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COMPARISON OF PROPOSALS FOR THE REDEFINITION OF STANDARD MEASUREMENT UNCERTAINTY
Bodnar O., Possolo A.
 Örebro, Sweden / Gaithersburg, MD, USA
The standard uncertainty associated with an estimate of the measurand is commonly defined in metrology as being the standard deviation of the output quantity that results from propagating the standard uncertainties of the input quantities, as described in the GUM [1], when the input quantities are modeled as random variables.
 The standard deviation of a random variable describes the variability around the mean of the values that the random variable can take. The standard deviation is meaningful when the underlying distribution is symmetric and has a finite second moment. However, the precise meaning of a statement like “plus or minus one standard uncertainty” depends markedly on the underlying distribution: it depends, in particular, on the heaviness of the tails of the relevant distribution. The output quantity can also have an asymmetric distribution, even when the inputs are Gaussian, say, and in such cases the meaning of the standard deviation becomes even less clear.
 Alternative definitions for standard uncertainty are under discussion among metrologists, which may be meaningfully applied, in a more uniform way, to a wider range of problems in metrology. These discussions are still ongoing and the statistical properties of the alternatives under consideration still require a more detailed investigation. We contribute to this discussion by providing statistical analysis in the context of the combination of measurement results of the same measurand, when these results may be mutually consistent or inconsistent. The significance of how the standard uncertainty is defined becomes very clear when one realizes how strongly such definition can impact the interpretation of the posterior of the measurand, when a Bayesian procedure is used, even when the likelihood and the priors remain the same.
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