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This course will be about the analysis of longitudinal continuous data and the
linear mixed-e↵ects models will be the methodology used. The modelling of
the heteroscedasticity and of the correlation present in this kind of data will

be also considered. The packages nlme and lme4 will be used. Examples
with real data will illustrate the several topics.

Keywords: Longitudinal continuous data, correlation, random e↵ects, heteroscedasticity,
mixed-e↵ects models

Longitudinal data are multivariate and are commonly encountered in both experimental
and observational studies across all disciplines. In these studies, repeated measurements
of response variables are taken over time on each subject in one or more treatment groups,
and time itself is, at least in part, a subject of scientific investigation. Studies involving
this type of data are called longitudinal studies.
These studies play a fundamental role since they provide valuable information about indi-
vidual changes and their relationship to a set of factors other than time which make them
an important strategy of research in several scientific areas.
In the analysis of longitudinal data there are di↵erent features that must be considered:
(i) the nature of the outcome of interest, Gaussian and non-Gaussian; (ii) the correlation
between repeated measures of each vector response; (iii) the variability among subjects;
(iv) the di↵erent number of measurements that each subject may have and/or they may
have been measured at di↵erent time points; (v) the covariates take on time-specific values
(i.e., time-varying covariates). All these features pose many challenges in the analysis of
longitudinal data and over the last decades several methodologies have been proposed and
several books have been published about this subject [3, 4, 2, 1].
In this course the Gaussian outcome will be considered and the mixed-e↵ects models or,
more simply, mixed models will be the methodology used. The model building strategy
for linear mixed-e↵ects model will be discussed and some examples with real data will

illustrate the several steps. The packages nlme and lme4 will be used.
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