
MIXED EFFECT MODELS.

1. Motivation.

The objective of a statistical model is to have a mathematical formula that describes the relationship in the data.
Using linear regression we assumed that the dependent variable was linearly related to the covariates in an additive
way i.e;

Yi = β0 + β1x1i + β2i + ...+ βpi + εi

This assumes that each observation is independent, however they may well be some inter-dependence in the responses
in relation to some factor.
To deal with this we add a random effect into the model which allows us to assume a different baseline response
value for each factor. We model the individual differences in relation to each factor by assuming different random
intercepts for each response.
Such a model is named a mixed model due to the fact that it contains the usual fixed effects as seen in linear
regression, and one or more random effects, essentially giving some structure to the error term ε characterizing
variation due to factor level.

2. Model.

Yi = (β0|factor) + β1x1i + β2i + ...+ βpi + εi

Using R notation here we are assuming an intercept that’s different for each factor.
In a linear mixed-effects model, responses from a subject are thought to be the sum (linear) of fixed (i.e. an
effect affecting the population mean, treatment received say) and random (i.e. an effect associated with a sampling
procedure, sex of subject say) effects.

2.1. Assumptions, for a linear mixed effects model.

• The explanatory variables are related linearly to the response.
• The errors have constant variance.
• The errors are independent.
• The errors are Normally distributed.

2.1.1. How to check the assumptions.

• Plotting the residuals against the explanatory variable will indicate if the wrong model has been fitted (i.e.
higher order terms are needed) or if there is some dependence on some other explanatory variable. If this
is the case some obvious patterning will be visible in the plot.

• Plotting the residuals in order, any trend visible may indicate seasonal pattern or autocorrelation.
• Plotting the residuals against the fitted values will indicate if there is non-constant error variance, i.e.

if the variance increases with the mean the residuals will fan out as the fitted value increases. Usually
transforming the data, or using another distribution will help.

• A Normal probability plot, histogram of the residuals or say a Wilk-Shapiro test will indicate if the normality
assumption is valid, however high non-normality should have been picked up from exploring the data initially.

1


