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Criteria for testing equality of multivariate scatters.

Ellipse area covered by the recorded COP traces is a common index of individual overall
postural performance [1]. After calculating the area of each participant, it can be used as dependent
variable within appropriate inferential procedures testing the significance of the difference among
groups (e.g. ANOVA). In this study, individuals COP (and COM) positions were gathered together as
a group specific three-dimensional scatter, resumable by a sample covariance matrix. In this
connection, it will be necessary to define a scalar measure of group’s data spread for testing equality
of several covariance matrices. We considered the sample Generalized Variance (GV) recurring in

many Likelihood Ratio criteria for hypothesis testing [2].

Given an unbiased sample covariance matrix of COP (and COM) three-dimensional
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of S; , formally |S;| = A;4,43. The volume of 95% prediction ellipsoid is given by 4/3mabc, where a

= 2\/)(%0.95/11, b= 2\/)(%0.95/12, c= 2\/ X3 0053 are semi-axes, x5 95 = 7,815 is the 95th percentile of

a Chi-square distribution with 3 degrees of freedom, and can be conveniently expressed as
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For intergroup (and inter-studies) comparison purposes, if the relative volume of the
ellipsoid is considered essential, it is possible to remove the inferential part of the equation, setting
x? =1, and leading to a so called standard prediction ellipsoid
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that is completely specified by group’s specific GV; and that unlike the 95% prediction ellipsoid, does
not largely depend on the sample size N;, and on specific distributional assumptions [3,4]. In this

connection, GV is a standard measure of multivariate scatter of the data, and can be used to conduct

between groups inferential tests directly with a Chi-square log-Likelihood Ratio Test [2,5]
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where n; = N; — 1 are degrees of freedom of sample variances.
Asymptotically and under strong normality assumption, when the null hypothesis of equality of
scatters parameters between groups is true, Eq. (3) is distributed as a complex Chi-square distribution

P(log_LRT < 2) = P(x2 < z) + w,[P(x%,, < z) — P(x2 < 2)], 4)

with technical details on how to calculate w, and p that can be found elsewhere [2,6]. The
important point to stress here is that this testing procedure is very sensitive to outliers besides its
sensitivity to the distribution, and its robustification - replacing group’s covariance matrix S; by
robust estimators of multivariate scatter - is challenging [5,7]. Multivariate outliers can be hard to
detect because we can no longer rely on visual inspection, and using a weighted Euclidean
(Mahalanobis) distance suffers from the well-known masking effect [8]. We approached the problem
using a classical Minimum Volume Ellipsoid (MVE) algorithm for detection of multidimensional
outlier [9], defining the smallest ellipsoid that encloses all the “good” data, leaving all the bad
observations outside the ellipsoid itself, and conducting groups comparison with Eqg. (3,4) on selected

robust subsets (Ngso, and Nogso,) besides raw data (N;ggo)-
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