Bios 750:  Monte Carlo and Bootstrapping Methods

Fall 2000
Example using differences in test scores:

Bootstrapping Confidence intervals

Estimating Bias

Compute the CIs for the difference in test scores (B-A) using the 4 methods above.  Compute length, coverage probability, and shape for each as well.
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Estimating Bias

SE(
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An alternative measure is bias, where 

bias = E(
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Large bias, like large standard error, is not desirable.

Unbiased estimators "... promote a nice feeling of scientific objectivity". 

(Efron & Tibshirani, 1993, p. 125).

From the original sample, compute the statistic of interest 
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Bootstrap estimate of bias 

1.  Generate B bootstrap samples

2.  Compute the statistic of interest for each bootstrap sample:  
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3.  Approximate the bootstrap expectation by averaging the 
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4.  Estimate the bias by taking the difference between the sample-generated estimator and the bootstrap expectation:
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 EMBED Equation.3  [image: image9.wmf]q
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Assess the estimator by taking the ratio of the estimated bias to the estimated SE (both from bootstrap samples).

If  
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bias can be ignored  (Efron's rule of thumb).

Example:   (from Efron)

Eight subjects wearing each of 3 hormone patches:  placebo, old, new (not all at the same time!).  Blood levels of hormone measured under each condition.

Research question is about bioequivalence:  are the new patches bioequivalent to the old patches?

FDA standards: 
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Let 
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 EMBED Equation.3  [image: image13.wmf])

placebo

(

E

)

old

(

E

)

old

(

E

)

new

(

E

ˆ

-

-

=

q


What is the bias and standard error of 
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Define zi = old - placebo  and yi = new - old and assume (zi,yi) follow a bivariate distribution of some type (unknown)
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From the original sample, compute the statistic of interest 
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With B = 500,   expectation (mean) of 
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 =  -0.0688

Estimate the bias by taking the difference between the sample-generated estimator and the bootstrap expectation:
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= -0.0688 - (-0.0713) = 0.0025


se500 = 0.1079
Assess the estimator by taking the ratio of the estimated bias to the estimated SE (both from bootstrap samples).
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How many samples to get good estimate of bias?

Using above approach,  at least 1000 recommended.

A better bootstrap bias estimator

Define the resampling vector as P* where P* indicates the proportion of times each original data point appears in each bootstrap sample.

Example:

If first bootstrap sample is subject 1, 3, 4, 1, 7, 8, 3, 1

then P* = (3/8, 0, 1/4, 1/8, 0, 0, 1/8, 1/8).

Rewrite the formula for bootstrap statistic in terms of P*:
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where Pj* is the jth element of vector P*.

Define P0 as the vector (1/n, 1/n, 1/n, ..., 1/n).  This is the original sample (ignoring order), so the observed value is
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Each bootstrap sample has a corresponding P*i.

The average across the B P*i is 
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Rewriting the formula for bias:
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A better estimator is 
[image: image28.wmf]).
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For patch problem: 
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This estimator converges to the bias(  faster than the other one, so requires fewer bootstrap samples.
In Efron's problem, this estimator converged after about 200 bootstrap samples, while the above estimator (
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Jackknife estimator of bias
This was the original method used; bootstrapping arose out of the jackknife methodology.

Compute the statistic of interest 
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 from the data.

Compute the statistic of interest 
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 for each jackknife sample of n-1 subjects.

Compute 
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Compute 
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Patch example: 
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(from data)
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Comparisons

bias(
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Recommended number of resampled datasets:

For jackknife bias:   n 
resampled sets

For 
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>1000 resamples set

Caution:  Jackknife only good for "smooth" functions.

Issues about bootstrapping  

(see Young, Statistical Science, 9:382-415, 1994)

Smoothing 

Software

Small samples

Failure of bootstrap

Bootstrapping the bootstrap

Comments from "The Bootstrap and Modern Statistics", B. Efron, JASA, 95:1293-1296
(Dec. 2000)

More than 1000 papers published on bootstrapping since 1979.

principle tasks (initially):  calculation of biases and standard errors

expanded into computation of confidence intervals

still pushing BCa as the best bootstrap CI method
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