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Chapter One : Statistics and Sampling Distributions (Two weeks)
Conditional Expectation
Sufficiency
Exponential Families.
Convex Loss Function
Model specification
1- Two kinds of inference problems (Point estimation, Hypothesis testing)
2- Statistics
3- Sampling distributions (Basics, Asymptotic results, Two numerical approximations)
Point Estimation Basics (one weeks)
Chapter 2. Unbiasedness
Properties of estimators: Unbiasedness, Consistency, Mean-square error
UMVU estimators.
Non-parametric families
The Information Inequality
Multiparameter Case
Where do estimators come from?
Likelihood and Maximum Likelihood Estimation (Two weeks)
Basic properties
1- Invariance
2- Consistency
Fisher information and the Cramer — Rao bound,
Efficiency and asymptotic normality
Estimation of the Fisher information
Confidence intervals
Sufficiency Neyman{Fisher factorization theorem
Sufficiently and Minimum variance unbiased estimators (Two weeks)
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Rao — Blackwell theorem
Completeness and Lehmann — Scheffe theorem
Exponential families
Multi-parameter cases
Minimal sufficiency and ancillary
1. Rao — Blackwell as a complete-class theorem
2. Proof of Lehmann — Scheffe Theorem
3. Connection between sufficiency and conditioning
Chapter Three: Hypothesis Testing (Two weeks)
Motivation and Basics Definitions
Most powerful tests
Neyman — Pearson lemma
Uniformly most powerful tests
Likelihood ratio tests
1. Motivation and setup
2. One-parameter problems
3. Multi-parameter problems
Likelihood ratio confidence intervals
Chapter 4. Average-Risk Optimality :Bayesian Statistics (Two weeks)
Bayes Estimation
Minimax Estimation
Minimaxity and Admissibility in Exponential families
Shrinkage Estimators and Bigdata
1. Mechanics of Bayesian analysis
e Bayes theorem and the posterior distribution
e Bayesian inference
2. Choice of prior
e Elicitation from experts
e Convenient priors
e Non-informative priors
3. Other important points
Hierarchical models
Complete-class theorems
Computation
Asymptotic theory
Chapter 5. Large Sample Theory
Convergence in Probability and Order in Probability
Convergence in Distribution
Asymptotic Comparisons (Pitman Efficiency)
M-Estimation Theory
Example: AREs of Mean, Median, Trimmed Mean
Chapter 6. Maximum Likelihood Estimation
Consistency
Asymptotic Normality of the MLE
Asymptotic Optimality of the MLE
Asymptotic Efficiency of Bayes Estimators
Discussion: MLE vs. Shrinkage (Efron & Hastie, 2016)
Chapter 7. Optimal Testing Theory
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Uniformly Most Powerful (UMP) Tests

The Neyman-Pearson Lemma

P-Values

Monotone Likelihood Ratio

Confidence Bounds

Uniformly Most Powerful Unbiased (UMPU) Tests
Likelihood Ratio (LR), Wald, and Score Tests

What else can you learn? (Two weeks)
Sampling and experimental design.
Non-iid models

High-dimensional models
Nonparametric models

Advanced asymptotic theory
Computational methods
Foundations of statistics

NoakowhE
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