A Brief Review

e Confidencantenalslook like
mean— z-SD/y/n ... meart+ z - SD/+\/n

Usuallyz = 2 (for 95%confidence)For otherlev-
els of confidencepr to accountfor estimatingthe
SD, take z = somethingelse.

e Confidenceintervals can be usedto test predic-
tions.

— Make a predictionabouta sampleor experi-
ment,like “the meanshouldbe- - .”

— Make a confidencantenal from the datain
the sampleor the experiment

— If theconfidencentenal containghepredic-
tion, you arehapyy.

— If the confidencanterval doesnt containthe
prediction,you suspeciyou are “95% con-
fident”] that somethingwas wrong with the
assumptionsinderlyingthe prediction.

This is a round-aboutway of doing things. Hypothesis
testingis a moredirectway of testinghypothese®r pre-
dictionsaboutdata.



HypothesisTesting

In hypothesigestingyou directly calculatethe probabil-
ity thata re-runof the sample(or experiment)could be
fartherfrom the predictionthan what you obsenre, as-
sumingthe predictionis correct

The probability that a re-runof the sampleor exper

Iment could yield a resultfartherfrom the prediction
thanwhatwe have obsened, assuminghe prediction
IS correct is calleda p-value.

e p-valuesmall= Predictiondoesnot matchdata

e p-valuelarge=- Predictionanddatamatch

Whenthepredictiondoesnotmatchthedata,you suspect
theassumptionsinderlyingthe prediction.

e Sometimegouare happythatthepredictiondoesnt
work out

e Sometimegou are happythat the predictiondoes
work out

... It depend®ntheproblem!



Example

Let’sreturnto the SAT example:

TheSAT is constructedothatscoredhave anationalav-

erageof of 500anda nationalstandardleviation of 100.
A randomsampleof 64 studentdrom a recententering
classat Carngjie Mellon have an SAT verbalaverageof

555.

CentralQuestion:

How likely is it thatwe would seean SAT averageeven
fartherfrom 500if were-ranthesampldromthenational
populatior?

X — 500 _ 555 — 500

P[X >555] = P >
| | 100/4/64 100/+/64
= P|Z > 4.4]
~ 0

withoutthe helpof ary tables.
Formalpieces:

e TheNull HypothesigHy) Is

“The averageCMU enteringfreshman
SATV scoreis equalto the nationalav-
erage”




Note that this saysthereis “no change”from the
nationalpopulationto the CMU population.

This allows usto predictthatthe meanof a sam-
ple of CMU freshmemshouldhave averageSATV
scorearound500.
TheAlternativeHypothesigH,,) is

“The averageCMU enteringreshman
SATV scoreis greaterthanthenational
average”

Thisis whatwewill beledto believeif Hy doesnt
agreewith the data.lt is a one-sidedalternative
becauseave only careif CMU’s SAT averages on
onesideof thenationalaverage.

The Significancelestis the calculationof the p-
value,or probabilitythananothelCMU samplevould
yield anaverageSATV higherthan555,assuming
thatCMU studentsarelik e the nationalpopulation
of studentsThe summaryof the datawe focuson
whenwe calculatethe p-valueis theteststatistic
Thep-valuetellsushow thepredictionmatcheshe
data.A small p-value like ours suggestghat the
predictiondoesnot matchthe data (“statistically
significantdifference).



Anotherexample

A paintmanufcturertries to ensurethat the amountof
color in oneline of paintis exactly 8 g/kg. A sampleof
36 cansof paintsfrom a particularpaint mixer hasan
averageof 8.3 g/kgwith anSD of 1.02.Shouldthe man-
ufacturerbeworried?

e TheNull HypothesigHy) Is

“The averagecolorcontentof paintsfrom
this mixer is thesameas the manufc-
turersgoal’

In otherwords“nothing unusualis happening’n
thatmixer.

e TheAlternativeHypothesigH,) is

“The averagecolorconteniof paintsfrom
this mixer is differentfrom the manu-
facturers goal”

Thisis whatwewill beledto believeif Hy doesnt
agreewith the data.lt is a two-sidedalternative
becausave don't carewhich sideof the manufc-
turer's goalwe endup on, we wantto know about
all differences.



e The Significancelestis the calculationof the p-
value,or probabilitythananothersamplefrom this
mixerwouldyield anaveragecolor contentfarther
from 8 g/kgthanoursampledid. Thesampleaver-
ageis theteststatistic We calculate:

| PIX -8 >[83-8] =
”1())(2/_¢83_6 >‘1?6§/_\/§_6]

We know to expectthis to be between32% and
5%. Usingthe Minitab command

= P[|Z] > 1.76]

MIB > cdf 1.76;

SUBC> nor nal .

Normal wwth mean = 0 and

st andard devi ation = 1. 00000

X P( X <= Xx)
1. 7600 0. 9608

orlookingthisupin atable wediscorerthatP|Z <
1.76] ~ 0.96, soit mustbethat P[|Z| > 1.76] ~
0.08. Thus,thep-valueis approx.0.08.



e Thep-valueis oftencomparedo standardthresh-
hold values”. The threemostcommonlyusedval-
uesare0.01,0.05and0.10.We couldsay:

— Theeris no significantdifferencebetweerthe
paintcontentfor this mixer, andthecompary
goalof 8 g/kg, at the5% level.

— Theris a significantdifferenceatthe10%level.

Notes:

e Two sidedtestsgive the sameanswes as confi-
denceinterval tests.The 95% confidencantenal
herewould have been8.3 & 2 - 1.02//36, or from
7.96 to 8.64, this containsthe tamget value of 8
g/kg, sowe cannotrejectthe null bypothesisvith
95%confidence.

Notethat“significantat the p% level” is the same
as“(1-p)% confidence”.

e Ashortcutfor computinghep-valueofatwo-sided
testis to do the one-sidedestandthendoublethe
p-value.

e One-sidedr two-sidedJsetheonethatgoesalong
with thestory Someproblemsseento demandne
or theother If you arent sure,usea two-sidedin-
tenal.



Refinements:The T Distrib ution Again

In the paintexample,we usedthe sampleSD insteadof
apopulationSD.

To adjustfor estimatingheSDfromthesamplewe should
have usedhet-distributionwith 35(35 = 36—1 = n—1)
“degreesof freedom”.(this allows the adjustmento de-
pendonthesamplesize):

P[|X —8] > |83—-8|]] =

X -8 8.3 —8
> = Pl|Z| > 1.76
”1.02/@ 1.02/\/%] 121 |
UsingMinitab, we see
MIB > cdf 1.76;
SUBC> t 35.
Student’s t distribution wiwth 35 DF
X P( X <= Xx)
1. 7600 0. 9564

So,sinceP[Z < 1.76] ~ 0.9564, we seethat P[|Z| >
1.76] ~ 0.0872. (comparedvith p-value= 0.08thatwe
gotbefore).

You shouldnot be surprizedif you seethe ¢ distribution
In Minitab output.Theinterpretationis virtually thesame
aswith the Normaldistribution.



Two samples

In the sleepingpill examplefrom lasttime, we

gave 36 subjectghesleepingoill: meanextrasleep
0.5h,SD=1h

gave 20moresubjectasuarpill: meanextrasleep
0.25h,SD=.25h

TheNull HypothesigHy) is

“Thereis nodifferencebetweerthemean
extra sleepfor thetwo groups.

In otherwords*no difference™etweerthegroups.
TheAlternativeHypothesigH,,) Is

“Thereis adifferencé.
Thisis atwo-sidedalternative

The SignificanceTlestis the calculationof the p-
value, or probability than a re-run of the exper
Iment would yield a test statistic more different
from zerothantheoneweobsenred.Ourteststatis-
tic is thedifferencan thetwo meansdividedby an
appropriatestandarcerror.



If we askMinitab to dothis...

Two Sanple T-Test and Confidence I nterval

Two sanple T for drug vs pl acebo

N Mean St Dev SE Mean
dr ug 36 0. 50 1.00 0.17
pl acebo 20 0. 250 0. 999 0. 22

95% Cl for mu drug - nu placebo: ( -0.31, 0.81)
T-Test nu drug = mu placebo (vs not =): T= 0.90
P=0.38 DF= 39

e Thep-value, 0.38is not “statisticallysignificant”,
l.e.it is notlessthanary threshholdike 0.10,0.05
or 0.001.



HypothesisTesting: Vocalulary and Summary

(1) A Hypothesis in statisticgefersto astatemenabout
afeature(parameterdf the population.

(2) The Null Hypothesis,(Hy), is a statementhat the
parameters equalto somespecifiechumberSome
examplesare:

“The averageCMU enteringreshmarSATV scoras equalto
the nationalaverage”

“The paintconcentrations 8 g/kg”,

“The meanincreasan sleepfor patientson a new drug
IS the sameasfor patientavhogetaplacebd. [two-sided
alternatve]

(3) The Alter native Hypothesis,(H,), isalsocalledthe
motivatingor reseach hypothesislt is the oppo-
site of the null hypothesisSomeexamplesare:

“The averageCMU enteringreshmarsSATV scords greaterthan
the nationalaverage”[one-sidedalternatve]

“The paintconcentrations differentfrom 8 g/kg” [two-
sidedalternatve]

“The meanincreasan sleepfor patientson a new drug
Is NOT thesameasfor patientsvho geta placebd.




(4) A SignificanceTest is basedon a test statisticthat
shavs whetheror not the dataprovide evidence
acpinstthe null hypothesis.

(5) The p-value is anumberbetweer) andl thatmea-
suregheweightof theevidencean thedataagainst
H,. Smallp-valuesndicatestrongevidenceagainst
H,. If thep-valueof atestis smallerthanaspecific
value,suchas0.05,thenthe dataare saidto pro-
vide statisticallysignificantevidenceagainstH.




