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Abstract:

We review lessons of statistical learning in science and technology from examination of properties of
linear and nonlinear models. For linear models, we discuss two examples, one is typical of scientific
comparisons done in food technology (in this case, determination of the best solvent for extraction of
certain bioactive molecules). The other example is the assessment of fairness to gender in university
admission. For nonlinear models, we discuss the proper fitting of models of adsorption processes of
bioactive molecules.

The first lesson is that a simple T test can fail to be properly revealing in a scientific comparison,
because, in the simplest case, it does not properly account for other relevant characteristics. For
example, questions of which solvent to use in the extraction of polyphenols from apples can depend
on the type of apple, whether it is an extract of peel or flesh, or the types of polyphenol one wants to
measure. We show how linear models can properly account for such relevant covariates to reduce the
within-group standard deviations and better reveal the distinctions in types of solvent. Similar issues
arise in the study of gender differences in college admission. In this case, accounting for admissions at
the level at which decisions are made (e.g. schools or departments within a university) is essential in
proper assessment of difference. In total, a university can appear to favor one gender, when, in fact,
within each group it is neutral or favors the other gender.

A second lesson concerns nonlinear modeling of adsorption processes as commonly occur in steps of
digestion and other biochemical processes, in which small bioactive molecules (e.g. polyphenols) can
adsorb in varying amounts onto larger molecules (e.g. soluble fibers such as B glucan). Adsorption
models relate the amount of specified bioactive molecules that are adsorbed to the concentration not
adsorbed for each of several experimentally-specified initial amounts, at given physiological conditions
(e.g. temperature and acidity). Traditional fitting of adsorption isotherms by nonlinear regression
suffers from a statistical inconsistency that we overcome with new developments in nonlinear
modeling tailored to this setting.
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