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In multivariate data analysis, data is usually represented in a n × p data-array where n “indi-
viduals” take exactly one value for each of p descriptive variables. Symbolic Data Analysis (see,
e.g. Diday and Noirhomme-Fraiture (2008), Noirhomme-Fraiture and Brito (2011)) enlarged
the classical framework, proposing a model where variability associated to each single observa-
tion is directly taken into account. New variable types - interval, categorical multi-valued and
modal variables - have been introduced, which may take multiple, possibly weighted, values for
each variable. We focus on the analysis of interval data, i.e., where elements are described by
variables whose values are intervals of IR.
Parametric inference methodologies based on probabilistic models for interval variables are de-
veloped in Brito and Duarte Silva (2011). Under this approach, each interval is represented
by its midpoint and log-range, for which Normal and Skew-Normal (Azzalini and Dalla Valle
(1996)) distributions are assumed. The main advantage of the Normal model lies in that it
allows for a straightforward application of classical inference methods, and permits a direct
modelling of the variables’ covariance structure. If the intervals’ midpoints are looked at as
“location indicators” of the variables’ values, assuming that they follow a joint Normal distri-
bution corresponds to the usual Gaussian assumption for classical data; the log transformation
of the ranges allows overcoming the difficulties created by their limited domain. It then follows
that the marginal distributions of the midpoints are Normal and those of the ranges are Log-
Normal. In a second step, we also consider the Skew-Normal distribution, which alleviates some
of the known limitations of the multivariate Normal, by introducing skewness parameters. The
intrinsic nature of the interval variables leads to special structures of the variance-covariance
matrix, which are represented by five different possible configurations. In the most general
formulation we allow for non-zero correlations among all midpoints and log-ranges; other cases
of interest are:

• The interval variables are independent, but for each variable, the midpoint may be cor-
related with its range;

• Midpoints (respectively, ranges) of different variables may be correlated, but no correla-
tion between midpoints and ranges is allowed;

• Midpoints (respectively, ranges) of different variables may be correlated, the midpoint of



each variable may be correlated with its range, but no correlation between midpoints and
ranges of different variables is allowed.

We present the package MAINT.DATA, available on CRAN, which implements the proposed
methodologies in R using S4 classes and methods. Its basic class, IData, represents n× p data
sets of interval variables, and has interval data specializations of traditional R methods such as
print, summary and indexing and assignment operators.
Maximum Likelihood Estimation and Multivariate Analysis of Variance for interval data are
performed by two other IData methods, named mle and MANOVA. These methods create
objects of class IdtSngDE (Single Distribution Estimates), IdtHomMxE (Homocedastic Mix-
ture Estimates) or IdtHetMxE (Heterocedastic Mixture Estimates), representing the results
of the analysis performed. The IdtSngDE, IdtHomMxE and IdtHetMxE classes have further
methods for inspecting results, including the computation of standard errors and tests for the
models and configurations assumed. Furthermore, the latter two classes have respectively a lda

(class IdtHomMxE ) and qda (class IdtHetMxE ) method, implementing Linear and Quadratic
Discriminant Analysis of interval data.
Planned extensions of MAINT.DATA include the implementation of a lm (Linear Models)
method for the IData class, and the inclusion of other established estimation methodologies,
such as the Generalized Method of Moments (Hansen (1982)), as feasible alternatives to maxi-
mum likelihood estimation for problems where the optimization of the interval data likelihood
is too demanding in time and computer resources.
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