Workshop:  Bootstrap Estimation, Bootstrap Sampling  


Jim Heltshe   URI  E-mail: heltshe@uri.edu  or  heltshe.james@epa.gov

Objective:  To derive a non-parametric (1-()*100% two-sided Confidence Interval about some estimator.  We can also derive one-sided confidence intervals with bootstrap estimation. 

Suppose one selects a random sample of size n from a population and records the response variable X on each of these sampled units.  

This produces data of the form:   x1, x2, x3, x4, … xn
Traditionally one uses these data to estimate some parameter for the population from which the sample was drawn.  For example one might compute a 10% trimmed mean using these data.  Remove the 10% smallest and the 10% largest observations in the data set and compute the mean of the remaining data points.  

Question?   What is the standard error of this estimate and how do I construct a confidence interval estimate ?   If you make assumptions about the probability distribution of the population model from which you sampled, then it might be possible to derive estimates of the standard error of the estimate and construct approximate (1-()*100% two-sided confidence intervals. This becomes even more problematic in the multivariate case.  That is when we collect observations on many variables from the same sampling unit and then want to combine these multi-variables into some estimated ’index’ for the population.  For example a diversity index or a condition index. 

Solution: Bootstrap estimation.  


To explain Bootstrap estimation we must first explain Bootstrap sampling. 

Bootstrap sampling is selecting a sample of size n, with replacement from a set of n data points.  For a data set: (x1, x2, x3, x4, … xn)  this is equivalent to recording the value of each data point onto a ping pong ball and placing them into a box.  Select a ping pong ball at random, record it’s value and replace the ball.  Do this n times.  Doing this n times maintains the original sample size of n. 

Thus the Bootstrap estimation procedure consists of the following steps:

1). Using the original data set: (x1, x2, x3, x4, … xn ) calculate some statistic of interest to estimate the characteristic of your population of interest.  Call this B0.  

2). Take a bootstrap sample of size n from the original data set, which produces a new data set: (x1*, x2*,x3*,x4* ,… xn*).Calculate some statistic of interest to estimate the characteristic of your population of interest.  Note:  Some of the x’s will be duplicate or triplicate observations of the same value.   Call this B1.

3). Turn on your computer and repeat step 2 ,1000 times.   Producing B1, B2, B3, … B1000.

4). Sort B1, B2, B3, … B1000  from smallest to largest. 

5).  We can estimate the bias of our original estimator by  (B0  - 
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).

6). Using the sorted B1, B2, B3, … B1000  values, find the 2.5% ile value and the 97.5% ile value.  Or simply the 25th and 975th observations from the sorted B1, B2, B3, … B1000.

7). The 2.5% ile value is the lower value of the 2 sided 95% confidence interval (L) and the 97.5% ile value is the upper value of the 2 sided 95% confidence interval (U). Finally the 2 sided 95% confidence interval is (L to U).  This is called the percentile method to estimate a confidence interval using Bootstrap sampling.  (Note: There are many variations on this theme to get a confidence interval. )  The figure below shows the distribution of the Bi’s . Finding the value that cuts off the lower 2.5% and the upper 2.5% of this distribution is exactly as described above. 

8). OR  one can compute a parametric bootstrap confidence interval using the Bi’s. Calculate the standard deviation of the 1000 Bi’s.  This is the estimate of the standard error (se) of B0.  An approximate 2 sided 95% confidence interval is:




B0 ( 1.96(se).
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