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Summary: We formulate a causal model for the effect of the degree program on the
work path of graduate students, which is based on a Markov process to represent latent
characteristics of the subjects. A latent Markov model with covariates and mixed-type
responses results, which is estimated by an EM algorithm. We illustrate the proposed
approach through an application to a dataset deriving from administrative panel data
which concern labor market in Lombardy and allows us to evaluate the effectiveness, in
terms of education, of certain Universities in Milan.
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1. Introduction

In this paper, we propose a causal model to evaluate the effect of degree programs
on the employment status in terms of income, easiness in switching between types of
position, and employment skills of the graduates. The approach is motivated by a dataset
deriving from the following databases: (/) database of the observatory of the Lombardy
labor market, (i} database of graduates from the largest universities in Milan, and (fii)
database of the office of revenues.
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The causal model is formulated following the approach of Heckman (2010) that, in
a general context, shows the equivalence between econometric structural models and
potential outcome models (Rubin, 1974). The model takes into account the longitudinal
structure of the data through a Markov chain that has the role of representing individual
characteristics which are not directly observable (latent characteristics). Moreover, it al-
lows for individual covariates, which may directly affect the outcomes or the parameters
of the Markov chain, and for response variables of different types, essentially categorical
and continuous.

The model based on the above formulation is in practice a latent Markov model
(Wiggins, 1973, Bartolucci e al., 2010) with covariates and mixed-type responses.
Therefore, from the methodological point of view our main contribution is that of casting
this model in the causal literature providing an interpretation of its parameters in terms
of causal effects that may be used for evaluation purposes. The approach based on this
model may be then compared with recent causal inference approaches for longitudinal
data; see, among others, Gill and Robins (2001), Abbring and Van Den Berg (2003), and
Aalen et al. (2012).

2. The dataset

The dataset concerns 1258 young individuals who graduated in 2004 from the three
main universities of Milan: Milano-Bicocca, Milano-Statale, and Cattolica del Sacro
Cuore. They have been followed along 20 quarters after the graduation date and four
quarters before, covering the years 2003-2008. The choice of the specific 2004 cohort is
motivated by the availability of the data of the employment offices from 2004 to 2009.
The response variables are: (i) annual income in Euro referred to the previous year, (i)
employment status, (iif) type of position indicating whether a subject is employed with
a temporary or permanent contract, and (iv) job quality, measured by the skill level of
the job (low, medium, or high). The last one is derived by a categorization of the job
qualification made by the Italian National Institute of Statistics. The available covariates
concern individual characteristics such as: (i) gender, (ii) age, (iii) number of family
components, (iv) family income, (v) place of birth, (vi) type of high school, (vii) em-
ployement during the graduate studies, (viii) place of graduation, (ix) type of degree
program (scientific, humanistic, or social science and business), (x) examination grades,
(xi) final grade at college.

In Table 1 we report descriptive statistics for the distribution of some of the avail-
able covariates, whereas in Table 2 we report the descriptive statistics for the response
variables for each year of observation.

The main research question concerns the evalnation of th ram effect on
the labor market transitions of the graduates. A question of this type may be addressed
in the framework of causal inference by the model for longitudinal data that we illustrate
in the following.
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Table 1. Descriptive statistics for the distribution of the covariates

Covariate % mean | st.dev.
Male 39.11
Age in 2004 25.59 1.82
Degree grade 10191 | 7.28
Family component in 2004 3.19 1.14
Degree type Scientific 15.66

Humanistic 25.36

Social S. - Bus. | 58.98
Empl. before 2004 Part-time 15.02

Full-time 5.64

Table 2. Frequency of every response variable for each year of observation

Year Average Temporary Skill
Income cont.% high % medium %
2004 6890 53.88 49.33 46.67

2005 11100 54.01 59.17 38.06
2006 15170 50.55 64.47 33.76
2007 18700 48.40 63.94 34.57
2008 20040 42.86 52.44 28.35

3. The causal model

With reference to a subject in the panel, let Y® denote the vector the response
variables of interest at time occasiont, t = 1,...,7T,and X ) denote the corresponding
vector of covariates. The proposed model assumes the existence of a latent process
U = (UD, ..., UT) which affects the distribution of the response variables. The
main assumption of the model is that the vectors Y(t), t = 1,...,T, are conditionally
independent given the latent process and the covariate vectors X ® ¢t=1,...,T. In
such a context the latent variables summarize the observed outcomes. The latent process
is assumed to follow a first-order Markov chain with state space {1,...,k}, where k is
the number of latent states. Note that, contrary to other latent Markov formulations, we
do not assume that the response variables in Y® are conditionally independent given
the corresponding latent variable U ®) bu, as in Bartolucci and Farcomeni (2009), these
variables may be dependent.

We admit that certain covariates affect the distribution of the response variables
given the latent process, whereas other covariates directly affect the response variables.
Among these covariates we include dummies for the type of degree and for the Univer-
sity where the degree was earned. We show that the regression coefficients for these
dummy variables have a causal interpretation in the sense of Heckman (2010). More-
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over, among the covariates we include the lagged response variables, so that we account
for state dependence. This means accounting for the effect of having a certain income
and employment skill at a given occasion on the probability of having the same income
and skill at the following occasion, once observable covariates and subject specific un-
observable factors are taken into account.

Maximum likelihood estimation of the model parameters is carried out by the EM
algorithm. As usual, this algorithm alternates two steps until convergence in the likeli-
hood. At the first step (E-step), the posterior probability of every latent state and pair of
consecutive latent states is computed for every subject in the sample. At the M-step, the
expected value of the complete log-likelihood, computed on the basis of these posterior
probabilities, is maximized by standard rules.
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