
Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab Exercise– Lab #10

RelativeFrequency, the Central Limit Theorem,and Normal Approximation Calculations

Objectives:

1. To learnhow to simulaterandomdatain M INITAB.

2. To investigatetheCentralLimit Theoremapproximation(a.k.atheNormalapproximation).

3. To practiceprobabilitycalculationsusingtheNormalapproximationandZ-scores.

Getting Started

For theseexercisesyou will need:� A goodpencilanderaser(s)[ink pensarenot recommended!]� A scientificor businesscalculator.� M INITAB.

Copying Files

1. OpentheStudent folder. To do this, doubleclick on the“ClusterHD” icon. Thendoubleclick the
“documents”folder. Youwill eventuallymove thedatainto this folder.

2. In the following order: From the Apple menuin the upperleft handcornerof the titlebar, choose
Chooser. In thedialogbox thatappearsclick AppleShare. In thebottomleft box called“AppleTalk
Zones”selectBH. In thetop right boxwhereit says“Selectafile server” selectHSSHELIOS. Click
Ok.

3. In the dialog box that appearslogin using“36201” asyour Nameand“36201” asyour password.
Click Ok. In thedialogbox thatappearshighlight “Class.” Click Ok.

4. A “Class” icon will appearto theright. Doubleclick on the icon. Thendoubleclick on 36201.You
will seemany files in a folder.

5. Copy all of thefiles thatyou will needto theStudent folder. Do this by draggingthefiles into the
Studentfolder. For today, thedatafile will needis magazines.dat.

6. Closeall windows.
7. IMPORTANT: Dragtheclassicon into thetrash.This is necessaryto let othersin thelabgetaccess

to thedata.
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Background

TheCentral Limit Theorem(CLT) saysthat if therandomvariable
�

is thesumor averageof a lot of
similar, (nearly)independentrandomterms,then

�
will beapproximatelyNormallydistributed,with mean��� andstandarddeviation � � . Theapproximationgetsbetterasthenumberof summandsincreases.

Thereforeto estimateprobabilitiesinvolving
�

, we canconvert
�

to the � -score�	��
 �
� ������� � �
andlook up thecorrespondingprobabilityfor � in a tableof normalprobabilities.

In this labyou will explorethevalidity of theCLT for two verydifferentdistributions:� TheBinomialDistribution� A BimodalDistribution

andyouwill practicebasic“normalapproximation”probabilitycalculationsusing � -scores.

I. The Normal Approximation to the Binomial Distribution

Supposeyou do a survey of � on-campusvoters and youaskeach votersurveyedwhether
they wouldvotefor Pat Buchananin thePresidentialElectionin 2000. Thenumberof voters�

favoringBuchananin your survey is a Binomialrandomvariablewith � trials andsuccess
probability � (the probability that each voter would vote for Buchanan).

�
can be thought

of as the sumof a “1” [for Buchanan] or a “0” [for anyoneelse] for each of the � voters
surveyed. Therefore theCLT saysthat

�
shouldbeapproximatelynormallydistributed,with

mean��� ����� andstandard deviation � � ��� ����
�� � � � . Thenormalapproximationshould
get betteras � grows.

Supposethetruefractionof personson campuswho favor Buchananis 10%,so ��������� � . If we repeat
thesurvey 100times—eachtime askingjust 5 peoplewho they will votefor, andtallying thenumberwho
will votefor Buchanan—wewill have 100“Buchanancounts”whosedistribution wecancomparewith the
Normaldistribution.

To simulate100surveys of �!��" personseach,pull down theCalc menuandselectRandom
Data. ThenselectBinomial abouthalfway down thesubmenuthatappears.In thedialogbox
that follows, type 100 next to “Generate”to generateresultsfrom 100 surveys, andtype C1
below “Store in” to storethe resultsin. Nearthe bottomtype5 for “Numberof trials” (for 5
personspersurvey) and0.1for “Probabilityof Success”(for 10%who favor Buchanan).Then
click onOk.

We would like to geta generalideahow this datalooks,sopull down theStat menuandselectBasic
StatisticsandthenDescriptive Statisticsto find basicdescriptive statisticsfor columnC1. EnterC1 in the
“Variable”block,andselect“GraphicalForm” insteadof “TabularForm” nearthebottomof thedialogbox.
Click Ok andwait for awindow summarizingthedatato popup.
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Question#1: Comparethe theoreticalmeanandstandarddeviation for this sampleof 100 survey results
with thesamplevaluesfrom thegraphicalsummarywindow. Recallthat thetheoreticalmeanis ��� �#���
andthetheoreticalSD is � � � � ����
�� � � � .

Theory Sample

Mean

SD

Question#2: In thegraphicalsummarythereshouldbea normalcurve overlaidon thehistogramfor your
100surveys. Describegenerallyhow well thehistogramfollows thenormalcurve.

Now let usexpandthesizeof the100surveys from 5 personseachto 50 personseach.We will again
get100countsthatwecancompareto theNormaldistribution.

To simulate100surveys of �$��"%� personseach,follow thesameprocedureasbefore,but now
type50 for the“Numberof trials” insteadof 5 (everythingelseshouldbethesameasbefore).

Question#3: UseStat, BasicStatistics, Descriptive Statisticsasyoudid for Question1 to getagraphical
summaryof thedata. Comparethe theoreticalmeanandstandarddeviation for this sampleof 100survey
resultswith the samplevaluesfrom the graphicalsummarywindow. Recall that the theoreticalmeanis��� �&��� andthetheoreticalSD is � � � � ����
�� � � � .

Theory Sample

Mean

SD

Question#4: In thegraphicalsummarythereshouldbea normalcurve overlaidon thehistogramfor your
100surveys. Describegenerallyhow well thehistogramfollows thenormalcurve.

'
Question#5: Overall, do you think the normal approximation worked better for �(�)" or for�$��"%� ?
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'
Question#6: Use � � and � � fr om Question3 and the Normal approximation to answer the fol-

lowing question: In a sampleof 50campusvoters,approximatelyhowlikelyareyouto find8 or fewerwho
favorBuchanan?

*,+ �.-0/21 � *435 �6� - /�� 78
� *:9 � - ;
<

To fill in thelastbox,pull down theCalc menu,selectProbability Distributions andthenNormal. Click
on “Cumulative probability” nearthetop of thedialogbox thatappears,andclick on “Input constant”near
thebottomof thebox. Typein theZ-scoreyoucalculatedin thesecondline above. M INITAB will print out
thevalue = that you typedin, andalsothe probability

*,+ �>- = 1 . Copy this probability into the last box
above.

Note: Using M INITAB to look up the exactprobability like this is analternative to usingthe
68–95–99.7rulewith interpolationaswehavedonein class.Usuallyoursimplermethodgives
answerssimilar to theexactanswer.

II. The Normal Approximation to a Bimodal Distribution

Magazinemarketing research showsthat subscribers to magazinestend to either ignore the
magazinesthey subscribeto, or readthemreligeously. For a monthlymagazine, this leadsto
a distribution of magazinesreadlike the onein Table 1. Supposeyou do a survey of � such
magazinereaders. TheCLT saysthat theaverage numberof magazinesread

�
in yoursurvey

shouldbeapproximatelyNormallydistributed,with mean� � andstandard deviation � � . The
normalapproximationshouldget betteras � grows.

Magazines

ReadPerYear Probability

0 0.13

1 0.11

2 0.09

3 0.07

4 0.05

5 0.04

6 0.02

7 0.04

8 0.05

9 0.07

10 0.09

11 0.11

12 0.13

Table1: Typicaldistribution of numberof issuesreadperyear, by subscribersto amonthlymagazine.
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To begin with we input theprobabilitydistribution in Table1 into columnsC40andC41of M INITAB,
usingthefollowing threesteps:

1. In M INITAB, pull down the File menu,andselectImport Text undertheOther Files option. You
mustidentify thecolumnsinto which thedataareto beread,by double-clickingoncolumnnameson
theleft, or by typingcolumnnamesin at thetop. TypeC40-c41,sincetherearetwo columnsof data.
Thenclick onOK .

2. A new dialogboxwill appearwith theheadingMinitab followedby a list of files. Changethefolder
from Minitab to Desktop. A new setof folders,aswell asthethefile magazines.datthatyou copied
from theH&SSserver at thebeginningof thelab,will appear.

3. Selectthethefile magazines.datandclick onOpen to import thedatainto M INITAB. (Youmayhave
to tell theMac to openthefile in “M INITAB 10.5Xtra Power” at this point.) After abrief period,the
datawill appearin theM INITAB spreadsheet.

Oncetheprobabilitydistribution is importedwewill simulatesomedatafrom thismagazinedistribution.

Pull down Calc, selectRandomData andthenDiscretenearthemiddleof thesubmenu.Again
type100near“Generate”but now under“Storein columns”typeC1–C20.Next to “Valuesin”
type C40 andnext to “Probabilitiesin” type C41. Thenclick Ok andwait for the datato be
generated.

For this problemwe will follow thesameformatasin thepreviousproblem,but we will do threesizes
of survey: ���	� , �$��" and �$��?%� .� We will let C21represent100surveys of 1 personeach:Pull down Calc andselectRow Statistics.

In thedialogbox thatappears,click on the“Mean” button,andin the“Input Variables”box typeC1.
In the“Storeresultsin” box typeC21,andthenclick Ok.� Wewill let C22represent100surveysof 5 peopleeach:Pull down Calc andselectRow Statistics. In
thedialogboxthatappears,click onthe“Mean” button,andin the“Input Variables”boxtypeC1–C5.
In the“Storeresultsin” box typeC22,andthenclick Ok.� We will let C23represent100surveys of 20 peopleeach:Pull down Calc andselectRow Statistics.
In the dialog box that appears,click on the “Mean” button, and in the “Input Variables”box type
C1–C20.In the“Storeresultsin” box typeC23,andthenclick Ok.

Question#7: UseStat, BasicStatistics, Descriptive Statisticsto getgraphicaldescriptive statisticsof the
threesamplesin C21,C22andC23.Describehow well eachhistogramfollows theoverlaidnormalcurve.

'
Question#8: Describe the evidence that this exercise gives for the CLT, for the magazinedata.

What happens,asthe samplesizechangesfrom 1 to 5 to 20magazinereadersper survey?

5



'
Question#9: Usethe value of Mean for � � and StDev for � � in the graphical summary of

C23 (samplesof size20) together with the Normal approximation to answer the following question:
How likelyare youto find that theaverage numberof magazinesreadin a yearlysubscriptionbya random
sampleof 20magazinesubscribers is lessthanor equalto 5?

*,+ �.- " 1 � * 35 �6� - " � 78
� * 9 � - ;
<

To fill in thelastbox,pull down theCalc menu,selectProbability Distributions andthenNormal. Click
on “Cumulative probability” nearthetop of thedialogbox thatappears,andclick on “Input constant”near
thebottomof thebox. Typein theZ-scoreyoucalculatedin thesecondline above. M INITAB will print out
thevalue = that you typedin, andalsothe probability

*,+ �>- = 1 . Copy this probability into the last box
above.

Note: Again,we couldhave approximatedthis probabilityusingthe68–95–99.7rule together
with interpolation,but lettingM INITAB look uptheanswerlike this is fasterandmoreaccurate
(if youare lucky enoughto havea computerwith M INITAB around!).

To quit M INITAB choosetheQuit commandin theFile menu.Do not saveany changes. Deletefiles
andfolders that youmighthavecreated.Log outof theMac if youhadto log in.
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