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Bayesian statistical methods are becoming ever more popular in astronomy. The clear
mathematical foundations on which Bayesian methods are based allow researchers to design
statistical models that directly account for complexities in physical sources, instrumentation,
and data collection, while providing a straightforward way to combine multiple information
sources and/or data streams. On the other hand, Bayesian method require “prior distributions”
to be specified on all unknown parameters and fitting complex Bayesian statistical models (e.g.,
computing parameter estimates and their uncertainties) requires sophisticated computational
techniques such as Markov chain Monte Carlo (MCMC).

This course will review the mathematical foundations of Bayesian methods, discuss techniques
for specifying prior distributions, and study computational techniques including MCMC.
Particular attention will be paid to Bayesian multi-level models— statistical models with
multiple levels of structure. These models have wide applicability in astronomy and
astrophysics because information is often available on multiple “levels” that allow complex
models to be represented as a sequence of simple sub-models. Hierarchical models are a
particular type of multi-level model that describe a population of objects (stars, pixels, etc.) with
object-level parameters following a common distribution (specified in a lower level of the multi-
level model). In the course we will discuss how Bayesian hierarchical models facilitate a
concept called “shrinkage,” which can produce better estimates of the parameters describing
the objects in populations than can simple object-by-object estimators. We will demonstrate
advantages of using multi-level /hierarchical models and shrinkage estimators via examples
from cosmology.

This short course will be delivered in three parts.
e Partl: Introduction to the foundations of data analysis from a Bayesian perspective.
e PartIl: Overview of modern statistical computing, focusing on Markov chain Monte
Carlo.
e PartIIl: Bayesian modelling techniques, including multi-level models, hierarchical
models, and shrinkage estimates.
In all three parts, examples will be taken from astronomy to clarify the mathematical, statistical,
and computational concepts.
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