Bios 750:  Monte Carlo and Bootstrapping Methods

Fall 2000
1.  Problems from previous class

2.  Bootstrapping articles/applications

3.  Bootstrapping project

4.  Confidence intervals:  OR problem

Bootstrapping:  example of basic procedure to compute SE

Treated (test) mice:

Data:  94,  38,  23,  197,  99,  16,  141

n = 7

Mean survival time 
 
86.86 days

sem = 25.24

Median survival time
94 days

Let B = 50  (50 bootstrap samples)

1.  Using the 7 survival times as the population, draw 50 samples of n = 7, sampling with replacement:

2.  Compute the median (M(x*b)) for each sample 

3.  Compute the average median (s((), 
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4.  Compute the standard error of the median

For the mouse data, with B = 50

median survival time is 73.1 with SE = 37.61

bootstrap mean was 83.46 with SE = 19.66

Data for controls  (m = 9)

52    10    40    104    50    27    146    31    46

median (from data) =  46

Bootstrap estimate of control median SE (B=50) was 7.74

Difference in medians is 94-46 = 48

Use variance sum law to find SE of difference in medians:

SE2 = (39.52+7.742) 

SE = 40.2

z ~ 48/40.2 = 1.2

Alternative methods for hypothesis testing  

Let x = {z1, z2, ..., z7, y1, y2,...,y9} be the 16 scores from the mice

(n = 7 treated and m = 9 controls).

Let the test statistics be

t(x) =  
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observed =
30.63

t(xm) = zmed - ymed


observed = 
48

t(t-statistic)



observed = 
1.88

Draw B samples of size n + m (with replacement) from x, assigning the first n = 7 observations to treated and the final m = 9 observations to the controls.

x* = {z*1, z*2, ..., z*7, y*1, y*2,...,y*9} 

For each bootstrap sample x*, compute t(x*b) and t(xm*b).

Count the number of times the bootstrap statistic is as big or bigger than the observed value, divide by B, and that's your significance level.

Answers?

Bootstrap applications  (audience participation time)

Bootstrap projects

Bootstrap the SE of the odds ratio:


Stroke
Total n

Aspirin
119
11037

Placebo
  98
11034

Rewrite table as:




Stroke



Yes

No


Total

Aspirin
119 (a)
10918 (b)

11037

Placebo
  98 (c)
10936 (d)

11034

Odds of stroke with aspirin:  
119/10918 = a/b

Odds of stroke with placebo:
98/10936 = c/d

OR (stroke) aspirin to placebo:
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OR = (a*d)/(b*c)

SE of ln(OR) = 
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SE(ln OR) = (0.01879)1/2 = 0.137078

95% CI = exp(ln OR + 1.96*0.137078) = (.928, 1.588)

95% CI = exp(ln OR + 1.96*0.137078) = (.928, 1.588)

SE (OR)?

Find from bootstrapping

B = 1000

OR = 1.231      SE = 0.1639

Using original OR from data and SE from bootstrapping:

95% CI = (0.895, 1.538)


Bootstrapping confidence intervals
1.  Standard bootstrap confidence interval
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 where RC is either t or z 

Bootstrap: 
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 is the estimate from the original data and SE(
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) is estimated from the bootstrap replicates.

For mouse data (treated mice), 
[image: image9.wmf]q

ˆ

 = 94 and SE(
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) = 38.7

94 + 1.96*38.7 = (18.15,169.85)

For aspirin and stroke data: 
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 = 1.2163 

SE = 0.1639 

95% CI = (0.895, 1.538)


B = 1000

Requirements:

1. 
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 has approximate normal distribution

2. 
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 is unbiased

3. bootstrap technique gives good estimate of SE

Can estimate the bias and correct for it, so requirement 2 is not rigid

Normal?
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2.    Percentile interval method for CI (Efron)

Find empirical percentiles of the bootstrap replicates and use those as the endpoints of the CI .

Aspirin and stroke data:

B = 1000 

need 0.05*200 = 50th and 950th ordered 
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95% CI about OR:  (0.975, 1.528)

Used SAS to generate data, list or use PROC UNIVARIATE to find percentiles.

Pros:  This method is invariant with respect to transformation (transformation respecting).

Range-preserving (limits maintained).

Cons:  no pivot; asymmetric intervals.

Other methods:

Bootstrapped-t confidence intervals

Bias-corrected and accelerated Method (BCa).

For next time:

Estimate the variance of A and put a 90% CI about it using the two methods above.

Spatial Test Data (n=26)  from Efron & Tibishirani
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