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Motivation: Say we have a
continuous outcome that’s

changing over time...
• Should we use regression or ANOVA?

• Is simple linear regression appropriate?
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Goals
1 Realize that repeated measures ANOVA should RIP.

2 Learn about a flexible, powerful alternative:

linear mixed effects models.

(a) Write down the regression equation

(b) Fit and plot the regression in R.
(c) Interpret the regression output.
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Repeated measures ANOVA:
an “Historical Approach”
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Repeated measures ANOVA: “RIP”
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Repeated measures ANOVA makes
the following assumptions (which
likely don’t hold in your dataset):

• Discrete covariates.

• Common measurement occasions for all subjects.

• Complete data, i.e. no missing observations.

• ‘Sphericity’, i.e. the correlation between repeated

measurements must be the same no matter how close or

far apart in time the measurements are taken.
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Mixed effects models are a flexible,
powerful alternative

• Mixed effects models, a.k.a.:

• (Linear) mixed (effects) models

• Hierarchical models

• Multilevel models

• Accommodate continuous and discrete covariates.

• Accommodate any degree of ‘imbalance’, i.e. do not

require the same number of observations on each subject

nor that the measurements be taken at the same set of

measurement occasions.

• Accommodate data at all levels of a ‘hierarchy’.

• Don’t make the untenable ‘sphericity’ assumption.
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Mixed = fixed + random
• Fixed effects (↵, �)

• Population characteristics

• Shared by all individuals

• Describe the mean response trajectory in the population

• Useful to epidemiologists

• Random effects (a, b)

• Subject-specific effects

• Vary from one individual to another

• Describe individuals’ response trajectories

• Useful to clinicians
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The simplest case:
a random intercept model

y = ↵+ �x + a + "

= (↵+ a) + �x + "

• ↵ is the fixed, population-level intercept

• � is the fixed, population-level time slope

• a is the random, subject-specific intercept:

By how much does each individual deviate from the

population average?

• " is the error term
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Random intercept model
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The more common scenario:
a random intercept and slope model

y = ↵+ �x + a + bx + "

= (↵+ a) + (� + b)x + "

• ↵ is the fixed, population-level intercept

• � is the fixed, population-level time slope

• a is the random, subject-specific intercept:

By how much does each individual deviate from the

population average?

• b is the random, subject-specific time slope:

By how much does the effect of time on each individual

deviate from the population-average effect?

• " is the error term
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Random intercept and slope model
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Plotting the
fitted model
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Interpreting the R output
• For your Methods section:

• “We fit a linear mixed effects model of reaction time on
the number of days of sleep deprivation, including random
intercepts and slopes for each subject.

• For your Results section:

• “For each additional day of sleep deprivation, there’s a 10.5
ms increase in reaction time.”

• “There is substantial variability across subjects in their
baseline reaction time (SD=24.7) and in their response to
sleep deprivation (SD=5.9).”
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