olg 9 ol
ol ®keF AFATE
HP@W& 7]%% O #goE sAstaA @

2= 54 A ) o, B

n_replication—,‘—}

3 ol 5
A3 A AT 3" 79 AAE BE
2Eg A4 H SAs) HE daalovi
B “datal0000.csv”7}A] & 10,00071¢] A= o
E HAT As7t BAEY, “data list.csv?THd
AN ARE RE AR HAYE AT &

ik
R

vaan 714\ B3l B4 WA AR
% 4 ZnelA Ame B0l BrE
o wA, A48 A7 Aol 43R v
ATFH 1%, & o 29 AE 79 2L
A SIS, Ol Al BE A
Mo oot Awel W, wEAA, A
H K relative bias, RB)©| 7“EH‘}}\E}. RB= AA
247 el A Aelg olvla)
W, thest o] Aelek

=
3*

= /\
tﬂ‘ =)

RB= Lk (12)

9 AellA o, KAM 2agold 4,2 4
A B AR A oE pEA me
al

ES
AXES HA& 9t} RB/} AE4E o
T 2N AAH AT A8 W

ot HIER AtE dd BAL RO lavaan TH7|X|E S22

##7| S SH X Shol##
variable_names<-c("y1","y2","y3","y4" "y5" "y6"
,y7t, 'y8", "y9", "y10")

# 8l Z|AE MM

lavaan_stats<-list()

skew=2

kurt=7

for (i in 1:n_replication) {
#Ild A2 MY
file_path<—pasteO("data",i,"
#XIE 17|
dat<-read.table(file_path, header=FALSE)
names(dat)<-variable_names
# 2+ H=eof tist 7| =SAHR ALt
stats <— describe(dat)
# vars €Ol gt HEHoZ iF
stats$vars <— variable_names
# o Hs & FI}
stats$file_index <— i

.csv")

# skewness RB At
stats$skew_RB<—(stats$skew—skew)/skew

# kurtosis RB A&t
stats$kurt_RB<—(stats$kurtosis—kurt)/kurt

# average skewness RB Z|At
stats$aver_skew_RB<-mean(stats$skew_RB)

# average skewness RB 2| At
stats$aver_kurt_RB<—mean(stats$kurt_RB)

# 218 £8

lavaan_stats <— c(lavaan_stats, list(stats))
3

# ZA3DE Olole] Zejlglez st
lavaan_stats_df <- do.call(rbind, lavaan_stats)

# Z20E oz M

write.csv(lavaan_stats_df, "lavaan_stats.csv",

row.names = FALSE)

a8 8 HA d4& == HoHo et 7|8
X g =olsts 2E
g AR7E AAEMTL & ¢ o AR

T9] 7]Fo] wWeEKCurran et al., 1996; Flora &
Curran, 2004; Kaplan, 1989), 5% W|%t2] RB=
trivial bias, 5%°A 10% AFo]2] RBE moderate
bias, 10%X.T} 2 RBE substantial biasE }E}
e 2oz siddnt 18 8o AAE R &

tE BE AR JEEAANE AXksta 9
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2 adZ HA3 & PSS 52 53 4 AF
o] AAT HE JFES WA )
3171 Y3k Fro|th

A A8E °l£o}°4
o]8¢l =S

2YE FAAT
FA43s7] 98] Mplus 8(Muthén
& Muthén, 1998-2019)2 ©]&3t9 o, =g
T4 Mo R s A A5 FA de
| 85= 7AA% ML A4 H]'m(Mplusgl MLR
4 DS o83kt MRS B9 HA
= 44 ZFoaE 0]4‘3—0]-_1_(Huber 1967,
White, 1980), 239 Ags AAE= BAA
247 P S ol g

o

Obo

O_I.4
0

1
rulo

l

rit,
m

Iscaling correction factor)E
O Z M (Satorra & Bentler, 1994, 2001) A4
Qufol] w2 AR A(false positive)2] TAY-ES NS
ZaN7e AR 4R Ak Mplusell A A
= A3 & ARE Wk e BE
o RS )
2 ZH(root
mean square error, RMSE), 1|1l 95% FW ]
A(coverage rate)’} FAEFHATE RMSE= AlE
Qoo W2 20| 42 w4 FHH
WEAS UJEhlE goE et 2ol A9
Hr.

RMSE= | Var(9,)+(8,— 6, (13

2y FAAE
g #ol odll 7S
A= AE7F A
Atk 95% Fwe]
E FoA 95% Al

b EPEE wee ofnsh,

do
>,
=2
R
s
S
>
f
rlr
E
m:2
2

o o lo

TITLE: nonnormal data generation through
lavaan using 2 factor 5 indicators model;
DATA: FILE is 'data_list.csv';
TYPE is montecarlo;
VARIABLE: Names are y1-y10;
ANALYSIS: ESTIMATOR = MLR;
MODEL: F1 BY yl-y2*.7 y3*.75 y4—y5* 8;
F2 BY y6-y7*.7 y8%.75
y9-y10%*.8;
F1 @1;
F2 @1;
F1 with F2 *.3;
y1-y2=* 51;
y3x.4375;
y4—y5+*.36;
y6—y7*.51;
y8x.4375;
y9-y10+*.36;
OUTPUT:
a3 9 MHE AN HFET XNHEE 0|8%0 &
HE FHSt= Mplus 25 A|EZ0]M AMEIA

98 Atol9 gte zhe AF AT By &
FE "Es= 287 AAE Ao
ot 23 FAol AREE Mplus A
9o A=H vke} ok
A Aze] HEAS Hristax A"
HA5 280 = 2 J=E ﬂ‘té‘}‘}ii
I A= & 134 20 AlEd
AZHTEL] = Hol 1.984TE% 1.9902.
24, RBE -08%°14 -05%% 5% WvHl
= AL F AUk =F, % 25 BY, A
HEEY HE HFS 6813914 6.889FA,
T -27%90A - 16%% =] 59} mh
Tl As & Utk d=
=S HS IIPS o HF8F A=
W& gho] vEhgo, o
Astivia®} Zumbo(2015) 2! Morgan(2020)©] A
A Ble} o] power methodE F3 AYA

137 Amel = @ AR HF B

B oo

]

AL e wE wE e
) Y 1

f

f

)

o

B>
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UAFE - FAHA - U+=H / Power methodE 7|8tC 2 oF HI™ XtE ‘4 XL R lavaan IH7|X|E FAo=

B 1 44E HeSo o "W, EEHEAL o # 2 448 HaSo HEO "o, BEFEEAL o
o ®2HRE) 2t Chs HERe) 21t
Indicator mean sd RB Indicator mean sd RB
m 1.989 0.202 -0.005 m 6.868 2495 -0.019
Ys 1.990 0.204 -0.005 Yo 6.887 2.458 -0.016
Ys 1.986 0.206 -0.007 Y3 6.859 2,511 -0.020
Yy 1.985 0.201 -0.008 Yy 6.828 2.391 -0.025
Ys 1.988 0.208 -0.006 Ys 6.871 2.585 -0.018
Y 1.987 0.202 -0.006 Ys 6.859 2.409 -0.020
Yr 1.989 0.209 -0.005 Yr 6.889 2.624 -0.016
Ys 1.985 0.203 -0.008 Vs 6.832 2.529 -0.024
Yo 1.985 0.205 -0.007 Yo 6.836 2519 -0.023
m 1.984 0.198 -0.008 Y10 6.813 2303 -0.027

%Hdownward bias)o] I St= o] EAT ggoz 729 HHEAYS
© Ao st dAHoE Kt AE ARE o] &3 o]algl %}
o, A= Bl BT % < & 39 AFEH 2y FHAESY 4
ZEA OB R, lavaan H7|AE Fall AHHH H] HE R - 04%004 02744 ¢ 22 gk
A A5 AR A& = 2 HAEE KB, RMSE E3F 0.0225F 0.0307HA] 2
npzstin & 2 9k g3 A2 e EYon, 95% ANYA

g

H 30|20 3H 24 FHX| O MCHN HTH(RB), root mean square error(RMSE)2t 95% 7{H 2| X|(.95
CR)

Population Average
Parameters Estimates Kp RMSE R
Factor loadings

Ay 0.700 0.700 0.000 0.026 0.944
Ay 0.700 0.700 0.000 0.026 0.946
Ag 0.750 0.750 0.000 0.028 0.943
Ay 0.800 0.800 0.000 0.028 0.943
As 0.800 0.800 0.000 0.028 0.942
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H 30129 2y 24 F=FK|O| MHE HEHRB), root mean square error(RMSE)Qt 95% 7HH{2|X|(.95
CR) A=)

Population Average
RB RMSE .95 CR

Parameters Estimates

Factor loadings

A6 0.700 0.700 0.000 0.026 0.947
A7 0.700 0.700 0.000 0.026 0.945
Ag 0.750 0.750 0.000 0.028 0.941
Ag 0.800 0.800 -0.001 0.028 0.945
Alo 0.800 0.800 -0.001 0.028 0.943

Factor variance and covariance

0N 1.000 - - - -
D9 1.000 - - - -
D12 0.300 0.300 0.000 0.022 0.947

Error variances

Uy 0.510 0.510 0.000 0.030 0.939
(I 0.510 0.510 -0.001 0.030 0.940
Y3 0.438 0.436 -0.004 0.026 0.940
Wy 0.360 0.360 -0.001 0.022 0.940
Vs 0.360 0.359 -0.002 0.022 0.938
Vg 0.510 0.509 -0.001 0.030 0.939
(I 0.510 0.509 -0.002 0.030 0.935
Vg 0.438 0.437 -0.003 0.026 0.942
Py 0.360 0.359 -0.003 0.022 0.938
Y10 0.360 0.359 -0.003 0.022 0.940

09359l A1 0.9477FA 2 YEY MuthénZ  H7|XE o] &ste] AAHHE WA As5= A
Muthén(2002)°0] AIQFE 71F& WEeTh 5§, AR BF R4S WSS ARE AYsia
2 ATAA ATHT Y FAOE lvan  AFHOR AT o9k Be F A
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37t Aol wet lavaan H7)AE F A
d HAT A5E ola]l B ske] vt
A #AA AEYH AFE s HA
sttt & 4 Qith

AE 2 9

B A7 7o RAL AT AR Y

AAE power methodo] Z]HFsle] FA|HOZ
Agstar, AA vAT A5E YAt A4

g uYowH WY ARE olg3auA 5
L PHE ATASO K8 AuE AT
she Zlolglek. A4 7Hol Se e
RS A AT A% AT 24
of W WAT ARE AHEE Ao AT
Aol 2 L WHoIE BsT WA
43 B HAATS A9 od FR
MR Y PES AgSEE

Aag dAE] A =

ol AT A AAlE AT FA | gte HIA
T ARE AL ol AlEHA
Z&at= d Aol ofEfwol EAY F
ofugtt. ool & A= A 7P wol A
L5+= ¥4 A5 A FEA power method
& HEeR & el 71 delek At
A5E Adse AAE GAEE AAE g
do=x v AR A dF ATAE
o oldE =olaa sl ®Hk ofyz} o]
820 1 adEA 2yS o] 83 A H|
AT AR A4 ANE ATTOBA PYE
ATAEO] BLE & e SolEAAE A
BT ER o AN ATA 4T

T e ETEAH R =9 Mplus AEY2E

=& / Power methodE 7|BICZ o HIE Xt&E dd AL RO lavaan IH7|X|E SHLE

A AFFoEA v As A, 53
power method®] Z&AF HIFES Folax
=g

B AFolAM SHAeE v&E HAT A
WA A= As7E v il
g 9 HRAEY Es AAska, @
&S AIRoE HA ARE AT F A
71 2 BAEHJEA Brksks Al GAZ T
AEo] ok B ATE 7P dEHloE A
L5 = AT A5 A WHA power method
S HEeE ARl HAE AWsidlon,
3] A5 A Z Hr dAA power
methodE A YdF= lavaan T 7)A]| Q] AR
8] A% A =YstAtt lavaan IFAE
o] g3t HIA A5 AP YU MEES
o|-gste] WAt AFET ofgl Hrt TA
of a3 #HA ASES FAl A= A
ojth. ohA] e, WHEES T = gte
oA Ao HIAT As AES BE A5 Al
E9] o]go] Agd U ARE Ao ¢
ot ol Tl dAFAe AR BV dAel
A Mplusg ©]gst] 287} A7 2E By
£ ¥3ksle=A] sk, R & SpsseF 2
0e ZRIgS T MY Vles w
oMY B A
power methodS HIEOE H|AF A7 A
AaE AWk, Mplusst A5
lavaan B 712 & 247 YA o] o =N
A & 7FsAo] 52 AEE AP
e etk 53 A5 AAY AAE G

Ao gy 25 AL} o2 AT A

of
ol
o

%0
> ox ff Wy o

+

o

5 A4 S Addsites #3a8 F e
718 5 AFve AET ol =T A

e,
B ATE AR A4 A wAE A
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oBlE Eaths B gAsigon @ 7}
A ZRelx @ ABHL AT Ak
ARZ, B ATE A4 Az AA ]

o]Q¢l A gol8A j=i: R

a5 =

=
ATAE BE B3 l ?ZWEV‘ =, &
ABREY S ol8stix & B 29

pol mEE A2 AT Bask Aok
ok gl A ﬁ‘{%ﬁ% OE EYEE T8
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W E ol ofRiA genz
FAgel 20 Wag Pl EAL,
T AA AT AR A AAE B
oA & shue] v Ve
sttt ol WEd V|Es vEeE A
I AN Axs AdHstA dishr] A%
Tt} H]E power methodE ©]-&3F AA| A
A Ao A Ao} HsStAl =
] Aol A 3}3F HaKdownward bias)©] }E}
W, w7k 1R eld wael BAE
b este ol AR A4 Bl
lvaan. 47147 583 QT Z ol
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T& AFoANE e B4 B
Al TrFek Bl 7]

ol
r1r 2 '
ol

T o o e e o
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Oll
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MY SN e 3T owd
rlr £ o= |o
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—% o] &-3lHA|

< AASAES W lavaan I7|A|7} o713
By 7)ol Ade viAT AsE AHse
A gRlsk= #go] I8 3l

ol A= Bt E AFE vl

AF A5 WY A FxEtn gAE A

g Ao EH ‘E‘o“ﬁ% ATAEC] AEE

= x4oﬂ «1«17} At} R ofg} lavaan 7]
29l A8 WA F=9} Mplusoll A AlEE o)A

Esﬂ
method & ©]&3t] AlE#H ol AFE T3}
1A ek B dTAEelA A =&
S ATE & Us A= 7Yt

I1ER
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TS 2014). Wi ES AFeA AR EE
ol w= Sobel.CL] 74;<4tm§3ﬂr Bt A A1
faAuyel vz BREIAT, 270,
163-181.
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The process of generating non-normal data based on power method:

using R lavaan package

Minjoo Kim So-Hyun Yoo Su-Young Kim

Department of Psychology, Ewha Womans University

As many real datasets do not satisfy the normality assumption, the need for simulation studies related to
nonnormality has arisen. To conduct such simulation studies, it is important to generate appropriate
non-normal data. Although many non-normal data generation methods have been developed, there is a
lack of studies that discuss the entire process of non-normal data generation. Therefore, this study offers
guidelines that researchers can consider for conducting simulation studies by outlining the process of
non-normal data generation with specified steps. Specifically, the non-normal data generation process will
be discussed based on the power method, which is the most widely used technique for generating
non-normal data, and the program and functions that researchers can utilize will also be examined.
Furthermore, by providing a real example of non-normal data generation based on a two-factor CFA
model along with the program code, we expect that this study will enhance understanding of the data

generation process while providing tools that researchers can use.

Key words : non-normal data generation, power method, simulation, R, lavaan
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