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Why SEM for Longitudinal Analysis?

• Lots of flexibility

“…its [SEM’s] flexibility 
can dramatically extend 

your analytic reach.”
Singer & Willet (2003)
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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)
• Incorporate latent variables

• Cutting-edge algorithm for missing data 

• Incorporate one’s knowledge of the process under consideration
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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
• Large sample technique
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SEM Inner Workings

X Y
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SEM Inner Workings
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SEM Inner Workings

X Y

1
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Modeling Trajectories with SEM

How anxious are you about the pandemic?
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How anxious are you about the pandemic?
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Modeling Trajectories with SEM

How anxious are you about the pandemic?
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How anxious are you about the pandemic?
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Modeling Trajectories with SEM

How anxious are you about the pandemic?

𝐴𝑛𝑥𝑖𝑒𝑡𝑦$ = 𝐵0+ 𝐵1𝑇𝑖𝑚𝑒$
𝐵0 = 3
𝐵1 = 0
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SEM Inner Workings
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structure
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Modeling Trajectories with SEM
How anxious are you about the pandemic?
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How anxious are you about the pandemic?

Best Fit
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How anxious are you about the pandemic?

Time 1 Time 2 Time 30

1

2

3

4

5 1
2
3

Best Fit

Modeling Trajectories with SEM

How anxious are you about the pandemic?

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ i =	individual,	t =	time
𝐵0𝑖 = 3 + 𝑢0𝑖
𝐵1𝑖 = 0 + 𝑢1𝑖

𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('



C o p y r i g h t  ©  S A S  I n s t i t u te  I n c .  A l l  r i g h t s  r e s e r v e d .

Modeling Trajectories with SEM

How anxious are you about the pandemic?
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How anxious are you about the pandemic?How anxious are you about the pandemic?

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡 i =	individual,	t =	time
𝐵0𝑖 = 2.6 + 𝑢0𝑖
𝐵1𝑖 = 0.3 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')

Unobserved,
error-free
trajectories
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Modeling Trajectories with SEM
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How anxious are you about the pandemic?How anxious are you about the pandemic?

Unobserved,
error-free
trajectories

Avg Trajectory

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡 i =	individual,	t =	time
𝐵0𝑖 = 2.6 + 𝑢0𝑖
𝐵1𝑖 = 0.3 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')

𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

Linear Latent Growth Curve Model
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Modeling Trajectories with SEM
Quadratic Latent Growth Curve Model

How anxious are you about the pandemic?

Time 1 Time 2 Time 3 Time 4 Time 50
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How anxious are you about the pandemic?How anxious are you about the pandemic?

Fit

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝐵2𝑖 𝑇𝑖𝑚𝑒$' + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖
𝐵2𝑖 = 𝑀2 + 𝑢2𝑖
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝑢0𝑖

𝑀0
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝑢1𝑖

𝑀1
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝑒𝑖2𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝑒𝑖3𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 2𝐵1𝑖 + 𝑒𝑖3
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 2𝐵1𝑖 + 𝑒𝑖3

𝑇𝑖𝑚𝑒𝑡
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 2𝐵1𝑖 + 𝑒𝑖3

𝑇𝑖𝑚𝑒𝑡

1-year 1-year

Aug19 Aug20                   Aug21
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 2𝐵1𝑖 + 𝑒𝑖3

𝑇𝑖𝑚𝑒𝑡

1-week 1-week

Wk1 Wk2                   Wk3
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 2𝐵1𝑖 + 𝑒𝑖3

𝑇𝑖𝑚𝑒𝑡

1-month 1-month

March April                   May
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Modeling Trajectories with SEM
Linear Latent Growth Curve Model

𝐴𝑛𝑥𝑖𝑒𝑡𝑦%$ = 𝐵0𝑖 + 𝐵1𝑖 𝑇𝑖𝑚𝑒$ + 𝑒𝑖𝑡
𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎)')
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎&' 𝜎&('

𝜎(&' 𝜎('

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 3𝐵1𝑖 + 𝑒𝑖3

𝑇𝑖𝑚𝑒𝑡

1-month 2-month

3

March April                   June
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Implied Covariance and Mean Structures
Anxiety1 Anxiety2 Anxiety3

Anxiety1 𝜎./ + 𝜎0/

Anxiety2 𝜎./ + 𝜎1./ 𝜎./ + 𝜎1/ + 2𝜎1./ + 𝜎0/

Anxiety3 𝜎./ + 3𝜎1./ 𝜎./ + 3𝜎1/ + 4𝜎1./ 𝜎./ + 3𝜎1/ + 3𝜎1./ + 𝜎0/

𝑀0 𝑀0+𝑀1 𝑀0+ 3𝑀1

𝐵0𝑖 = 𝑀0+ 𝑢0𝑖
𝐵1𝑖 = 𝑀1 + 𝑢1𝑖

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 2𝑖 = 1𝐵0𝑖 + 1𝐵1𝑖 + 𝑒𝑖2
𝐴𝑛𝑥𝑖𝑒𝑡𝑦 1𝑖 = 1𝐵0𝑖 + 0𝐵1𝑖 + 𝑒𝑖1

𝐴𝑛𝑥𝑖𝑒𝑡𝑦 3𝑖 = 1𝐵0𝑖 + 3𝐵1𝑖 + 𝑒𝑖3

3

𝑒𝑖𝑡 ~ 𝑁(0, 𝜎&%)
𝑢0𝑖
𝑢1𝑖

~𝑁 0
0 ,

𝜎'% 𝜎'!%

𝜎!'% 𝜎!%

Covarian
ces

Means
implies
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DEMO

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

Repeated Measures:
Anxiety (0-100)
Health Complaints (0-28)

Time invariant:
Resilience
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Summary

• Enable understanding of overall and individual change over time
• Identify key predictors that distinguish patterns of change
• Examine effects that growth factors have on outcomes 
• Explore associations of changes across processes
• Illustration

– Observational data∴ No causal inferences

– Used manifest variables for Anxiety

Latent Growth Curve Models

Experimental data can be used too!

Latent Anxiety variables can be used too!
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RESILIENCE
Key ingredient for well-being!
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