INTRODUCTION TO STATISTICAL REASONING

36-201 Lab #12-Partial Solutions

Question#1 Thepopulationis all U.S. high schoolstudentsThe parametersf interestarethe percent-
ageof femalesandmalesin the populationwho saybiology s their favorite subject.

H, : The percentag®ef femalehigh schoolstudentsvho claim biology is their favorite subjectis less
thanor equalto the percentag®f malehigh schoolstudentswvho claim biology is their favorite
subject.

H, : Thepercentagef femalehighschoolstudentsvho claimbiologyis theirfavorite subjectis greater
thanthe percentagef malehigh schoolstudentavho claim biology is their favorite subject.

Example#1: Faculty Salaries

Questions#5-6 A 95%confidencéntenal for thedifferencan themeanfaculty salarybetweerfemales
andmalesbetween-$96 and $4825. This meansthat we are 95% confidentthat the true differencein
salariedallsin thisintenal. Sincethevalue$0 indicatesno differencein the averagesalariesandsince
this intenal contains$0, we cannotrule out (at the 95% level) the possibility thatthereis no difference
in the averagesalariebetweerthefemaleandthe malefaculty

Question#7 On the otherhanda 90% confidencantenal for the differencein the meanfaculty salary
is between$322 and $4407. Sincethis intenal doesnot contain$0, we are 90% confidentthat there
is a differencein averagefaculty salarybetweenfemalesand males,andfurther, the femalesmake on
the averagebetween$4407and$322lessmong thanthe malefaculty This intenal is narraver than
the 95% intenal (andthereforedoesnot contain0) but we arelessconfidentthatthe true differenceis
containedn theintenal.

Question#8 Therearetwo large positive outliersin thefemalegroup;their effecton theaveragefemale
faculty salaryis to male it larger andthereforecloserto the averagemalesalary Thisis why the 95%
intenal suggestshatthereis no differencein the averagesalarybetweerthe two groups,whereaghe
boxplotsuggestshatthereis.

Questions#9—-11The null hypothesids thatthereis no differencebetweerthe averagefemalefaculty
salaryandtheaveragemalefacultysalary (Hy : up — pupr = 00r Hy : pup = piar-)

Thealternatve hypothesiss thattheaveragesalaryfor femalefacultyis differentfrom theaveragesalary
for malefaculty (H, : pp — ppr Z00rHy : pp # pps-)

Thep-valuefor thistestis 0.0589.This meanghatthedataoffer mild to moderatelystrongevidence
againstthe null hypothesisof no differencein averagesalariesbetweerfemalesandmales. Again, the
p-valueis sensitve to the outliersin the dataandwithout the outliersthe evidenceagainstd, would be
muchstronger



Question#12Whenwe constructedhe confidencantenal, we checledto seewhethera specificvalue,
0, wascontainedn theintenal. The 95% intenal did containO but the 90% interval did not. Thesere-
sultsareconsistentvith thep-valuefrom thetestwhich indicateghatthereis mild to moderatelystrong
evidenceagainsthenull hypothesighatthereis no differencen averagesalary

The boxesin the boxplots, representinghe middle 50% of eachrespectie distribution of salary
overlapa little asdo the 95% confidenceintenals for the medians. This againsuggestghat thereis
somedifferencebetweenthe femalefaculty’s distribution of salaryandthe malefaculty's distribution
but perhapsiot a very strongdifference.However, the majorfeatureghatwe noticein the boxplotsare
the 2 large positive outliersin the females distribution which may have alarge effect on the confidence
intenalsandthep-value.

Example#2: Anorexia Data

Question#13 The response variableis weight gain, which is a quantitatve variable. The explanatory
variableis treatmenfgroup,which is a cateyorical variablewith two levels, behaioral counselingand
psychodynamicounseling.

This studyis anexperiment sincetheinvestigatolis manipulatingwvhich treatmentachwomanreceves
by randomlyassigningeachwomanto a treatmengroup.

Question#14 The null hypothesis is that the averageweight gain for womenwho receve behaioral
counselingis the sameasthe averageweight gain for the womenwho receve psychodynamicoun-
seling. The alternative hypothesis is that the averageweight gain for womenwho receve behaioral
counselings differentfrom the averageweightgainfor womenwhoreceve pyschodynamicounseling.

Questions#18-19We are95% confidentthatthe differencein the averageweightgainfor womenwho
receve behaioral counselingis between0.43 and 3.07 poundsgreaterthan the womenwho receve
psychodynamicounseling Sincethis interval doesnotinclude0 andboth endpointof theintenal are
positive, we would concludewith 95%confidencahatthewomanwho receve behaioral counselingio
betterthanthe womenwho receve psychodynamicounseling.

Question #20 The p-valuefor thetestof the null hypothesisof no differencein weightgainis 0.011.

This meanghatthe dataprovide pretty strongevidenceagainstthe null hypothesisjndicatingthatthe

datasupportthe alternatve hypothesighatthe two therapiediffer in averageweightgain,andsuggest
thatbehaioral therapy is better

Question#21 Eventhoughthe boxesin the boxplotoverlapsome,@Qs for the psychodynamigroupis
still lessthanthe medianweight gain for the behaioral group. Further the 95% confidencentenal
for the medianin eachrespectie groupdo not overlap,indicatinga differencein the medians.Sothe
evidencefrom the informal analysisbasedon the boxplotsagreeswith the formal analysedasedon
confidencentenals andp-values. We also note that the distributions of weight gain do not have ary
outliersanddo notlook terribly skewed supportinghevalidity of the confidencentenals andp-values.
Finally, the reducedstandarddeviation andhigher @, for the behaioral group meansthat behaioral
counselingnoreconsistentiyproduces goodresult.



