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tion between cluster and the covariate . This is now a model with random inter-

cept and random slope, and is illustrated in Figure 7.2.

Figure 7.2 Illustration of a model with random intercept and random slope. Marginal
effect (solid line) and cluster variation (dotted lines).

We can include more covariates into this model, with or without random effects.

In general, the linear mixed model can be written on matrix form

(7.4)

Here,  is a response vector of length  is an  matrix which includes

p covariates, and ββββ is a vector of length p. Furthermore,  is an  matrix of

covariates associated with random effects,  is a q-dimensional vector of random

effects, and  is an  dimensional vector of residuals.

The random effects  are assumed to follow a multivariate normal distribu-

tion with mean zero and some covariance matrix G. The errors  are assumed to

be independent of  and also have a multivariate normal distribution with mean

zero and some covariance matrix H. Furthermore,  and  are assumed to be

independent of . This is an important assumption that we will come back to.

The covariance matrix  will typically be assumed to be diagonal, meaning

repeated errors within the same unit i are assumed to be uncorrelated. This may

not be true. In longitudinal studies, there will often be some serial correlation left,

not handled by the random effects. This remaining correlation can be modelled by
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