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Introduction to R esam pling IT

® W hatdo wedo w th the estin ated nulldistroution?

® The testgatistics fiom the oriyinaldata can be evaluated through use
of the nulldistribution.

® Note thatresampling is deally suied to com puterprogram m ing.
® G iven auniom mndom numbergenertor, which isbuilk nto

most Bnguages, it is very easy to program resampling.

® Advantagesofresampling:

® D oesnotrequie any assum pton of an underlying param etric

distrbution.
® Any computeble testcan be applied . How ever, som e are better
than others.
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Perm utation Tests

® TheW iloxonM annW hiney test isa specil case of a perm utation test.
® These testsare applied o two Ormore) sample problkm s.
® Think of perm utation tests as sin flarto aW ilcoxon-M annW hiney
test, butapplied to a chosen test statistic, and w ith 2+ setsof samples
(rather than exactly 2).
® These types of tests 1ely on the principle of exchangeabiliy .
® The nullhypothesis is that the statdstics doesnot change if data are
exchanged.
® Recallthat fora two sam ple case the num berof pem utations is equalto
n!/ [y !, )]. This num ber can easily be enom ous.
® There isusually no need to calulte m ore than 10,000 valies of the test
statistic, unless a good description of extrem es of the null hypothesis are
ical
® Note that hdividual resam pled data sets are created w thout replacem ent,
sin ilar to reananging data in the W loxon-M ann-W himey test.
Hypothesis Testng:
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Introduction to R esam pling

® Resampling techniques attem pt to in prove a description of a data set,
by repeatedly subsam pling the available data to artifically ncrease the
num berof ssmplks.
® The resampling (rEepeated subsam pling) isdone in amanner
consistentw ith the nullhypothesis.
® O thernam es forthis approach are random Zzaton tests,
rerandonization tests, and M onte-Carb techniques.
® The concept ishighly adaptable. These approaches can easily be
designed forto m eet goecific needs.
® The concept is to build a collection of artifical data setsof the same
size as the actualdata.
® Then com pute the chosen test statistic foreach of the artificialdata
sets.
e Thisresuls h a setof test satistics, w ih a size equalto the
num ber of artificial data sets.
® This setoftests statistics s used to make anulldisrbution.
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D esirable Characteristics O £ T est Statdistics

® There are three desiablke characteristics fora test statistic (Good 2000).
e Sufficiency:A Ilthe Ifom aton about the distrbution (orphysical

phenom ena) contained 1 the data s also reflected in the test satistic.
Tn otherw ords, gathering m ore data w illnotadd m ore usefiil
Information, OR there is sufficient nfom ation.

® W oul this conditon nvalidate any tests thatw e have discussed.

® Tnvariance: The test satistic should be Ivarent to arbinary

transform atons.

® Examplk:changes hunis, eg., °Fto°C.

® Note this conditon assum es that the com parison data (ifany) is
aleo transform ed in the sam e m annexr!

® Loss: The conssquence fordifferences fiom expectations, asussd 1

the test statdistic, should be consistent w ith the problem .
® Example: Squared differences are m ore sensitive to large
differences. That is notalv ays consistentw ith the question.
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Exam ple: D oes C Joud Seeding Influence
L ghtning Strikes?
® TheW ilboxonM amn-W himey test
evenly w egghts all cbservations.

® TIfwethink thatextremesaremore
in portant, w e can w ebht the extreme
N more heavily.
£ ® Example test satistics:
N ® Test= ) Rank()-—n/2)
s ® Examplke that focuseson valiesnear
" meal
- o Test= ) MinRank ¢),n—Rank ()’

s e Testsdo nothave to use ranks.
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Bootstrap M ethods

B ootstzap m ethods are used w hen
® (1) you have only one sampke, and or
® (2) when the principe of exchangesbility cannotbe applied to the
null hypothesis.
W hy are these casesm ore com plicated?
These are the tw o conditions forw hich a perm utation w illnotw ork.
Bootstrap technijues are rehtively new ly develped (Efion 1979).
B ootstzap technigues assum e that the distrdboution fiom which a ssmple
data sethasbeen draw n isw ellrepresented by thatdata set.
® The assum ptions 1 a pem utation testare alv aysm ore mbust,
provided thata perm utation can be applied.
® ONLY USEA BOOTSTRAPMETHOD WHEN YOU CAN'T
USE A PERMUTATDON TEST!
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Bootstrap — TheM echanics

K ey difference fiom perm utation m ethodology is data are sam pled

w ith replcem ent.

e Ifyou are random ly selecting n valies fiom the data set, you
‘retum’ each num ber right after it is drawn.

® Thismeans som e num bers w ill probably be draw n m ore than once,
and some w illnotbe drawn atall.

The construction of the new semple set (@bove) is repeats a brge

numberoftinesn, .

® n, mhtbe 10,000 (exampk ofa typialvalie).

® Resulsinn, ssmpksofszen.

The test statistics is com puted foreach of then, samples.

The distrbution of the resulting test statistics s used to gpproxin ated

the nulldistrbution.
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