
A Brief Review� Confidenceintervalslook like

mean� � � ��� �	� 

. . . mean� � � ��� �	� 


Usually � � 
 (for 95%confidence).For otherlev-
elsof confidence,or to accountfor estimatingthe
SD,take � � somethingelse.� Confidenceintervals can be usedto test predic-
tions.

– Make a predictionabouta sampleor experi-
ment,like “the meanshouldbe ����� ”

– Make a confidenceinterval from the datain
thesampleor theexperiment

– If theconfidenceinterval containsthepredic-
tion, youarehappy.

– If theconfidenceinterval doesn’t containthe
prediction,you suspect[you are“95% con-
fident”] that somethingwaswrong with the
assumptionsunderlyingtheprediction.

This is a round-aboutway of doing things.Hypothesis
testingis amoredirectwayof testinghypothesesor pre-
dictionsaboutdata.



HypothesisTesting

In hypothesistestingyou directly calculatetheprobabil-
ity that a re-runof the sample(or experiment)couldbe
fartherfrom the predictionthan what you observe, as-
sumingthepredictionis correct.

The probability that a re-runof the sampleor exper-
iment could yield a result fartherfrom the prediction
thanwhatwe have observed,assumingtheprediction
is correct, is calleda � -value.� � -valuesmall � Predictiondoesnotmatchdata� � -valuelarge � Predictionanddatamatch

Whenthepredictiondoesnotmatchthedata,yoususpect
theassumptionsunderlyingtheprediction.� Sometimesyouarehappythatthepredictiondoesn’t

workout� Sometimesyouare happythat thepredictiondoes
workout

. . . it dependson theproblem!



Example

Let’s returnto theSAT example:

TheSAT is constructedsothatscoreshaveanationalav-
erageof of 500andanationalstandarddeviationof 100.
A randomsampleof 64 studentsfrom a recententering
classat Carnegie Mellon have anSAT verbalaverageof
555.

CentralQuestion:
How likely is it thatwe would seeanSAT averageeven
fartherfrom500if were-ranthesamplefromthenational
population?� � � � ������� � � � � � ������ ��� � � ��� � ����� � ������ ��� � � ���  � � �"! � �$#"� �% �
without thehelpof any tables.
Formalpieces:� TheNull Hypothesis(H & ) is

“The averageCMU enteringfreshman
SATV scoreis equalto thenationalav-
erage”



Note that this saysthereis “no change”from the
nationalpopulationto theCMU population.
This allows us to predict that the meanof a sam-
ple of CMU freshmenshouldhave averageSATV
scorearound500.� TheAlternativeHypothesis(H ' ) is

“The averageCMU enteringreshman
SATV scoreis greaterthanthenational
average”

This is whatwewill beledto believeif ( & doesn’t
agreewith the data.It is a one-sidedalternative
becausewe only careif CMU’s SAT averageis on
onesideof thenationalaverage.� The SignificanceTest is the calculationof the � -
value,orprobabilitythananotherCMU samplewould
yield anaverageSATV higherthan555,assuming
thatCMU studentsarelike thenationalpopulation
of students.Thesummaryof thedatawe focuson
whenwecalculatethe � -valueis theteststatistic.� The� -valuetellsushow thepredictionmatchesthe
data.A small � -value like ours suggeststhat the
predictiondoesnot matchthe data(“statistically
significantdifference”).



Anotherexample

A paint manufacturertries to ensurethat the amountof
color in oneline of paint is exactly 8 g/kg. A sampleof
36 cansof paintsfrom a particularpaint mixer hasan
averageof 8.3g/kgwith anSDof 1.02.Shouldtheman-
ufacturerbeworried?� TheNull Hypothesis(H & ) is

“Theaveragecolorcontentof paintsfrom
this mixer is thesameas the manufac-
turer’s goal.”

In otherwords“nothing unusualis happening”in
thatmixer.� TheAlternativeHypothesis(H ' ) is

“Theaveragecolorcontentof paintsfrom
this mixer is differentfrom the manu-
facturer’s goal.”

This is whatwewill beledto believeif ( & doesn’t
agreewith the data.It is a two-sidedalternative
becausewe don’t carewhich sideof themanufac-
turer’s goalwe endup on,we wantto know about
all differences.



� The SignificanceTest is the calculationof the � -
value,or probabilitythananothersamplefrom this
mixerwouldyield anaveragecolorcontentfarther
from 8 g/kgthanoursampledid. Thesampleaver-
ageis theteststatistic. Wecalculate:� �*) � � + )	� ) + #-, � + ).� �� �0////

� � +� # � 
 � � ,�� //// � //// + #1, � +� # � 
 � � ,2� ////  � � �3)4! )5� � #76�� �
We know to expect this to be between32% and
5%.UsingtheMinitab command

MTB > cdf 1.76;
SUBC> normal.
Normal with mean = 0 and
standard deviation = 1.00000

x P( X <= x)
1.7600 0.9608

or lookingthisupin atable,wediscoverthat
� �8! 9� #76�� � % � #1:2�

, so it mustbethat
� �3)4! );� � #<6�� � %� # � + . Thus,the � -valueis approx.0.08.



� The � -valueis oftencomparedto standard“thresh-
hold values”.Thethreemostcommonlyusedval-
uesare0.01,0.05and0.10.Wecouldsay:

– There is nosignificantdifferencebetweenthe
paintcontentfor thismixer, andthecompany
goalof 8 g/kg,at the5%level.

– There is a significantdifferenceat the10%level.

Notes:� Two sidedtestsgive the sameanswers as confi-
denceinterval tests.The 95% confidenceinterval
herewouldhavebeen+ #-,>= 
 � � # � 
 � � ,��

, or from
7.96 to 8.64; this containsthe target value of 8
g/kg, sowe cannotrejectthenull bypothesiswith
95%confidence.
Notethat“significantat the � % level” is thesame
as“(1-p)% confidence”.� Ashortcutfor computingthe� -valueofa two-sided
testis to do theone-sidedtestandthendoublethe� -value.� One-sidedor two-sided?Usetheonethatgoesalong
with thestory. Someproblemsseemtodemandone
or theother. If you aren’t sure,usea two-sidedin-
terval.



Refinements:The ? Distribution Again

In thepaintexample,we usedthesampleSD insteadof
apopulationSD.

Toadjustfor estimatingtheSDfromthesample,weshould
haveusedthe @ -distributionwith 35(

, � � ,�� � � � 
 � �
)

“degreesof freedom”.(this allows theadjustmentto de-
pendon thesamplesize):� �3) � � + )	� ) + #-, � + ).� �� �A////

� � +� # � 
 � � ,2� //// � //// + #-, � +� # � 
 � � ,�� ////  � � �3)4! )B� � #<6�� �
UsingMinitab, wesee

MTB > cdf 1.76;
SUBC> t 35.
Student’s t distribution with 35 DF

x P( X <= x)
1.7600 0.9564

So,since
� �8! 9 � #<6�� � % � #-: � ���

, we seethat
� �3)8! )C�� #76�� � % � # � + 6 
 . (comparedwith � -value � 0.08thatwe

gotbefore).

You shouldnot besurprizedif youseethe @ distribution
in Minitaboutput.Theinterpretationis virtually thesame
aswith theNormaldistribution.



Two samples

In thesleepingpill examplefrom lasttime,we� gave36subjectsthesleepingpill: meanextrasleep
0.5h,SD=1h� gave20moresubjectsasugarpill: meanextrasleep
0.25h,SD=.25h� TheNull Hypothesis(H & ) is

“Thereisnodifferencebetweenthemean
extrasleepfor thetwo groups.”

In otherwords“no difference”betweenthegroups.� TheAlternativeHypothesis(H ' ) is

“Thereis adifference.”

This is a two-sidedalternative.� The SignificanceTest is the calculationof the � -
value, or probability than a re-run of the exper-
iment would yield a test statisticmore different
fromzerothantheoneweobserved.Ourteststatis-
tic is thedifferencein thetwo means,dividedby an
appropriatestandarderror.



If weaskMinitab to do this.. .

Two Sample T-Test and Confidence Interval

Two sample T for drug vs placebo
N Mean StDev SE Mean

drug 36 0.50 1.00 0.17
placebo 20 0.250 0.999 0.22

95% CI for mu drug - mu placebo: ( -0.31, 0.81)
T-Test mu drug = mu placebo (vs not =): T= 0.90
P=0.38 DF= 39� The � -value, 0.38is not “statisticallysignificant”,

i.e. it is not lessthanany threshholdlike0.10,0.05
or 0.001.



HypothesisTesting:Vocabulary and Summary

(1) A Hypothesis in statisticsrefersto astatementabout
a feature(parameter)of thepopulation.

(2) The Null Hypothesis,(H & ), is a statementthat the
parameterisequaltosomespecifiednumber. Some
examplesare:

“TheaverageCMU enteringfreshmanSATV scoreis equalto
thenationalaverage”

“The paintconcentrationis 8 g/kg”,

“The meanincreasein sleepfor patientson a new drug
is thesameasfor patientswhogetaplacebo.” [two-sided
alternative]

(3) The Alternative Hypothesis,(H ' ), isalsocalledthe
motivatingor research hypothesis. It is the oppo-
siteof thenull hypothesis.Someexamplesare:

“TheaverageCMU enteringreshmanSATV scoreis greaterthan
thenationalaverage”[one-sidedalternative]

“The paintconcentrationis differentfrom 8 g/kg” [two-
sidedalternative]

“The meanincreasein sleepfor patientson a new drug
is NOT thesameasfor patientswhogetaplacebo.”



(4) A SignificanceTest is basedon a test statisticthat
shows whetheror not the dataprovide evidence
againstthenull hypothesis.

(5) The p-value is a numberbetween0 and1 thatmea-
surestheweightof theevidencein thedataagainst( & . Small� -valuesindicatestrongevidenceagainst( & . If the � -valueof atestis smallerthanaspecific
value,suchas0.05,thenthe dataaresaidto pro-
videstatisticallysignificantevidenceagainst ( & .


