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A Hierarchy of Modeling Challenges

1. A single group covariance structure model

o.9., X=AOA'+Y

2. A single group covariance stlucture model with fixed a priori
loadings

o.9., circumplex strucfure
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3. Single Sample Mepn Structure Model
(a) p - p(e), X free [note: may be easier than CSA]
(b) p,- p(0), 2 -E(D (no fixed nonzero parameters)

k) p - lt(e), Z =E(0) (no fixed nonzero parameters)
(d) p = lt(O)z 2 =Z(0) (many fixed nonzero parameters)
Example of (d): Standard Growth Cq*r Model

It - L[t, X = AOA'* Y, A all fixed parameters

4. Multiple Sample Covariance Stnrctures with cross-

group constraints

5. Multiple Sample Mean and covariance Structures with
cross-group constraints

6. Multiple Sample Mean and Covariance Stnrctures with
cross-group constraints, including fixed nonzero

parameters (e.g., growth curyes in 2or more samples)

7 . Mixfure variants of #6, that is, multiple mean and
covariance structures based on unknown and probabilistic

group membership

8. Now add a multilevel or hierarchical structure (e.g.,

within and Between cluster models) to each of these, etc.



Longitudinal Models as Covariance Structures only

A comment on difference scores - factors may disappear

xt - t\{r+ e,

x, = L€, * tz (Note same A)

This means that the difference score has structure

x2 - xt = (,t€, * €z) - (nA + s, )
= L(€, - €r) + (ez- r,)

so if the factor scores stay quitg stable, the variance of the

difference factor (€, - €r) may get quite small. Most of

the variance in (.x, - xr) maybe due to (er- sl) .

An underused alternative is latent variable residual gain
(see Newcoffib, Scheie t, &Bentler, 1993)
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tors to the various adult mental health measures
(both latent and obsewed). These paths are all
from the final structural model and must be

. considered in conccrt with resuits from the same

M. NEWCOMB, L. SCHEIER, AND P. BENTLER

YOUXE ADUTIIIOOD
0xal
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Fi&t e 1. Final confirmatory factor analysis model. (I-arge circlcs reprasent latent con-
structs' rectanglcs are measured variablcs, and small ciiclcs with numbers are residual
vgriables. Faclor loadings are standardized and all are significant [p < .0011. Not
d?.1"9 in the_figure are two-headed arrows [i.e., correlationsJ joining each pgssible
pair of factors. Estimates for thcse corrclations are given in Tablc a. cEs = c,cnier for
Epidgmiologic Studics; magid - magic ideation; pil * purpos€ in lifc.)

model given in Figure 2 and Table 4. These specific
or nonstandard paths provide a detailed picture of
more specific influences oftoth drug and nondrug
adolescent variables on adutt mentat heatth (seI
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Consequences of Adolescent Drug Use:
Impact on the Lives of Young Adults
by Michael D. Newcomb & Peter M. Bentler
(Newbury Park Sage Publications, 1988)

Jr, High Students Followed to Adulthood
Natural Variation in Drug Use
Many Initial Control Variables
Latent Variable Methodology
Nonstandard (non-LISREt) models
Consequences on: FAMTLy FoRMATToN AND srABrL-

ITY; CRIMINALITY AND DEVIANT BEHAVIOR; SEXUAL

BEHAVIOR AND IIWOL\IEMENT; EDUCATIONAL pUR-

STIITS; LIVELIHOOD PTJRSTIITS; MENTAL HEALTH;

SOCIAL INTEGRATION
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Adolescence Young Adulthood
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Figure 8.3. Final Structural Model Including Measurement Model for
th; Distribution.Free Estimates (AGLSI of the Deviant Behavior
Variables
NOTE: Large clrcles ref lect latent factors, rectangles represent measured
variables, and small clrcles wlth numbers are resldual varlances. Two-headed
arrows are correlatlons and singfe-headed arrows represent regresslon effects.
Parameter estlmates are standardlzed and slgnlf lcance levels were determined
by  c r i t i ca l  r a t l os  ( *p  ( .O5 ;  * *P  ( .O l ;  * * *p  < .OO l ) .
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&olocrncc Your ldulthood
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Figure 9.4. Final Structural or Path Model for the [/!en,s SexualBehavior Variables
NOTE: The measurement  por i lon of  th is  model  ts  not  deplc ted for  s lmpi l -citv. Two'heacted arrows reflect correlattons and slngle-heaoeo arrows representacross't lme regresslon effects. Parameter e*lmates are standardized, reslduatvarlables are varlancEs, and slgnlf lcance leveti were determlned oy- crt i lcal rai los( *P  (  ' o5 ;  r *P  ( .01 ;  * * tp  < .oo l ) .  Nons tandard  e f fec ts  ro r - tn t s  moc te r  a regiven in  Tabte 9.4.
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Year 3

Gender X
Mother

Drug Use

Year 6 Year 1 8

ctri)rtsR, I sTA^) (rfl)
firt{1



?
Cg-

\Jo.tnvo't-

?-V
t_

d

G
2

;tZ
.b

E
frF

t')Jt_
o

o
v,

o

@oEoo

oC
)

c$E€oC
L

oo-c()Q

oEoo

oocoE€oo-

oooU
)

E(u
=

9
.

c
@

-
<

J
5|\-g

=
E

-cO
o

ro
.E

h'=
o

6
Aa

o
fu

'=
o

o
aroo(t,

lz
'(J

(5
m



The Addiction-Prone
Personality

Gordon E. Barnes
Uttiversitl' o!' Victtritt, Victttrit, Ilritislt Colurnltiu, Cttrrudtt

Robert P. Murra] ancl David Patton
Univcrsitl' ttJ' Munitoln, llinnipeg, Mttttilolxt, Cututlo

Peter IVI. Bentler
Uttiversitv ol' CuIitirtriu, I..lts Angeles, Culi.litnfin

and

Robert E. Anderson
Universit.t' r/'M'u' llle.ri*t AIIntprcryua, Nev' Mc.ticrt

Kluwer Academic/Plenum Publishers
Ncrv \brk, lloston, Dordrccht, London, Moscorv
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Personality and Alcohol Abuse Results

.54

.51

.34

.54

.37

-.71

Figure 5.2. Factor loadings of background variables for the longitudinal structural mod
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10E Chapter 5

Figure 5.1. Structural equation longitudinal rnodel: relationships among demographics, personality,
and drinking.

z
x l (51 8, N-980)=l 505.95, p<.OOt, CFt=.93



Pravuilitttt Sciorec Vnl. .1, Ntt. 2, Jnnc J0OJ (": 20lD)

Positive lmpact of Competence Skills and Psychological
Wellness in Protecting Inner-City Adolescents
From Alcohol Use

JenniferA. Epstein,1,2 Kenneth W. Grif f in,1 and Ci lbertJ. Botvinl

@ t enjoyed thirrgs

@+

@-+

@

felt clrcerful

fel( luppy pcrson

felt frcqh and rcstcd

@--+l ""."*','"* I
leam dmost anything @->l .'t"""- t*".*rl

@-+l ,t**r'-t.r, I
@--> drunkenncss frcqucncy

Fig. 1. Confirnralory factor analysis model. Large circles represent latent constructs, rectangtes' are measured variables, and singlc-headed arrows designatc rcsidual varianccs.
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Wellness Protects youth From Alcohol Use

.15***(boys)

.06(girls)

.  l0* ,

epsbiu. 6.,{$'n X t"fu in faocrD

One-Year Follow-Up Two-Year Follow.Up

*p  <  .05 ;  * *p  <  .01 ;  t * *p  < .001

Fig' 2' Structural equations model. Large circles re-present latent factors, and small circles with
numbers reflect residual variances.
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The Relation Between Adolescent Alcohol Use and'peer Alcohol Use:
A Longitudinal Random coefficients Moder

htrick J. Curran
Dukc Univcnity

Figurc 4' Artorcgreslive.gpss-lasged model of adolcsccnt and pcer alcohol.usc. Final rnodel, xr,4,= 363) = 29'3' P - 'ol..ltt parariJrc: n"tu", are sundardizca Au p.r,.r*;;L; arc p < .05.

iffi id: if trjrr,rd_oinicrr Arhoroor copridr rre, br b A.-.- nr"bq*ffii*r*

Eric Stice
Stanford Lhivcaity

Laurie Chassin
Arizone Statc Univcrsity
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Mean and Covariance Stlrrcfures

Y=a+Bx+e
Fr=q*Flt*.,

The parameters of any linear structural
means are the regression cofficients,
covariances of the independent variables,

(1)
(2)

model with structured
the variances and

the intercepts of the

Rewrite (1)

y-al+Bx+e

vanaues.

(3)

The cofficient for regression on a constant is an intercept.

AIso, all measured and latent variables having nonzero
means will be dependent variables.

x= / l r*Xa= Fr l+Xr, (4)

EZ (=e*)



Structured Mean Example

t

In EQS, the constant I is v999 ("last variable in data file")
An intercept of a variable is its model-imptied mean
whenever there are no indirect effects of the constant
(V999) on the variable. when there are such indirect
effects, the total effect is the model-implied mean.

In standard SEM models, some parameters of covariance

strucfure also are involved in mean structure, e.g., in the Bentler-
Weeks approach used in EQS

E = G(I - B),fof ,(I - 8)-1,6'

tt=G(I-B)-'Tp,



However, mean strucfures can be completely unrelated to

covariance structures - for example, we can have a linear

growth strucfure on the means, and a completely unstrucfured

covariance structure. Such separation of parameters is typical

for anova, manova, time series, etc.

-m
ry/

/ t"' 'ffi

Above gives a linear mean growth with unstructured

covariances. Note: c - a*b, where b is the linear increment;
hence b-(c-a). Linear constraints on model are d:a +2(c-a);

e-a*3(c-a).

of course any other covariance structure might do on the right.
Pan and Fan (2002)gave six, and Bentler (in J. werner 2005)
added two more

ffi

ffi

EI

g2

1
Y
E}

EA



Mi E is an arbitrary positive definite matrix
(saturated model),

Mz: E-AOA'+A"OA.'
Mz: E- o'{(L-dlo*pLLt}

Mq: E-AOA'+o2lo

Ms: E- o27Olo-il)r=0,,=,

Ma: E - o'G for a given matrix G.
Mt: E-AOA/+{/
Ma: t - E(0)

Mt applies if only interested in modeling mean growth.
M2is Rao's simple covariance strucfure, where the

residual matrix is structured as the orthogonal complement
A"of the factor loading matrix A.

Mg is the uniform or compound symmetry model of
equal variances and equal covariances.

M+ is called a random coefficient regression strucfure,
but amounts to a factor model with equal residual variances
which may be useful when sample size is small

M5 is a serial covariance strucfure.
M6 allows the covariance matrix to be proportional to a

known matrix.
M7 is the usual confirmatory factor structure, the typical

strucfure used in latent growth curve modeling.
Ms states that any structure is possible.
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BASIC GROWTH CURVE MODEL
ILLUSTRATED FOR ALCOHOL USE

.a,Dz ,{'^ ^ ^-t 
FrrFD Frf€?o( t-oltDrutlc

NOTES:

a -- Mean Alcohol Use at T1

b -- Mean Increment in Alcohol Use from T1 to T2, and T2 to T3
D1 -- Individual Differences in Alcohol Use at T1

D2 " Individual Differences in Linear Slope of Alcohol Use across T1, TZ, Tg



Model-Implied
Covariance Matrix and Means

For
Basic Growth Curve Model

(e.9., Alcohol Tl, T2, T3)

NOTES:
a - Path from Constant to Intercept = Mean Alcohol Use at Tl
b - Path from Constant to Linear Growth = Increment in Means

L I n, ek+-

NOT

DDT

I tu lttg n-NJ S)

u/tctA U cES

CL\t ttA tA N C'6S

T1 T2 T3

T1 var (Dl) + var Gl)
T2 var (Dl) var (Dl) + var @2)

+ var G2)
T3 var (Dl) var (D1) +2var @2) var (Dl) + 4var (D2)

trtr (83)

Means a a+b a+2b



Prediction of Linear Growth: EQS Setup*
DI

EI

at
\T
\+

E3

/spscrFreATroNs
VARIABLES=9; CASES=363 i
ldETHoD=Mr. ; AtitAr.,YSrS=MoIt{El[T ; I'IATRTX=CoVARTAIICE ;
/eeuerroNs
V1 = *V999
V2=
V3=

*v999
*v999

V4 = lFl +
V5= lF l  +
V5= lF l  +
Fl  = *V999
F2 = *V999

/vARrAr{cEs
E1 TO E5 = * i
Dl  To D2 = tc i

/covanra,IvcEs
El TO E3 =*
D2,  Dl  = * i

E4i
E5t
86,
+ rc[2 + rt[3 + Dl;
+ *V2 + *V3 + D2i

+ El ;
+ F,2,
+ E3t
0F2 +
LF2 +
2F2 +
+ *Vl
+ *Vl

*Get EQS from sales@mvsoft.com (free, works -4 weeks)



Some Growth Curve Factor Loading Matrices A

Initial Status Model

The mean strucfure is LL - tt Fe

Interpretation of the Mean Structure (read each row)

Variable
or Time

Intercept
F1

Slope
E2

Quadratic
F3

Cubic
F4

Quart ic
F5

V1 1 0 0 0 0
v2 1 L 1 1 1
v3 1 2 4 8 15
v4 1 3 9 27 81
v5 1 4 15 64 256
v5 1 5 25 L25 625
v7 1 6 35 2L6 L29 6

Variable
Mean

Intercept
F1

Slope
F2

Quadratic
F3

Cubic
E4

Quart ic
F5

14= L lret 0 0 0 0
Fz= L Fet+ L Frz+ L Fpe+ L Fpa+ L Frs
Ps= LFpt+ 2 Fpz+ 4 prs+ 8 Fpa+ L6 lrps
Fq, = L lrn+ 3 Fpz+ 9 pps+ 27 p'rn+ 8L Fes
Fs= L Pet+ 4 Fez+ L6 1-t,rr+ 64 l t  rn+ 255 1,t,ru
Fa= L Fn+ 5 Frr+ 25 l t  rr+ L25 Fpa+ 625 1-t*
Fz= L Fet+ 6 Fpz+ 3 6 1,t,rr+ 2LG [rpa+ L29 6 lreu



Arbitrariness of the Scale of Time

/:A{*e

/:LTT-L€+€-A*€*+e

Hence the mean structure is arbitrary:

p - iy* Fe * where Fex - T-tltt

The covariance structure is arbitrary too:

x-AoA/+{/
X-A*O*A,*+rV

Q* _ T_IQT_',

In other words, the covariance or corelation between the factors
depends on the chosen time scale. "The" correlation between
initial status and growth (linear slope), for example, does not
exist.
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Figurz 2. Final larcnt growth model of adolesccnt ad pccr atcohol usc. Final rnodcl' X2(14, /V = 363)
= 8.4, p = .03. All paramcter values are standardizcd with thc exception of thc fixcd factor loadings.All
pararneters shown arep < .05.'
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A u t o r e  g r c s s i v c  a n d  L a t e n t  c u r v c  l t l o d e l t  I Z V

F I G U R E  4 . 8

Blrtrl"t" siaplex lognt curve model including l.o.gg."d effects between
indicorors. DLp = depression; Anti = onlisociol behovion

.43 .57

Curran, P.J., & Bollen, K.A.(2001). The best ofboth worlds: Combining
autoregressive and latent curve models. In L. M. Collins & A. G. Sayer (Eds.), Ner,r
ntetltodsfor the analysis of change (pp. 107-135). Washington, DC: American
Psychological Association.

Depression
Inte rce Pt

t
a

a

0/

Antisocial
Behovior

Slope

Antisocial
Behavior
Intercept



o\f-o\

[ia
a

)tr
.E

E
'E

r
<

E
d

8
O

E
o

E
;

(\l 
at

v
tnr

L
r

e
9

d
€x
g

c€ O
r

tr{ 
U

€
 3

,.;
^

-
 

@

J
 

9
q

?
€

X
€

;e
€

ss
{€

-R
r'iE

 X

E
 st

ig
s

E
E

rr
-r 

"tri 
s

sE
$

d
E

 E
d

q
s

o
 E

t.'
sg

i
8

 E
€

\ir
/

;/

tt,,

t\IIII

E
I

(r.)

JooUJFzlrlQtnB
I

-Iool&o
\-J|rl

ooo&orq&DFX

i\,,tt
tt
tt
t,
!i
t/_

w
'

t/u,

P
s

9
o

F
rt

ssuq
?

F
. rt

,g
g

b

sg$


