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Confidence ellipsoids of a multivariate normal mean vector based on
noise perturbed and synthetic data with applications

We discuss at length the problem of constructing a confidence ellipsoid of a multivariate normal mean
vector based on a random sample from it. The central issue at hand is the sensitivity of the original micro
data and hence the data cannot be directly used/analyzed. We consider a few perturbations of the original
data, namely, noise addition and creation of synthetic data based on the plug-in sampling (PIS) method and
the posterior predictive sampling (PPS) method. We review some theoretical results under PIS and PPS
which are already available based on both frequentist and Bayesian analysis and derive the necessary results
under noise addition. A theoretical comparison of all the methods based on expected volumes of the
confidence ellipsoids is provided. A measure of privacy protection (PP) is discussed and its formulas under
PIS, PPS and noise addition are derived, and the different methods are compared based on PP. Applications
include 1) analysis of a publicly available bivariate dataset from the most recent Annual Social and
Economic Supplement (ASEC) conducted by the US Census Bureau in 2023, and 2) analysis of a trivariate
renal dataset.
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