15.953


An Introduction to Data Analysis, Risk, and

Spring 2010 (H2)

Uncertainty using Bootstrap Resampling

Tentative Outline

A primary goal of this course is to teach the key principles of statistics, data analysis, and data visualization when no assumption is made about the hypothetical probability distribution for the underlying population. (Hence no prior probability course is required.)  We focus on bootstrap methods that sample with replacement from the original data to assess the level of uncertainty for sample statistics such as the mean, median, and variance.  This allows the construction of confidence intervals and the development of hypothesis tests.  We show how these ideas apply to developing measures of uncertainty for comparisons of batches of data, correlation, and regression.  We then present other methods for developing distribution-free confidence intervals and hypothesis tests such as permutation tests and rank-based methods and introduce the concept of statistical robustness.  We conclude by extending the bootstrap to situations where we have prior knowledge or assumptions about the data (similar to Bayesian statistics) and to methods for visualizing data and the uncertainty inherent in plots and graphs of data.  Examples use data from finance, biology, health, social networking, energy, and the environment.  Matlab and R will be used for statistical computing, data analysis, visualization, and simulation.

Text:  Efron and Tibshirani, An Introduction to the Bootstrap, Chapman and Hall (ET)

Date (L#)


Topic





Reading

March

29 M (1)

Introduction to Statistics and Data Analysis

31 W(2)

Introduction to the Bootstrap and Resampling; 
ET 1-3, 4-5

Empirical Distributions and Estimated

 




Standard Errors

April




1 R


Recitation:  Matlab and R

5 M (3)

Bootstrap Estimates of Standard Errors,

ET 6-7




Bootstrapped Correlation

7 W (4)

Two-sample Problems and Time Series

ET 8

8 R


Recitation 

12 M (5)

Regression and the Bootstrap



ET 9

14 W (6)

Confidence Intervals using the Bootstrap

ET 12-13






15 R


Recitation 

19 M 


MIT Holiday, no class

21 W (7)

Permutation and Distribution Free Methods

ET 15

22 R


Recitation

26 M (8)

Hypothesis Testing




ET 16 

28 W (9)

The Art of Simulation (MCMC concepts)

notes




Conditioning and the Bayesian Bootstrap

29 R


Recitation

May

3 M (10)

Visualizing Data




notes

5 W (11)

Visualizing Risk and Uncertainty


notes




with the Bootstrap

6 R


Recitation

10 M (12)

A Description of Parametric Statistics: 




Old Statistics vs. New Statistics


notes



12 W (13)

Examination

13 R


Recitation: Exam Solutions

Note:  This is an experimental course that might, in the future, be included in the proposed Science, Mathematics, and Engineering (SME) Foundations part of the General Institute Requirements should that be approved by the faculty.  Open to undergraduate and graduate students.

12/11/09

