Insightful

intelligence from data

Why Resample?

=Fewer assumptions

Normality

Equal variances
=Greater accuracy

Typically sqrt(n) smaller errors in size or coverage probability
=Flexible
=Nice pictures (teaching, consulting)

=What-if analysis (planning clinical trials)

Example: Compare Two means
, = 1664, xbar, = 8.4
n, = 23, xbar, = 16.5
-Is the difference statistically signficant?
-Highly skewed
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=Command line:
save.perm = permutationTestMeans(Trial, Arm)

plot(save.perm); print,

=Menu interface
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=Permutation tests (any distribution)

Permutation Distribution s

Resampling for Planning Clinical Trials — Using S+Resample

Tim Hesterberg, Ph.D. <timh@insightful.com>
Insightful Corp: Seattle USA, Nanterre & Toulouse France,

Example: Logistic Regression
=Predict Kyphosis

Kyphosis (present or absent)
Age of child

Number of vertebrae in operation
Start of range of vertebrae

=Classical summary
Value Std. Error t value
(Intercept) -2.03693225 1.44918287 -1.405573
Age 0.01093048 0.00644419 1.696175
Start -0.20651000 0.06768504 -3.051043
Number 0.41060098 0.22478659 1.826626
Can use t-statistics for test or SE for confidence
intervals, assuming Normal/large sample
=Bootstrap
Don't require Normal/large sample, estimate from data

Here see highly non-normal sampling distribution; t tests and confidence
intervals are not reasonable

More-accurate confidence intervals; in general errors are O(1/n)), vs.
O(1/sqrt(n)) for tintervals

Graphical bootstrap helps understand variability in predictions
=Permutation Test
Compare relationship between response and predictors as a group

Unfortunately, cannot use to test significance of a single predictor (use
bootstrap tilting instead)

boaistrap - coef(gimi(data)

B Graphical bootstrap
of predicted Kyphosis

Kyphosis

Permutation Distribution for Kyphosis
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=Usual t-test (assumes Gaussian population
P-value 0.0045

T-test assumes symmetry,
is off by a factor of 4!

Resicual Deviance.

Difrence in Surival Time.

Planning Trial — Larger Sample Size
=Training data size n, prospective trial size N

=With bootstrap: draw samples of size N from data
Use shape of data to estimate shape of population

Sample with different size to mimic trial design
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Planning Trial — Testing Assumptions

=To test sensitivity of outcomes to different assumptions

Different parameters, e.g. hazard ratio, effect size p, —p, ratio p, /p,

=Draw bootstrap samples from population(s) that satisfy
the assumptions

=How to create those population(s)?
Bad — modify the observations

Instead — create welghled empirical dlslnbutlon lhal sallsfy the
assumptions, using likelihood otstrap
tilting)

=Example: assume p, =1.2 p,

Bad - shift observations left or right; gives distributions with the wrong
mode, and shifting left could create negative observations (negative survival
times). More subtle but very important — this ignores mean-variance
relationships for skewed populations.

Instead — weight observations so weighted means satisfy the relationship
IwWyXy = 1.2 Iw,Xy;
Maximum likelihood: maximize
TTwy IT wy,;
subject to assumed constraint and Tw,; = Tw, = 1
(in S+Resample, use the bootstrap tilting functions to do this)

Draw bootstrap samples from the weighted distributions.
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sExample: Parameters in Logistic Regression
Bad — modify observations (how would one even start???)

Instead — weight observations so weighted logistic regression satisfies
assumptions.

Note — weighting also provides a way to test hypotheses when permutation
testing is impossible, e.g. testing a single coefficient; choose weights to
satisfy null hypothesis.

(s-PLUS)

S+Resample

=Most flexible and powerful software for resampling:
Bootstrap (many sampling options)
Permutation Tests
Jackknife
Cross Validation
Prediction Errors
Influence
=Features bootstrap tilting
17 or 37 times fewer bootstrap replications
Confidence intervals, what-if analysis, & hypothesis testing

=Command line & graphical user interface

S+Resample GUI Reference
Overview of the S+Resample Library

Wieleama 1o th S+Rasample kbsary)

There are thie main wiys 1o use the ibeary, using modfied versions of the graphical mesface for

Jackknids, infuence, parmatation 1es1s) which suppor & wide \.-ar-my of siatisbics, o using the
Command line.

Supplements to Other Menus for Specific Applications

There are comently resampling supplements 1o six statistical analysis menus
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Menus for Resampling, for use with General Statistics

There ang thrue mens for difimert kinds of resamging, which may be usud with very general
Hatishes. T—

+ Boctsliap. Statistics ™ Resample P Bootstrap...
ace Statistics ® Resample ™ Bootstrap... e et
Stafistics ® Hesample ® Permutation Test., o

Command Line iiaet e

Thire ane a barge rumber of resampling fanctio
finctions include:

kootsirap,

bontetrapd,

avanlalle Trom (i COMM s

(parametric bootslrap)

33 (smoothed beotsirap),

tionTest,

pbrautatanT e a2 (nnritation 1651 far comparing twn sanplos).
tronTesiieans (pemutation test for the difierence betwien means of two samples),
cnssVal [cross-vahdatson,

phoctTeel (rarametne boolstrap tests),

bontPred (hontsirapping pradiction s,

Genenc hanclons such as

paint,

plat,

sumimary,

quncem,

aperale on the objects crealed by the resampling funclions.

Other capabiities mclude confidence mervals
s al

I intervals wsing resampling standand erors),
bootgtrap] (boctstrap ¢ intervais),
percanties
limis poscardil,
dragnastics
k afler boolsirap,
] Eootsirap,

Additional Information

For additsonal mformation, see

the help files,

the S+Resamphe Marual aailable under 1he Help ™ Online Manuals meny,
other help in this onling reference manusl, and

the "ReleaseNotes 1" and “uterial txt” documends in the “doc” folder of the Bbrary
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