Programm ing T idbit
DO Loops
® The advantageofaDO bop isa counter that changes from a setvalie,
by a set increm ent,, w hile tdoesnotpass the another setvalue.
DO counter= startng valie, Iin iing valie, increm ent
® Examplk:DO counter= 1,10
The counter cycles though the values 1, 2, 3,... , 10
Examplk:DO counter=1,11,3
The counter cycles though the values 1, 4, 7,10.
Examplk:DO counter= 10,1, 2
The counter cycles though the values 10, 8, 6, 4, 2.
® The lnesofcodebetween the DO and the ENDDO are repeated until
the value of the counter passes the lin itng value.
® DO bopsareoften ussd to sum varibles orto setvalies of anays.

® The index of the anay should be the counter, orsome
m athem atical finction of the counter.
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WHATNOT TO DO !!!
How Notto StoreData In an A rray
REAL (@in 366) : tem peratine max
DO j=1,366
READ (7,*) tem peratire m ax (index)
ENDDO
® W hatiswmwong?
® The valie of index isnotdefined. The com putergets to choose,
which is Ikely to Jead to abad value.
e Even if the computerpicksan OK valie between 1 and 366), it
w illnever change. The varible index doesnotdepend on j!
REAL (din 366) :temperafire max
DO jday=1,366
READ (7 *) tem peratire max (j day)
ENDDO
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Tests to D ealw ith Uncertainty

o Tfweknow the exactand sihgulrvalies foreverything w e are
oconsiering, then testing questions about these values w ould be trivial
® The answ ersw ould be obvibus.
® Tn the ralworl, there is alv ays som e uncertaity, and varebles
seldom have only one value (they have a distrbution of values).
e If the uncertaity is sm allcom pared to w hatw e are consiering,
then the answ erism ore Ikely to be obvius.
® How ever, i many w eatherand clin ate ehted studies, the
uncertainty can be lrge enough (ektive to the test statistic thatw e
are considering) , that there can be som e doubt in an answ erto the
test.
® Conssquently, a very in portantpartofhypothesis testing isbeing abke
o make agood estn ate of the uncertainty .
® Anotherkey consideration is the type of test.

@ E——
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WHATNOT TO DO !!!
How Notto Sum

DO j=1,12

READ (7,%) monthly rent
ENDDO
annual rent= annual rent+ monthly rent
PRINT*, annualrent
® W hatiswong with this approach?

® Annual rentisnot hidalized, o the com putergets to chose.

® The summatbn isoutside the DO Ioop
® So kt'sdo trght.. .
annual rent= 00
DO j=1,12

READ (7,%) monthly rent

annual rent= annual rent+ monthly rent
ENDDO
amual rent= anmual rent+ monthly rent
PRINT*, annualrent
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Hypothesis Testng 2

M ET3220C & M ET6480
C om putational Statistics

H ypothesis Testing
(Chapter5 of W ik’sbook)
Background: key concepts

Key Pomnts:
1) Param eftric vs. N onparam etric tests

2) The elem ents of any hypothesis test
3) Confidence intervals

Hypothesis Testng 4

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

Param etric vs.N onparam etric T ests

® Param etric tests assum e that the data isw elldescribed by a theoretical
distroution (one that can be param eterized) .
® Param etric tests are often desijned to testunderw hat conditons
data fits the theoretical distroution.
® Tests could exam ine fitting param eters,
® Tegsooul exam tne a fitto the disrbution, or
® The Ikeliness ofa valie being different fiom anothervalie.
® N onparam etric tests do not rely on a presum ed distrbution.
® N onparam etric tests are designed to avod the assum ing an
underlying distrboution of the data..
e There are tw o broad categories of nonparam etric tests/Applications.
® C Issical nonparam etric tests are notdependenton the
distrbution - any disrouton would be OK .
® Resam pling technijues attem pt to use the avaikbk
observations to constructa distribution.
Hypothesis Testing 6
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Uncertainty In Fitbing Param eters

® Fitting param eters are usually determ ined from a sample of the
population. Since sam ples differ, it is reasonable to expect the fitting
param eters to differ. This situation results i uncertanty i the fitting
param eters.
® Thistype of enoris called sam pling enor.
® O bservationalenoralso contrbutes to this uncertainty.

® The setof fiting param eters determ hed from different ssmplesw ill
alko have a distroution.

® TIfthisdistrbution can be characterized, then tcanbeused ha
param etric test.

Hypothesis Testng 7

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

TheE lem entsof A HypothesisTest

® 3)Defhe the altemative hypothesis H,).
e Thishypothesis is the com plin entof the mullhypothesis.
® Example: the null hypothesis n not tue.
® A more complicated hypothesis is possble.
® Hint: think aboutw hether it is easier to clearly state nullhypothesis
oran altemative hypothess, then define the otherhypothesis as the
com plin entof the one that ism ore easily defined.
® 4)Determ e the nulldistroution
® The distrbution associated w ith a tme mullhypothesis.
® Think ofthis as a disrbution based on uncertainty inH,, .
® This distrbution could be a param etric distrboution, or
® A distrbution based on resam pling .
® Know g this distrbution helps determ ine a good test.
® 5)Compare the test statistic to the nulldistodbution.

Hypothesis Testhg 9
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O utside of R easonabl Uncertainty :

TestLevelsand p Values
® How do w e define sufficiently in probable 1 the contextof the null
hypothesis?
® W emustdefine a testprobability Ortestlevel) below which the null
hypothesis is considered sufficiently in probable.
® The nullhypothesis i refected if the probability, as defined by the test
statistic and the nulldistribution, is Jess than orequalto the test
probability.
® The test kvel isdefined in advance of the com parison.
® Trdependson the hvestigator’s jidgm ent and preferences.
® Conseguently it is som ew hat atbitrary.
® Commonvalesare 1% ,5% ,and 10% ,w ih 5% being most
common.
® n siuationswhere there are conssquences associted w ith comectand
noonectresuls, the test Evelcan be optin ized forthe gpplication.
® Thep valie I the specific testprobability (the chance of the null
hypothesis beng rejected based on the nulldistrbution) .

@ E——

Hypothesis Testng
1

TheElem entsof A HypothesisTest

® Tngenemal, hypothesis tests w illw ork thiough 5 steps.
® 1) Mentfy a test statistdc
® Chose a statistic that is appropriate to the data and the question.
® The test statisticsm ustbe computed fiom the data.
® Forparam etric tests, the statistic w flloften be a fittng
param eter forthe assum ed distrbution.
® Possibilities fornon-param etric tests are enom ous.
® 2)Defne anullhypothesis.
The null hypothesis isusually denoted asH .
The nullhypothesis defines a Iogical soucture w hich w illbe used
o exam ine the test statistic.
The null hypothesis is often designed as the com plin ent to w hat
wewoul Ike to testfor.
® Example: sudentA isnottallerthan studentB .
® Example: gbbalw amm ing i notoccunrng.

Hypothesis Testng 8
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Interpretation of the C om parison

® The hterpretation hinges on tw o factors:
® The test statistic, and
® Uncertanty h the statistic.
® W hich i then uncertainty in the null hypothesis.
® TIfthe test statistic is outside of reasonable uncertainty n the null
hypothesis, then w e can reect the nullhypothesis.
e Ifourenorsatistic isbased on absolute enor, then we can be
certai that the nullhypothesis is refected.
® Ifourenorsatistic isam easure of spread, then w e cannotbe
certain that the nullhypothesis isw rong.
® TIfthe test statistic notoutside reasonable uncertainty inH , then
® W e cannotdistinguish the resul from the nullhypothesis.
® W ecamnotsay ifeiherH  orH, i conect.

Hypothesis Testing
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Error Types

® There are two types of enors i the contextofbiary (aue orfalse)
outom es.
® FalseRejction (orfalse negative):
® Moonectrefcton of the nullhypothests (it is actually true) .
® Also knownasaType Ienor, offen denoted as a.
® Fale Positive:
® Thoonectacceptance of the altemative hypothesis when the ull

hypothesis is actually conect) .
® Al known asaType IIenor, often denoted as 3.
Srovabity densty Prbasity densty furcton of
Tncion ol ek e Geimion 1 et
ibutic statistic i a specific Hy is true Gphic firm W iks’ StatisticalM ethods
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Error Types

® The probabilities of false rejections and false positives can be
som ew hat controlled by the choice of the testprobability.
® Ideally both types of enors w ould be elin nated ; how ever, there are
m any app lications w here this deal cannotbe achieved.
® The probability of a false rejection can be estin ated if the null
distrbution hasbeen estin ated (this I yourp valie).
® Keep nm ind that the nulldistribution is estin ated - notknown.
® Som etin es the estin ation s good, othertin es itw illnotbe.
e Trisusefilto know the sensitivity of the valie assochted w h the
testprobability to enors in the nulldistdbution.
® One of the reasons to avod any extrem ely smalltest
probability i the rehtively rge sensitivity i the afls of

distroutions.
http ;/am pus fau adu @ Hypothesis Testing
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Confidence Intervals

e A confidence nterval ndicates the region w here the altemative
hypothesis is found to be true fora set chance of a false refection.
® Example: the regions n N orth Am erica w ere the rate of change of
tem perature s posiive (end different fiom no change), w th a 5%
chance ofa fale refction.
e Confidence Evelsof10% and 1% coul alko be pbtted

® The resultwould be a contourm ap ndicating differing levels of
confidence 1n the altemative hypothesis.

Hypothesis Testing
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Exam ple C ontinued
® Consderour5 sEps:
® 1) Mentify a test statistic.
® Thedifference i themeans.
® 2)Defne anullhypothesis
® The observed fraction of rain fiee days is sin flar orgreater) than 6/7.
® Fraction of ram free days> 0.857 m us statisticaluncertainty
® 3)Define the atemative hypothesis.
® The observed fiaction of i fiee days is substantially less than 6/7.
® 4)Obtan the nulldistrbution
® Rahvs.no mi isbiary, so a binary disorbution is appropriate.
® 5) Compare the cbserved statistic to the nulldisordoution.

pr{x <15} = ;i{zj] 0857*(1—0857)"

® This is the probability of finding 1525 (or few er) rai fiee days if the
advertised statistics are tie. W hat ism issing from this example?

@ E——

= 0.0015

Hypothesis Testng
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One Sided vs.Two Sided Tests

® Statstical tests can be eitherone sided ortw o sided.
® One sided testshave an altemative hypothesis that is true only on one
side of the null distribution.
® Exampk:H, = StudentA istallerthan sudentB .
® Example:H, = G bbalwam g is occundng.
® Two sied tests have an altemative hypothesis that is ttue on both sides
of the nulldistribution.
® Example:H, = StudentA hasa different heght than studentB .
® Examplk:H, = The gbbaltem perature s changing.
® Tn these examplkes, a substantialdifference 1 eitherdiecton
woul vibate the nullhypothesis.

® Th these cases the chance of a falke refection (@) i spliton both
sides of the null distribution.

e If the nulldistroution i symm etric, then o i splitequally on both
sides of the nulldistribution..

Hypothesis Testing
14

http ;/am pus fau edu,
bourmssa® m et edu @ ‘The Floriia Sate Uniersty

Example

® Considerthe word of an advertiser that 1n the summ er afteran E1N o,
tisran fiee or6 outof 7 days i the Pacific N orthw est.
® M ostpeoplk would nottake this serbusly, know ing that the Pacific
N orthw est is best know n for fog, lIight rin, depression rehted t©
Insufficient sunlight, and a mather large rah forest.
® How ever, durhg an E 1N fio eventthe w eather is iehtively sumy.
® But6/7 days soundsabit fanciful. So kt's test if the num ber is
w ithin reasonable bounds of observations.
® A ssume thatw e acguire cbservations foran sppropriate bcation.
® W e chose days thatare w ell separated, o thatw e can treat the data
as Independent.
® W e chose fiom w ihin the sum m erseason to be consistentw ih the
advertisem ent, and because thatw ill reduce the change 1 statistics
wih tine.
® W e find that for15 of 25 days the w eather is i fiee.
e Is15/25 cbse enough to 6/7 thatw e can’t tell the difference?

Hypothesis Testing
16
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