M ET3220C
C om putational Statistics

H ypothesis Testing:
C lassical N onparam etric tests

(Chapters 3 of W iks’ book)

Key Poits:
1) Tests for beation
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D ifferencesB etw een Param etric and

N onparam etric Tests
® The by difference betw een these tw o types of tests is the approach
used to determ ine the nulldistribution.
® Thatis, step 4 on the Listof 5 steps.
® The othersteps are sin flarbetw een these two typesof tests.
® 1) Mentdfy a teststatistic
® Chose a satistic that is approprite to the data and the
question.
® 2)Define anullhypothesis.
® Thenullhypothesis ) defines a bgialsoucture w hich w il
be used to exam ine the test statistic.
® The null hypothesis is often designed as the com plin entto
whatwewoul lke to test for.
3) D efine the altemative hypothesis ).
4) D eterm Tne the nulldistrbbution.
4 5) Chose a confidence Iin .
5) Com pare the test statistic to the nulldistrdoution.
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C lassical T ests for Location
W flooxon-M ann-W himey Rank-Sum Test
® Locatin isanonparam etric anabg to themean.
® W flcoxonM amn-W himey rank-sum test
® Tndependently discovered in the 1940sby W iloxon asw ellas
M amm and W himey.
® Applesto two hdependent (end non-paired) samples.
® The nullhypothesis is that the tw o data sam ples have been drawn
from the sam e distrbution.

® One sided and tw o sided hypotheses are possible.
® The effectof serial conelhtion i sin flarto the effecton the ttest.
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N onparam etric Tests

® Som e satistical tests do not require the assum ption statdistical
distribution ora nulldistrbution. That is, they don’t require
know ldge of:
® The sam pling distrbution of the data, which isused to cakubte
probebilities. This is the nulldistrbution.
® Example: the num berof hunricane lndfalls isa Poisson
distrbution.
® Example: differences n amean follow a G aussin distrdoution.
® N onparam etric test are gpproprate if etherorboth of the follow g
conditons apply:
® W eknow orsuspectthat the param etric assum ption () required for
aparticulbrtestare notmet.
® Example: grossly non-G aussin data fora ttest.
® A testgatistc isa complicated fimction of the data, and s
sem pling distrbution is unknow n or carmotbe derived.
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Tw o Typesof N onparam etric T ests

® C hssialnonparam etric testg isbased on am athem aticalanalysis
relted to the nullhypothess.
® Note: sayg that the test is related to the nullhypothesis also m eans
thatthe test is rebted to the altemative hypothesis.
® C hssialtechniguesw ere usually develped priorto efficient
com puting pow er.
® References:
® Conover, 1999: PracticalN onparam etric Statistics, W iley, 584pp.
® Danil, 1990: A pplied N onparam etric Statistics. K ent, 635 pp.
® Sprentand Smeeton, 2001 : Applied N onparam etric Statdstical
M ethods. Chapm an and Hall, 461pp.
® Resampling tecdhniques
® The nulldisrbution is determ ined em pirically, based on the
avaikblk data.
® Applicable to justaboutany test satistc.

hitp 3/fam pus fau edu,
bourassae m etfon sdu r@ The Florida State Universty

W flooxon-M ann-W himey Rank-Sum Test

The C oncept
® Ifthe nullhypothesis i tme:
® The two data sam ples are drawn from the sam e distrbution.
® The hbeling of each datum valie asbelbnging to one group orthe
other is arbinary .
® Thenullhypothesis is equivalent to saying that rather than two
semples, m ade up ofn, and n, data points, there is one sam ple m ade up
ofn=n, +n, data points.
® The conceptthatthe hbels are arbirary, because they have been
drawn fiom the semple distribution, s known as the principle of
exchangeability.
® The rank sum testsatistc snota finction of the data valies.
® Tisa finction of the ranksw ihin the n pooled sampks.
® Thisgpproach m akes the data disrbution nrelevant.
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W flcoxon-M annW himney Rank-Sum Test
TheDetails
® R, sthesm ofranks hsampk 1,andR, ithe sum ofranks n ssmpke

2.

® R,+R,=1+2+3+..+n=nfh-1)/2
o IfH, stme,and ifn, = n,, thenR, should be sin {artoR, .
e Ifn #n,thenR, /n, shouldbe siniartoR, /n,.

e Ifthe nullhypothesis is true, then there are m any equally lkely ways
the data could be partitoned into goupsof sizen, andn, .
® Specifically, thereare @) / [, 1) 0, 1)] equally Ikely anangem ents.
® Forexamplk,wihn, = n, = 10, there are 184,756 anangem ents.

® Ttisnotnecessary to computerR, and R, forthis vastnumberof

com binations.

® Tnstead, use the M ann#W himey U -statdstic:

®U,=R,-05n, fu+1),0r
®U,=R,-05n, (,+1).
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Exam ple: D oes C oud Seeding Influence

L ghtning Strikes?
TABLE 55 Counts of cloud-to-ground lightning for experimentally ®  Tew as suspected that seeding
seeded and nonseeded storms. From Baughman et al. (1976). Cb 3 wo u ., e
Seeded Unseeded . A
= thining .

Date Lightning strikes Date Lightning strikes 1 ) .
7120/65 W 712065 61 An experin entw asdesined
7021465 4 74165 3 t© seed, ornot seed, cbuds
29065 8 DI8ES €2 w ith sin flar characteristics,
8127/65 26 8165 45 3 el ]ighmng
746166 29 8/19/65 0 80 o

characteristics.
714166 9 8/19/65 30 -
/14166 16 12/66 82 ® Wew ﬂlm Ile 9mmd
7/14/66 12 8/4166 10 ) es
15166 2 917166 20 N
115066 2 9112166 358 ® Therewere 12 seed som s
8/29/66 10 3167 63 (Ul),WJﬂlameanOf1925
8/29/66 34 ) es
Tabe fiom W ks’ Statrkall ethods BrA mogpherks Scimoes ® Therewere 11 unseeded
soms 0,),w ih an averages
of 69 45 strikes.
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W flcoxon Signed Rank Test
(for paired data from tw o sam ples)
® This test takes advantage of the positive coneltion betw een the setsof

paied data.

® Example: com parison of tin e series of ke cbservations from
different Iocations but forthe same tines).

® Notatbn:
® npairsofdata: ,y;), fori=1,n.
® Di=x-Y;

® NullH ypothesis: The data (x and y) are drawn fiom the same

population.

® The num berofpositive valies of D should be sin flarto the

num berofnegative valies of D .
® Tmnsom |D, |tom=nks:
® T,=xmk (D, |)

® Valiesof |D; |= 0 willbe fnored i subssquent tests.
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TABLE 56
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W flcoxon-M annW himey Rank-Sum Test
M oreDetails
Only one of the M ann#W himey U -statistics 1 needed because any one
ofthem can be determ ned from the other.
® U,+U)=nn,
If there are 10 orm ore data in each sampk, the U satistic i
approxin ately G aussian.
® Themeany =n n, /2,and
1/2
* Stended deviatbn o, :\w
12

Foramaller ssm plks, tables of crifcalvalues e g., Conover1999) can
beused.

Note: if there are m ultple occunences of an outcom e, these can allbe
treated as the sam e rank, w ith thatrank equalto the average of the
ranks occupid by the Ike observations.
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Ypothesis Testing: C lssical
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Exam ple: D oes C oud Seeding Influence
Lightning Strkes?
e ® There isone huge outlier in the
unseeded data set. This occunence
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suggests that itw illbe difficulto ficthe
data to param etric distrbutions and
have an acoeptably sm alluncertainty in
® Therefore, a non-param etric test is
appropriate.
® Note: the sendard deviation of the
unseeded samplke is 98 93 strkes.
R,=1085andR,=1675
U,=1085-6 (12+1)=305
sy = (12) A1) /2= 66
oy = [12) Q1) @2+11+1)A21*2 = 162
z= 305-66) /162 =219
Resuls in a one tailed probability of
0.014.

R85 R=160
Ypothesis Testing: C lssical
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W flcoxon Signed Rank Test
TheDetails
Now separately sum the ranks forpositive and negative values of D :

Letn 'be the num berofnon-zer valies ofD ;.

o W ethenknow thatT + T =n'f@4%1)2
Recall that the nullhypothesis is equivalent to saying thatassigning
assning one of the values 1 a pairto the x sam pk is arbirary .
If 20, there are 2*' equally lkely anrangem ents of 2n'data values.
The nulldistribution isbased on these 2°'valuesof T .
Forn's 20 the distrbution 5w ellapproxin ated asG aussin.
Foranalkervaliesofn!, tabkesof critcalvaliesexist eg.,
Conover1999).
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W ilooxon Signed Rank Test

TheDetails
® Ifthere are sufficientpairs forthe testdistrbution to be G aussin, then
n’(n’+1) Noteu, = T+ T7) /2
e =———
n'(n’+1)<2n’+1) s
Oy —

24
®  z-soores can be estin ated by taking the difference fiom the mean, and
(T —p) (2 —m)

Oy O
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W ilooxon Signed Rank Test
Exam ple: Thunderstorm Frequency
® Exam ine annual thunderstom
num bers n the northeastem US  (x)
and in the G reatLakes states (y) .
® 21 yearsof cbservations

a a ® 18851t 1905
A % ® Synopt conditbnsame sin ilarn
wow % e us w these regibons, therefore the annual
::: s V '1* :;j ‘T( s num berof stom sm ghtbe
= = o= 3 . epecedbobesinibr.

- " 5k ' < ® NovaliesofD equalzem:n'= 21.
B0 o0 . e m=7sadT-1s2s

3 om b & m T ® p,= 21)@2)A=1155
momonoh S op= [1)(2)@3)2412 = 2877

® z=(1525-1155) /28.77=129
e

e 2pP{z>129}=0197
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