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The Principles of Multilevel Path Analysis, Multilevel Factor
Analysis, and Multilevel Latent Variable Growth Curve Model:
Muthen - Based Approach

Sungworn Ngudgratoke

ABSTRACT

In social and behavioral science research, researchers are frequently interested
in studying the data with hierarchical or nested structure. When these data are analyzed
by such conventional statistics as multiple regression, factor analysis, or even latent
variable growth curve model, the assumption of independence of observations
would be violated. This leads to lower standard error, thereby increasing the probability
to reject null hypothesis and ultimately causing misconstrued research conclusions.
Muthen deliberately developed multilevel structural equation modeling in order to
exterminate these statistical shortcomings. This exquisite technique has been generally
believed that it is an extension of conventional structural equation model that can be
substantially applied to formulate a manifold of advanced structural equation modeling
such as multilevel path analysis, multilevel factor analysis, and multilevel latent
variable growth curve model.

In this article, Muthen - based methodology of multilevel analysis was
delineated in general concepts but fully covered conceptual contents of his notions.
In the last section, the method of preparing variance - covariance matrices was illustrated
by using SOURCEBW program developed by Muthen so as to calculate within
and between variance - covariance matrix, common group size, and intraclass
correlations to be used as data input for analyzing multilevel structural equation
modeling through LISREL or EQS.
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get file=“a\totalgrw.sav”.
aggregate outfile=“a\bw.agg”
/break=school
/size=nu(school).
get file="a\bw.agg”.

. sort cases by size school.
freq vars=size.
save outfile=“aNbw.agg”.
match files
/file=“a\totalgrw.sav”
/table=“a\bw.agg”
/by=school.
sort cases by size school.
freq vars=size.
write formats
time) time2 time3 time4 time5
(fs.2).
write outfile=“a\bw.dat” records=1
/time1 time?2 time3 time4 times .

execute.

O A ot

o~ ey v ° & P o« 9 Aa .~ a v o

HaANSALAANAGREsuINTE  aziinsdngduuudayaFesmnsoulsngidy
v | (84 [ - . . . . . >
mmn’mﬂu‘lwmm;l‘a'lnu Aalifauls time1 time2 time3 timed WAY time5 AINAAU 1At
~ & Vv P d o o v ] ~ < - ° 1 &
uuwnwa:ga‘lu‘lwlam bw.dat TauNnMuAasAulsInAian 2 Funde uanani

- 1 d A d [} L [} 1
{sunsn SPSS fRTIENUANNITUANKAIATND (M1399 1) 199 UUMURBARatl LR
< v ' - Ao v a P [ ° P

(5a5ausmedn SnFouniinGouiseummainge 2 AU AU 1 1Sau 24 A
° - ° o a v n‘n‘\lvar ° [
AU 1 1FEU war 247 AU A uau 1 18Feu wWusu nsuanuasaanudnlailasin Ul

Feumadlulilsunsy SOURCEBW
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Size Frequency Percent Valid Percent ~ Cumulative Percent
2 1 12.5 12.5 12.5
24 1 12.5 12.5 25
30 1 12.5 12.5 37.5
a6 1 12.5 12.5 50
49 1 12.5 12.5 62.5
53 1 12.5 12.5 75
61 1 12.5 12.5 87.5
247 1 12.5 12.5 100
Total 8 100

nadngniinednGeerntesilsludluing bw.dat Hed (hanueaduiidiies
16 AU AN 512 AU)
1000  19.00  20.00  30.00  33.00
11.00  23.00 36,00  39.00  40.00
31.00  32.00  40.00  44.00  44.00
23.00  33.00  37.00  40.00  45.00
38.00  38.00  40.00  40.00  41.00
47.00  45.00  47.00  48.00  49.00
32.00  39.00  40.00  41.00  41.00
40.00  42.00  42.00  44.00  44.00
18.00  25.00  36.00  38.00  44.00
15.00  16.00  16.00  16.00  30.00
28.00  40.00  40.00  41.00  44.00
10.00  17.00  18.00  23.00  24.00
43.00  45.00  45.00  47.00  48.00
16.00  33.00  38.00  38.00  40.00
38.00  39.00  40.00  42.00  42.00
9.00 39.00  40.00  40.00  44.00
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-t - o o
aanadiauaderanlusunsy SOURCEBW

mm‘nm‘iﬂﬂmm SOURCEBW azidaululdsunsy Q-EDIT ‘lmﬂmumana dat
madaumadiiann ¢ ussvin fnuuuinldeasdunsil

Q P G D Ntot

N

Ig

Iscalb Iscalw Isclrb
Iunit

Fortran Input Format

A4 J
UIINAN 1
=4 ° -~ -
Q A2 A uumwlITEALNUAIA
= o s -
P A2 {wausawlsreauqania
< ° J
G AD AUUNRN
- ° ) e ' -~ . . .
D A2 *UuUNgunAIUInlANRAIaNY (distinct group size)
Ntot A9 AIUIUNUILFAALNYIUNA
& J
usInNen 2

-] L 1 - 1 1} 1 dd [} - o« .’: 1
N fa Susunmicgfetrauraznguidaunauanaiu (Anamun D ngy)
d (-3 : o t & 1 ] 1 [} L ' -~ at
asnmisiivfeyauniaiianalaauaumiagmadialunsasngruiniuviasanuils
‘ P = “ o | a ( > ' ° = °
Wi 15eFeui 1 ansiunFaundumisamattadiuoy 30 A 1B oun 2 Sduau 20 Au
™= = ao a 1 & P e o \ ™ | e
uadlsaBeun 3 J4uau 20 AU aTiudIa NG auiNRIumintAatIuIR
) e a ] v & o & v A o [ - -
UWANANNNY HEN 2 A1 AB 20 uaL 30 AatumAluursatiRadauliiily 20 30 (@auFe
o L4 1] ‘ - L4 A -
muasuanAdetldvinn ieliaenasamsaiuivdeyamiuiinllulvg bw.dat)

- J
UIINaN 3
el o U d‘d t - 1] 1) S I 4 - A

Ig AB mmunquwuumﬂmfmtmm’mu'luuma:mmmqu‘l’ﬂum?wmmm /7N
- 1 - i ] -~ ] A 1 -~ 1 a I'/ L4 A
AR ENNANNHIUN AN A aENANAY 2 A1 (20 uar 30) ﬁm?:qmﬂﬂummmmﬂm
+ I‘: I’: ° ' d 1 & [} 13 b ! 1 U Aﬂ °
Qﬁmammmmuuﬁmuaunquwﬁmmmuwm@mumnu 20 ﬁnqu UWRSNANNHNIIUIU
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Wiy 30 Angu AetuAnussvinRassssidtumadluussianadlaiiu 2 1 (munaaanw
MNISAFUUNAMULLFA8EIY 20 AU AWM 2 199Feu  uasilsaFouniaiuqunas
AaBENN 30 AU Y 1 15a3Eu)

L J
UITNan 4

a 6o & o o - ° ' o ' y ° a

WU AN g9 deanUNITIR NI UAUNUI LA BEILNANITATUIULNYIFNTGA2IN
wdsUsau-annwdsdsauson Bundauaadailu o o 1 WWalvldsunsuAiwanuavisndaau
wlsUsau-AnulrUsausaNmNAEMsAATIEiIaY Muthen

- J
UITNAN &

!

mudagduuunsiufinAawaulswAsEAGIINAUME (TanaanAlien)

o o
UIINAN 6
v ~ & Vv (R s a o -~ ' o o = =
‘L‘ﬂLl.ﬂf’NIL]LLUU‘I]'H\IH’]TUNV]H‘H?]N“W]’]NﬂQLLlJTﬂWlllﬂzﬂ']LLﬂ?Llﬂﬂﬁﬂ’JNV]ﬂuﬂNﬂ

o 1 1 1 o :Jv <t v o & J
umdd TlsunsuazanummaulsniunnlAninA et

-~ ' - - - o o £ <
ANFatNNTATENd AR ETLATIETLNLAAT AN UINTNAFNONENIINT T a Y
L) - L] .I/ - J
AMMIBINOE [ra NN Tadaum Al ARl

0 5 8 8 512
224 30 46 49 53 61 247
T1T 1111 11

(5F8.2)

a4 a ¢ o < v 1% “ o «
Walsumauaiauatasiaaiuiinatlwaunana dat

n93tAsncvidaya

dsunsy SOURCEBW lultsunsuivmunliguiunisdameiluneidunaa

Ll A ) = -3
marmzidayadreadililasaneidetvadusunsuufafind BWB fazanansadng

¥

[ .'/ 1] J
Wsunsulapnapderalu
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CN>SOURCEBW\BWB

wisnnildsunaadlilddelndmas Indleys warlnduadng ddlnduadngsas
Aunana dog aanuu na enter Nsunsufaziissideyalinfaniniufinnanis
AnmeriadIidTinanuana log 13laudnluia

drassraauanisiiagvidayaalulusunss SOURCEBW

Q. P, G, D, AND NTOT ARE:

AND N(1), ..., N(D) ARE:

AND THE NUMBER OF GROUPS FOR THOSE N VALUES ARE:
AND ISCALB, ISCALW ARE:

0 5 8 8 512

2 24 30 46 49 53 61 247
1 1 1 1 1 1 1 1

0 0 1

AD HOC ESTIMATOR CONSTANT AND ITS SQRT
52.62500  7.25431

POOLED WITHIN SAMPLE COVARIANCE MATRIX (AUGMENTED WITH
DUMMY 1/0 ELEMENTS FOR Z
IN 1,1 AND 2,1 PARTS)

0.115429D+03 0.106080D+03 0.110689D+03 0.100005D+03 0.104579D+03
0.106395D+03

0.931540D+02 0.979231D+02 0.998790D+02 0.100304D+03 0.837574D+02
0.891096D+02

0.915430D+02 0.929490D+02 0.956447D+02
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POOLED-WITHIN SAMPLE CORRELATION MATRIX

0.100000D+01 0.938478D+00 0.100000D+01 0.902408D+00 0.963675D+00 0.100000D+01

0.865732D+000.929335D+00 0.966839D+00 0.100000D+01 0.797140D+00 0.866047D+00

0.907474D+00 0.948974D+00 0.100000D+01

REGULAR BETWEEN SAMPLE COVARIANCE MATRIX

0.111153D+04 0.114659D+04 0.123887D+04 0.108319D+04 0.119479D+04 0.116970D+04

0.102058D+04 0.113798D+04 0.112127D+04 0.108196D+04 0.998585D+03 0.112099D+04

0.111051D+04 0.107289D+04 0.107380D+04

REGULAR BETWEEN SAMPLE CORRELATION MATRIX

0.100000D+01 0.977091D+00 0.100000D+01 0.949958D+00 0.992520D+00 0.100000D+01

0.930635D+000.982916D+00 0.996706D+00 0.100000D+01 0.914034D+00 0.971915D+00
0.990883D+00 0.995380D+00 0.100000D+01

ESTIMATED BETWEEN COVARIANCE MATRIX

0.189283D+020.197722D+02 0.214382D+02 0.186828D+02 0.207165D+02 0.202054D+02

0.176232D+020.197636D+02 0.194088D+02 0.186538D+02 0.173839D+02 0.196083D+02

0.193627D+02 0.186212D+02 0.185873D+02

ESTIMATED INTRACLASS CORRELATIONS FOR THE Y VARIABLES

0.146933D+00 0.170283D+00 0.167368D+00 0.164308D+00 0.170790D+00
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ESTIMATED BETWEEN CORRELATION MATRIX

0.100000D+01 0.981534D+00 0.100000D+01 0.955327D+00 0.995382D+00 0.100000D+01
0.937878D+00 0.988300D+00 0.999730D+00 0.100000D+01 0.926794D+00 0.982284D+00
0.999139D+00 0.100004D+01 0.100000D+01

OVERALL MEAN VECTOR FOR (Z AND) Y

0.230430D+02 0.264707D+02 0.287832D+02 0.311074D+02 0.332813D+02

SQRT(C)*OVERALL MEAN VECTOR FOR (Z AND) Y

0.167161D+03 0.192027D+03 0.208802D+03 0.225663D+03 0.241432D+03

wrindronautsLlsau-anuulslsrudaanisssiunelunguuazszudnanguann
TUsunsu SOURCEBW  ilazthliddiamziteyanyssauvclulainanisidudninaids
AUMALULNYTEAL  LuaalAavmuIN suuuiAaulsurRuLuNYsEAL waznnsilATIEd
asmlssnaudefiudunuunyseay

ADE1918IM Tl NaaNN1T1ATIETI9ALATIEUINLAA BN ENALTAUUALLUNY
7o feanuazannsaaaiadnlAlunuees dwsal Ianseinn (2543), Kaplan uae Elliot
(1997), Kaplan (2000), war Heck uar Thomas (2000) drunsldluiasaunisiasaaing
a « [ .~ =g o = v
AATIET AIALTENALIWLUNYTEA AwNT0ANEIANIANIAAINUTEY Muthen (1991),
Hox (1993) uaz Heck uat Thomas (2000) uatlaiAglATHRILINTULLNYTEALAINATD
< a a Wy a..Y
ANENIANIANTAAINAWIBY Duncan UAYANY (1997, 1998, 1999) 1usu

1J'Vlﬁ‘§l‘ll

midmssinyszaudatilsunsnannisiaseaing i lsunsy LISREL vwia EQS

ay aa

Hdaanaunsnuentdinnsiansinyszausanidldvanolssian 1y mMsrmsianing
BIAUMAULLLUWYIEAL NITAATIEHAIALTENOLLLILNWIEAY LAENNINATIZALNLAR IAIWARILN

o e - & QA g acs aa & aa ¢« L
ﬂ’ITLLU'LINVl’JLl.ﬂ‘i‘LLFJQLl.UUW'I/!i‘SﬂU mmmﬁl.ﬂmﬁmimmnmu@muﬂiz‘imumammnm
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