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36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #12[therewasno lab #11]

ConfidenceInter valsand HypothesisTesting

Objectives:

1. To specifythenull andalternative hypothesisin severaldifferentresearchsettings.

2. To useexploratorymethods(i.e., boxplotsandnumericalsummarymeasures),confidenceintervals,
and� -valuesto evaluatetheevidencein adatasetin supportof thenull hypothesis.

Getting Started

For today’s labyouwill needtocopy 2datafilesusingthefile server. Thedatafilesaretext formated files
calledsalary.dat,anorexia.dat. Copy thefilesnow.

Statistical Background

Definitions: A review

(1) A Hypothesis in statisticsrefersto astatementaboutafeatureof thepopulation.Specifically, ahypoth-
esisis astatementaboutthevalue(s)of apopulationparameter.

(2) The Null Hypothesis,(H � ), is a statementthattheparameteris equalto somespecifiednumber. Some
examplesare:

“ �������	� ”,
“ 
���
�
�� ��� ”
“The meanREM latency 
 for depressedpatientsis equalto 50minutes.”

(3) The Alternative Hypothesis,(H � ), is alsocalledthemotivatingor research hypothesis. It is theoppo-
siteof thenull hypothesis.Someexamplesare:

“ ��������	� ”,
“ 
 � 
�
 � ���� ”
“The meanREM latency 
 for depressedpatientsis notequalto 50minutes.”

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

(5) The p-value is a numberbetween0 and1 thatmeasurestheweightof theevidencein thedataagainst� � . Small � -valuesindicatestrongevidenceagainst
� � . If the � -valueof a test is smallerthana

specificvalue,suchas0.05,thenthedataaresaidto provide statisticallysignificantevidenceagainst� � .
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Question #1 Consider the following situation: “ A sociologistis interestedin whether a different

percentageof female high schoolstudents in the U.S. will say that biology is their favorite subject
than male high schoolstudents. Sheinterviewsa random sampleof high schoolstudentsbasedon a
national probability sample.”
(i) What is the population?
(ii) What are the parametersof interest?
(iii) Statean appropriate null hypothesisand alternative hypothesisfor this study.

Example#1: Statistical Comparisonof Faculty Salaries

UseOpen Worksheetto openthetext datafile calledsalary.dat. Thisdatafile containsthe1973-1974
salariesin dollars for the female(F.SALARY) andmale(M .SALARY) faculty membersin the department
of early andelementaryeducationat the University of Maryland. We areinterestedin whetherthereis a
differencein thesalariesbetweenthefemaleandmalefaculty.

Question#2 Is thisstudyanexperiment?Why or why not?

Weareinterestedin therelationshipbetweenSALARY, theresponsevariable,andGENDER, theexplana-
tory variable.However, thedataarenot presentedin this format.Whatis givento usis thesalaryfor males
andthesalaryfor females.To make a boxplotusingBoxplot Y by X we needto changetheformatof the
data.We alreadyknow how to useMinitab to do this. Hint: UsetheStack commandandcreatevariables
calledsalaryandgender.

Important: You needto surround the variable namesin single(’) quotesif you want to usethem
insteadof the column numbers,i.e. ’m.salary’ )

Question#3 Make a boxplotof SALARY by GENDER. Describeandcomparethedistribution of salariesin
thetwo groups.

Question#4 In thetablebelow, enterthevaluesfor thefollowing numericalsummarymeasures.(UseStat
� BasicStatistics � Descriptive Statistics).

FemaleFaculty MaleFaculty
��
���

Median

IQR
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Find thedifferencebetweenthesamplemeansalaryfor malesandsamplemeansalaryfor females.

Question#5Wewantto find a95%confidenceinterval for thedifferencebetweenthe2 means.To do this,
from theStat menu,selecttheBasicStatisticssub-menu,andchoose2-samplet. You canuseeitherthe
stackedcolumnandsubscriptswith “Samplesin onecolumn”or youcanusetheoriginal two columnswith
“Samplesin differentcolumns”. You will get thesameresults.Write down the interval for thedifference
betweenthemeansalaryfor thetwo groups.

Question#6 Is thevalue0 containedin your interval? Why is 0 an importantvalueto consider?Interpret
theabove interval in thecontext of theproblem.

�
Question#7 Find a 90% confidenceinterval for the differencebetweenthe 2 means. Write down

the interval for the differencebetweenthe meansalary for the two groups. Is the value0 containedin
your interval? Interpret the interval in the contextof the problem.
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Question #8 What feature(s)of the datapresentin your boxplot will make you cautiousabouthow you
interpretyourconfidenceintervalsfor thesedata.Why?

Question#9 We next wantto do a significancetestfor thesetwo means.An alternative hypothesis(H � ) of
interestis thatthepopulationmeansalaryfor femalefaculty, 
�� , is differentfrom themeansalaryfor male
faculty, 
! . In words,write-outthenull hypothesis. (Seedefinition(3)).

FromtheEdit Menu,chooseEdit Last CommandDialog. ChangetheConfidenceLevel backto 95.0.
Click OK .
Question#10Below is acopy of whatyoushouldhave in yourSessionwindow:

Two Sample T-Test and Confidence Interval

Twosample T for m.salary vs. f.salary

N Mean StDev SE Mean
m.salary 17 17899 3907 948
f.salary 13 15535 2648 734

95% C.I. for mu m.salary - mu f.salary: (-96, 4825)
T-Test mu m.salary = mu f.salary (vs not =): T= 1.97 P=0.059 DF=27

(i) Circleandlabelthenull hypothesis.
(ii) Circleandlabelthealternativehypothesis.
(iii) Whatis thedifferencebetweenthetwo samplemeans?

Question#11 Note that the last line in thewindow which readsP=0.059is the � -value. Basedon this � -
valuehow wouldyou evaluatetheevidenceagainst

� � ? (Seedefinition(5).)
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Question #12 Basedon all of the analysesthat you have done (boxplot, confidenceintervals and

significancetest),what conclusionswould youmakeabout thedifferencesin themeansalariesbetween
femaleand male faculty?

Boxplots:

ConfidenceInter vals:

SignificanceTest:

Do you reach different conclusionsabout the relationship betweensalary and gender using these
different methods?Why do you think this is?

Wearedonewith thisexample.FromtheFile menu,chooseRestart Minitab . Do notsaveany changes.

Example#2. Statistical Comparisonof Two Treatmentsfor Anorexia

In thisexampleyouwill practicethemethodsthat youlearnedin Example#1.

A researchpsychologistis interestedin treatinganorexia nervosa,aneatingdisorderthatoccursmostly
in youngwomenandresultsin weight lossandthe inability to gainweight. Specifically, sheis interested
in theeffect of two differenttypesof counseling,psychodynamiccounselingandbehavioristic counseling,
on weightgainin youngwomenwith anorexia. Thirty youngwomenwith anorexia arerandomlyassigned
to two differentcounselinggroups.At the beginningof the studytheir weightsaremeasured.Thenafter
the studytheir weightsaremeasuredagain. The outcomevariableof interestis the changein weight or
weightgainover thecourseof thestudy. Thepsychologist wouldlike to knowwhetherwomenwhoreceive
behavioristiccounselinghavea different weightgain thanwomenwhoreceivepsychodynamiccounseling.

UseOpen Worksheet to openthe text datafile calledanorexia.dat. Thereare2 variablesin the file.
B.WT-GAIN is theweightgain(in pounds)for thewomenwho receivedbehavioral counseling;P.WT-GAIN

is theweightgain(in pounds)for thewomenwhoreceivedpsychodynamiccounseling.
Question #13 What is the responsevariableandwhat is the explanatoryvariablein this study? Are the
responsevariableandthe explanatoryvariablequantitative and/orcategorical variables?Is this studyan
experiment?Why or why not?

�
Question#14.In words,statethe null hypothesisand statethe alternative hypothesisfor this exper-

iment. (Seedefinitions (2) and (3).)

To makeanappropriateboxplotyouneedto follow thestepsdescribedright before question#3.
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Question #15 Make boxplotsof the distribution of weightgain for the two counselinggroups. From the
boxplotswhataretheapproximatemedianweightgainsfor eachgroup?Are thereany featuresof thedata
thatmake youconcernedaboutusingconfidenceintervalsfor thesedata?

Question#16Basedon your boxplotsdescribetheeffectsof the two typesof counselingon weightgain.
Do you think thesedataprovideevidencefor or against

� � ? Explain.

Question#17Find thefollowing numericalsummarymeasures:

Behavioral Psychodynamic
��
���

Median

IQR

Whatis thedifferencein themeanweightgainbetweenthetwo groups?

Question #18 Find a 95% confidenceinterval for the differencebetweenthe 2 means. Write down the
interval for thedifferencebetweenthemeanweightgainfor thetwo groups.
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Question#19Basedon this interval would you saythat thereis a differentialeffect on weightgaindueto
thetypeof counselingawomanreceived?Why or why not?

Question#20Whatis the � -valuefor
� � ? (Be sureto choosethecorrectalternative hypothesis.)Basedon

this � -value,how wouldyouevaluatetheevidenceagainst
� � ? Explain.

�
Question#21.Basedon all of the analysesthat you havedone,(boxplot, confidenceinterval and sig-

nificancetest),what conclusionwould you make about the relative effectsof behavioristic counseling
versuspsychodynamiccounselingon weight gain in youngwomenwith anorexianervosa?

Boxplots:

ConfidenceInter val:

SignificanceTest:

Summarize:

Rememberto deletefilesandfolders thatyoumighthavecreated
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