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One of the central concepts of longitudinal research concerns the description of patterns of stability and change and the explanation of
how and why change does or does not take place. My thesis will focus on the integration of two relevant approaches, the Hidden
Markov Model and the Latent Curve Model, in order to combine the characteristics of both methods.

H I D D E N MA R K O V MO D E L S
The Markovian process is a probabilistic model used to represent
the dependences between successive observations. The Hidden
Markov Model (HMM), instead, is used to model sequences (e.g.
health condition of an individual measured overtime) that are
influenced by an underlying latent process (for instance the
evolution of its unobserved vulnerability level). An interesting
extension is the Double Chain Markov Model [1] that includes a
direct correlation between
successive observations of
the dependent variable. We
can then model the change
in the health status of an
individual as a function of
the
evolution
of
its
Figure1. A Double Chain Markov Model
(unknown)
vulnerability
level.

LATENT CURVE MODEL
Latent Curve Model (LCM) enables investigators to study
simultaneously intraindividual change and interindividual
differences in growth trajectories [3]. LCM assumes that whatever
process that is underlying the phenomenon we are modeling is
unobserved or latent and the characteristics we observe are a
manifestation of this latent trajectory. An
extension of the LCM is the Growth
Mixture Model that provides also a
clustering of the population grouping
individuals sharing similar patterns of
change.
A LCM, in the SEM perspective:
intercept equation
slope equation

Figure 2. Example of GCM
with six observations ("total
recall memory") and two
covariates.

MAIN OBJECTIVES AND THE CONTRIBUTION TO THE NCCR LIVES PROJECT
Even if researchers tended to consider SEM and Markovian models as mutually exclusive techniques, recent studies have shown that it
is possible to use them simultaneously into a more unified general framework. [2]
Starting from these assumptions, the main objectives of the thesis are:
 to develop a new Double Chain Markov Model for continuous variables (HMTD);
 to propose a unique model of change that at the same time recognizes individual trajectories, as in the LCM, and takes into account
the dependences between successive observations as in the Markovian processes.
HMM and latent LCM allow investigators to model and analyze latent phenomena: hypothetical constructs specified as part of a
hypothesis but for which no direct measures are available. Considering the vulnerability as a latent factor, my analysis will contribute to
the NCCR LIVES project providing new statistical tools able to:
i) identify and analyze which characteristics have an impact on latent vulnerability levels;
ii) recognize similar patterns among specific population and identify the individual characteristics influencing group membership.

HIDDEN MIXTURE TRANSITION DISTRIBUTION MODEL
In many fields researchers face longitudinal data showing non homogeneous behaviors. For example in health studies analyzing
biometrical measures or psychological scales, in social and nature sciences (mortality rate) and so on.
The HMTD model makes the assumption that the observed heterogeneity in a given process can be induced by one or several latent
factors and that each level of these factors is related to a different modeling of the observed process. The
observed time series is then seen as a weighted mixture of k different submodels and the relation between
successive submodels is governed by a latent transition process.
The dependence between successive observations and the impact of exogenous variables can be
incorporated in the specification of the mean and of the standard deviation of each submodel separately.
The influence of external covariates can also be introduced in the latent level.
The HMTD model not only provides the description of the dynamics of changes, but also helps the
identification of patterns of change.
AN EXAMPLE USING DATA FROM THE HEALTH AND RETIREMENT STUDY
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Figure 3. Series for 20 individuals (aged 65 and over)
randomly drawn from the sample

Figure 4. Transitional probabilities and specification of the submodels
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