Bayesian Regression Analysis in the “Large , Small ” Paradigm

Mike West

Summary. Statistical modelling and inference problems in which sample sizes are substan-
tially smaller than the number of available and potentially interesting predictor variables abound
in applied statistics. These “Large , Small " problems pose challenges to standard statistical
methods and demand new concepts and models for regression and classi cation. We dis-
cuss issues of regression modelling utilising singular-value decompositions of design matrices
that are massively rank de cient, and the development of informative prior speci cations on
high-dimensional regression parameters. We introduce new classes of structured smoothness
prior distributions for this problem, and develop computational methods and modes of poste-
rior inference for regression estimation and predictive inference for out-of-sample prediction
and validation. We describe an underlying latent factor modelling framework that provides a
formal interpretation and justi cation for the new prior structure and resulting analysis. Exten-
sions to binary regression are discussed, as are connections with non-parametric regression,
and an example illustrates the new methodology.
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1. Introduction
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2. Linear regression and SVD analysis
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3. Likelihood functions

4. Generalised prior s for regression parameter s
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5. Posterior s for regression parameter s
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6. Further aspects of prior speci cation
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7. Model tting via MCMC
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8. Predictive analysis

9. Example
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Fig. 1. Spectra of 78 biscuit dough samples
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2. Standardised spectra of 78 biscuit dough samples
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Fig. 3. Factor coef cients
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Fig. 4. Regression coef cients
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Fig. 5. Response versus tted values
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Fig. 6. Normal qgplot of tted residuals
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in latent factor models
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11. Extensions, connections and concluding comments
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