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Why SEM for Longitudinal Analysis?

* Lots of flexibility




Why SEM for Longitudinal Analysis?

* Lots of flexibility
— Numerous longitudinal models can be fit and compared

* RM ANOVA, linear and nonlinear growth curve models, time series models, survival analysis*,

growth mixture models*, etc.
— Study multivariate systems
* All models profit from SEM capabilities

* Account for measurement error explicitly (time-specific, if desired)
* |ncorporate latent variables

e Cutting-edge algorithm for missing data

* Incorporate one’s knowledge of the process under consideration




Why not SEM for Longitudinal Analysis?

* Requires measurements at the same time-points across the sample

— Mixed effects models more appropriate for variably spaced measurements

* Multivariate normality assumption

|¥| Sample

* Large sample technique  Errr——— -

pid Anxiety 1 Anxiety 2 Anxiety 3
1 1067382320 0.8 2.6 2.9
2 1073318725 29 2.9 4.6
3 1074129213 1.1 1.8 2.0
4 1074814527 1.3 1.6 41
5 1078354488 1.6 3.9 4.2
6 1081706328 1.8 1.2 2.4
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SEM Intro (elevator version)

SEM Path Diagram Elements

Manifest Latent
variable Variable

A

Variance or - Constant
Covariance Regression
or Loading

Simple Regression Example
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SEM Inner Workings
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SEM Inner Workings
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Modeling Trajectories with SEM
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Modeling Trajectories with SEM

DR
m STATISTICAL DISCOVERY
! FROM SAS

Copyright © SAS Institute Inc. All rights reserved




Modeling Trajectories with SEM

Anxiety, = By + By Time;
BO f— 3 Time 2
Bl - COOH’hl@ SAS Institute Inc. All rights reserved




SEM Inner Workings

Expected
Path diagram . covariance
. implies
depicts a model and mean
structure

Estimation Sample
tries to covariance
match and means

Residuals to
assess fit
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Modeling Trajectories with SEM

Best Fit . ’

Anxiety;s = By; + By; Time, i =individual, £= time

BOl = 3 -|— u('{)'i{nez luﬂl] NN lo]Tlm 30'5 0'021
By =0+ uy, Uy, oly Of
o
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Modeling Trajectories with SEM

Unobserved,
error-free
trajectories

e, ~ N (0, O'ez)

Anxiety;; = By; + B1; Time; + €;; i=individual, ¢=time
BOi — 26 + u()l'
Bli — 03 + uli

Time 2




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

1
2
3

= Avg Trajectory

Unobserved,
error-free
trajectories

e, ~ N (0, O'ez)

AnXietyit = BOi + Bli Timet + eit I =individual, £= time

By, = 2.6 j -
P S 1 O (W )

Time 2 Time 3




Modeling Trajectories with SEM

Quadratic Latent Growth Curve Model

Anxiety;; = By; + By; Time; + B,; Time{ + e,
Boi = My + uy,
By =M+ uy
By = M, + uy,

Time 3




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

e ~ N(0, Uez)

Ll (B )

010




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — M() + uOl'
Bli — M1 + uli

e ~ N(0, Uez)

[Zii] -N <l8] , lagz Uj;]) Intercept (BO)
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Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
By =M+ uy,

e ~ N(0, Uez)

[uol'] ~N [O] 0.02 O-(?l Intercept (BO)
Ui 0l"|g2 2

010 01




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

eit"’N(OrUez) '

[Zii] -N <[8] , lagz szlD Slope (B1)
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Anxiety 1, = 1By; + 0B; + e




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

eit"’N(OrUez) '

Ll (3 )

AnXlety 1i = 1BOi + OBli ar eil
Anxiety 2, = 1By, + 1Bq; + e




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

eit"’N(OrUez) '

Ll (3 )

AnXlety 1i = 1BOi + OBli ar eil
Anxiety Zi = 1B0i + 1Bli + e
Anxiety 3y = 1By; + 2B; + €53




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

eit"’N(OrUez) '

Ll (3 )

Time,
Anxiety 1, = 1By; + 0B4; + ¢4
Anxiety 2, = 1By; + 1B¢; + e
Anxiety 3; = 1By; + 2B; + €53




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

e ~ N(0, Uez)

Ll (B )

010

Time,
Anxiety 1, = 1By; + 0B4; + ¢4
Anxiety 2, = 1By; + 1B¢; + e
Anxiety 3; = 1By; + 2B; + €53




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

e ~ N(0, Uez)

i 0'10 0'12

)
([ )

Time,
Anxiety 1, = 1By; + O0By; + e Anxiety 1
Anxiety 2, = 1By, + 1By, + ey, ©
Anxiety 3; = 1By; + 2Bq; + e;3 Wk1 Wk2




Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

eit"’N(OrUez) '
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Time,
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«

Anxiety Zi = 1B0i ar 1Bli + €
AnXiety 3i > 1B0i + ZBli + €3
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Modeling Trajectories with SEM

Linear Latent Growth Curve Model

Anxiety; = By; + B1; Time; + e,
BOi — MO + uOi
Bli — M1 + uli

e ~ N(0, Uez)

el (0175 %
(/% 01’ |52
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- b 7 ©
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Anxiety 1, = 1By; + O0By; + e Anxiety 1
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Anxiety 2, = 1By; + 1B; + ey % 2month ) 43

Anxiety 3; = 1By; + By, + ;3




Implied Covariance and Mean Structures

Anxiety1 Anxiety2 Anxiety3

Anxietyl ( of + o2 h
Anxiety2 | o? + 02, of + of + 20%, + 02
oé +30f + 40f, of +30f + 307 + aé

Anxiety3 \002 + 307,

Covariance

M, M+ M, My+3M;, |

Anxiety 1, =
Anxiety 2i — 1BOi + 1Bli + €
Anxiety 3; = 1By; + 3By, + e;3 e, ~ N(0,02)

BOi = MO + Uy uOi] N [0] 002 051
By =My + uy, Uy; 01’62, o




Repeated Measures:

Anxiety (0-100)
C1 ngc Health Complaints (0-28)

COVID-19 PSYCHOLOGICAL RESEARCH CONSORTIUM

Time invariant:
Resilience

Three waves of data from the UK strand (N = 2,878)
March/2020 April /2020 June/2020




Summary
Latent Growth Curve Models

Enable understanding of overall and individual change over time

|dentify key predictors that distinguish patterns of change
Examine effects that growth factors have on outcomes

Explore associations of changes across processes

I[lustration

— Observational data «« No causal inferences Experimental data can be used too!

— Used manifest variables for Anxiety Latent Anxiety variables can be used too!
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Key ingredient for well-being!
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