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A Hierarchy of Modeling Challenges
1. A Single group covariance structure model
- e.g., Z2=ADOA' +¥

2. A single group covariance structure model with fixed a priori

- loadings
| (1-0 0]
€.g., simplex structure A=[1 1 0
\ 11 1]
11 0 0]
. | v /01 1 0
€.8., circumplex structure A= |
T : 0 0 1 1
- 100 1]
e.g., initial status growth curve model
(100 0]
1 1T 1 1
A=
1 2 4 §

13 9 27




3. Single Sample Mean Structure Model

(a) u= u(6), T free [note: may be easier than CSA]
(b) = (), £ =Z(y) (no fixed nonzero parameters)
() i = (8), ==2(6) (no fixed nonzero parameters)
(d) p=pu(0), L =2(0) (many fixed nonzero parameters)
Example of (d): Standard Growth Curve Model
H=Ap,, 2=ADOA'+¥, A all fixed parameters
4. Multiple Sample Covariance Structurés with cross-
group constraints R
5. Multiple Sample Mean and Covariance Structures with

- Cross-group constraints _ |
6. Multiple Sample Mean and Covariance Structures with
cross-group constraints, including fixed nonzero |
- parameters (e.g., growth curves in 2 or more samples)
7. Mixture variants of #6, that is, multiple mean and
covariance structures based on unknown and probabilistic

group membership

8. Nowadda multilevel or hierarchical structure (e.g.,

AWithin,and Between Cluster models) to each of these, etc.




Longitudinal Models as Covariance Structures Only

A comment on difference scores — factors may disappear
x =N +¢ |
x, = A&, + ¢, (Note same A)

This means that the difference score has structure

x,— % =(AL +6,)—(AE +5)
=A(& - &) +(g,—8)

'So if the factor scores stay quite stable, the variance of the
difference factor (&, - &) may get quite small. Most of

- the variance in (x, - x,) may be due to (¢, - g).

‘An underused alternative is latent variable residual gain

(see Newcomb, Scheier, & Bentler, 1993)
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Figure 1.  Final confirmatory factor analysis model. (Large circles represent latent con-

structs, rectangles are measured variables, and small circles with numbers are residual

variables. Factor loadings are standardized and all are significant [p < .001]. Not

depicted in the figure are two-headed arrows [i.e., correlations] joining each possible

pair of factors. Estimates for these correlations are given in Table 3. CES = Center for
" Epidemiologic Studies; magid = magic ideation; pil = putrpose in life.)

tors to the various adult mental health measures
(both latent and observed). These paths are all
from the final structural model and must be

. considered in concert with results from the same

model given in Figure 2 and Table 4. These specific
or nonstandard paths provide a detailed picture of
more specific influences of both drug and nondrug
adolescent variables on adult mental health (see
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nsequ of Adolescent Dru
Impact on the Lives of Young Adults
by Mlchael 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-LISREL) models |

| Consequences ON: FAMILY FORMATION AND STABIL-
ITY; CRIMINALITY AND DEVIANT BEHAVIOR; SEXUAL

* BEHAVIOR AND INVOLVEMENT; EDUCATIONAL PUR-

SUITS; LIVELIHOOD PURSUITS MENTAL HEALTH;

SOCIAL INTEGRATION
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Figure 7.2. Final Structural or Path Model for the Family Formation Variables

NOTE: The measurement portion of this model Is not depicted for‘slmpllclty. Two-headed arrows reflect correlations and single-
headed arrows represent across-time regression effects. Parameter estimates are standardized, residual variables are variances, and
significance levels were determined by critical ratios (*p < .05; **p < .01; ***p < .001). Nonstandard effects for this model

are given in Table 7.2.
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Figure 8.3. Final Structural Model Including Measurement Model for'

the Distribution-Free Estimates (AGLS) of the Deviant Behavior

Variables | . )
tangles represent measure

NOTE: Large circles reflect latent factors, rec

variables, and small circles with numbers are residua! variances. Two-headed

arrows are correlations and single-headed arrows represent regression effects.

Parameter estimates are standardized and significance levels were determined
by critical ratios (*p < .05; **p < .01; ***p <.001).
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Figure 9.4. Final Structural or Path Model for the Men’s Sexual
Behavior Variables : :

.NOTE: The measurement portion of this model is not depicted for simpli-
. city. Two-headed arrows reflect correlations and single-headed arrows represent
across-time regression effects. Parameter estimates are standardized, residual
variables are variances, and significance levels were determined by critical ratios
(*p < .05; **p < .01; ***p < .001). Nonstandard effects for this model are
given in Table 9.4. :




Family Context Early Adolescence Late Adolescence

.59:aa;
]

Child Child
Socislly —_ L Socislly
Deviant | Deviant
Attitudes Attitudes

Emotional
Distress

Child Child
Emotional Emotional

Distress h Distress

Family

IDisruption

Child thought
disorganization

Newcomb, M. D., & Bentler, P. M. (1988). The impact of family context, deviant
attitudes. and emotional distress on adolescent drug use: Longitudinél latent-
variable analyses of mothers and their children. Journal of Research in
Personality, 22, 154-176.
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Personality' and Alcohol Abuse Results
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Figure 5.2. Factor loadings of background variables for the longitudinal structural mod
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- Prevention Science, Vol. 3, No.

~

2, June 2002 (5 2002)

Positive Impact of Compétence Skills and Psychological
Wellness in Protecting Inner-City Adolescents

From Alcohol

~ .

Use

Jennifer A. Epstein,- Kenneth W. Griffin,’ and Gilbert J. Botvin'
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Fig. 1. Confirmatory factor analysis model. Large circles represent latent constructs, rectangles
are measured variables, and singlc-headed arrows designale residual variances.
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numbers reflect residual variances,
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‘oumal of Consulting and Clinical Psychology . ' Copyright 1997 by the American . iasion, Ine.
1997, Vol. 65, No. 'll.'lso-uo » Wm .00

The Relation Between Adolescent Alcohol Use and Peer Alcohol Use:
A Longitudinal Random Coefficients Modej

Patrick J. Curran ‘ ‘ Eric Stice
Duke University . Stanford University

Laurie Chassin
Arizona State University

Longitudinal latent growth models were used to examine the relation between changes in adolescent
alcohol use and changes in peer alcohol use over a 3-year period in a community-based sample of
363 Hispanic and Caucasian adolescents. Both adolescent alcohol use and peer alcohol use were
characterized by positive linear growth over time. Not only were changes in adolescent alcohol use
Cbselymlawdwchangesinpeallcoholuu,bntdleiniﬁll stanuonpeetleoholmwupmdicﬁw
oflaxerincreasesinadolemntdeoholmnndtheiniﬁalsmonadolwllwholusewas

* predictive of later increases in peer alcohol use. These results are inconsistent with models positing
solely unidirectional effects between adolescent alcohol use and peer alcohol use.

Time 1 | Times ]
Adolescent (333 Adolescent 39 Time
Alcohol Use Alcohol Us Lu o
) N> l
: ‘ y
Time | _ Tine 2 .
Alcohol Use 48 Alcohol Use -4l

Figure 4. Autoregressive cross-lagged model of adolescent and peer alcohol use. Fi

nal model, x2(14, N.
= 363) = 29.3, p = .01. All parameter values are standardized. All parameters sho

Wn are p < .0S.
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Mean and Covariance Structures_

y=a+px+¢& (1)
H,=a+pu, 2)

The parameters of any linear structural model with structured
means are the vregression coefficients, the variances and
" covariances of the independent variables, the intercepts of the
dependent variables, and the means of the independent variables.

Rewrite (1)
y=al+ fx+¢ )

The coefficient for regression on a constant is an intercept.

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

X=p0 +X,=pul14+x%,, 4)
- AR o
Hx V2 (=yfe— E2 (=€)
. p™
V1(=x)

E1 (=x‘a)




Structured Mean Example

* 'y

E1 E2

vagg

In EQS, the constant 1 is V999 (“last variable in data file”)

An intercept of a variable is its model-implied 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

‘structure also are involved in mean structure, e. g., in the Bentler-

Weeks approach used in EQS
X=G({I-B)'reoru-am"ag'
p=G(I-B)'Ty,




However, mean strﬁctures can be completely unrelated to
covariance structures — for example, we can have a linear
growth structure on the means, and a completely unstructured
covariance structure. Such separation of parameters is typical

for anova, manova, time series, etc. -

CONSTANT

fe—>It—> Je—p U

Above gives a linear mean growth with unstructured

| covariaﬁces. Note: ¢ - a+b, where b is the linear increment;

hence b=(c-a). Linear constraints on model are d=a+2(c-a);
e=at+3(c-a). |

| Of course any other covariance structure might do on the right.

-Pan and Fan (2002) gavé six, and Bentler (in J. Werner 2005)

added two more




M. X is an arbitrary positive definite matrix
- (saturated model).

My T =A®N +AOA
My S=0{(1-p), +pll'}
M4I E—A@A/‘FO’ Ip

Ms: T =o"(p" )ici i<p

Ms: ¥ = o’G for a given matrix G.
My T=A0A +VU

Mg: X =3(0).

M, applies if only interested in modeling mean growth.

M, 1s Rao’s simple covariance structure, where the
residual matrix is structured as the orthogonal complement
- A, of the factor loading matrix A.

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

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

M5 is a serial covariance structure.

M allows the covariance matrix to be proportional to a_
known matrix.

M; is the usual confirmatory factor structure, the typical
structure used in latent growth curve modeling.

M states that any structure is possible.
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BASIC GROWTH CURVE MODEL
ILLUSTRATED FOR ALCOHOL USE

ALCOHOL
" T1

~lconsTanT

ALCOHOL |
-T2

NOTES:
a--M

LINEAR
GROWTH

ALCOHOL
T3

o ’(\F.xep BACTOR LoADINGS

ean 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 o'f Alcohol Use across T1, T2, T3




Covariance Matrix and Means

Basic Growth Curve Model
(e.g., Alcohol T1, T2, T3)

Model-Implied

For

1 T1 T2 T3
T1 var (D1) + var (E1)
T2 var (D1) var (D1) + var (D2)
, + var (E2)
T3 var (D1) var (D1) + 2var (D2) var (D1) + 4var (D2)
+ var (E3) ‘
' Means a a+b a+2b
NOTES:

a — Path from Constant to Intercept = Mean Alcohol Use at T1
b — Path from Constant to Linear Growth = Increment in Means

LINEAR IN MEMS)

NoT VARIANCES

NoT COV ARLA NCES




Prediction of Linear Growth: EQS Setlip*

/SPECIFICATIONS

VARIABLES=9; CASES=363;

METHOD=ML; ANALYSIS=MOMENT; MATRIX=COVARIANCE;
- /EQUATIONS o

Vi =  *V999 + EI1;

V2 =  %*V999 + E2;

V3 = *V999 + E3;

V4 = 1Fl1 + OF2 + E4;

V5 = 1F1 + 1F2 + ES5;

V6 = 1F1 + 2F2 + E6;

Fl = *V999 + *V1 + *V2 + *V3 + D1;
F2 =  *V999 + *V1 4+ *V2 + *V3 4+ D2;
/VARIANCES |

El TO E6 = *;
D1 TO D2 = *;
/COVARIANCES
El TO E3 =*
D2, D1 = *;

*Get EQS from saleé@mvsoft.com (free, works ~4 weeks)




Some Growth Cﬁrve Factor Loading Matrices A

Initial Status Model

Variable |Intercept |Slope |Quadratic|Cubic |Quartic
or Time |F1l F2 F3 F4 F5

V1 1 0 0 0 0

V2 1 1 1 1 1

V3 11 2 4 8 16

| va 1 3 9 27 81

V5 1 4 16 64 256

V6 1 5 25 125 625

v7 1 6 36 216 1296

‘The mean structure is 1 = Ay,

Interpretation of the Mean Structure (read each row)

Variable |Intercept | Slope |Quadratic Cubic |[Quartic
Mean Fl F2 F3 F4 F5
P = 1 pipy 0 0 0 0

| My = 1pp + 1y |1pps+ 1pp,+ 1 gy

| My = 1 g+ 2 ppy+ |4 M3t 8 fipy + 16 pupy
Py = 1 g+ 3 gyt |OHps+ 27 ppy+ |81 pupg
Hs = 1 pip + 4lpy+ |16 pps+ 64 ps+ | 256
Mg = 1y + Stp,+ |25 g, + 125 ;4| 625 4,
Hr = 1 pp+ 6 ppa+ |36 Lps+ 216 pyp,+| 1296 pyy




~ Arbitrariness of the Scale of Time
- z=A+¢
2=ATT € +e=A*E*4e

Hence the mean structure is arbitrary:
p=A*p, * where p * = T"l,u,s

The covariance structure is arbitrary too:

T =APAN + T
Y=A*P* A * 1P
o* =T o7V

~ In other words, the covariance or correlation between the factors
depends on the chosen time scale. “The” correlation between
initial status and growth (linear slope), for example, does not

exist.




Figure 2. Final latent growth model of adolescent and peer alcohol use. Final model, x2(14, N = 363)
= 25.4, p = .03. All parameter values are standardized with the exception of the fixed factor loadings. All
. parameters shown are p < .05. :
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Autoregressive and Latent Curve Models 129

FIGURE 4.8
Bivariate simplex latent curve model including lagged effects between

indicators. Dep = depression; Anti = antisocial behavior.

Depression
Intercept

.43 57

Antisocial
Behavior
Slope

Antisocial
Behavior
Intercept

Curran, P. J & ‘Bollen, K. A. (2001). The best of both worlds: Combining

' autc;regr;ssw;: and latent curve models. In L. M. Collins & A. G. Sayer (Eds.), Neu
methods for the analysis of change (pp. 107-135). Washington, DC: ican
Psychological Association. o Amerlqan




MIXTURE GROWTH MODEL OF ADOLESCENT ALCOHOL USE

979
N N N A N N N N
- | quantity || quantity || quantity || quantity frequencyl | frequenc '
y| |frequency | | frequency
I_M 7 || grade 8 grade 9 grade 12 grade 7 ||grade 8 grade 9 grade 12
Quantity Quantity Frequency Frequency
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\:\\ = \\ ------------- ’,/ p SR /:/'
RiSk Taking \ |
, | N
Latent ’
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Classes : Problems
Emotional —> ‘
Distress

Colder, C. R., Campbell, R. T., Ruel, E., Richardson, J. L., & Flay, B. R. (2002). A finite
mixture model of growth trajectories of adolescent alcohol use: Predictors and consequernces.
Journal of Consulting and Clz_'niqal Psychology, 70, 976-985.




