Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab Exercise—Lab #10
Relative Frequency the Central Limit Theorem,and Normal Approximation Calculations

Objectives:

1.
2.
3.

To learnhow to simulaterandomdatain MINITAB.
To investigatethe CentralLimit Theoremapproximationa.k.athe Normalapproximation).

To practiceprobability calculationsusingthe NormalapproximatiorandZ-scores.

Getting Started

For theseexercises/ouwill need:

»

A goodpencilanderaser(s)ink pensarenotrecommended!]
A scientificor businessalculator

MINITAB.

Copying Files

. Openthe Studentfolder. To do this, doubleclick onthe“ClusterHD” icon. Thendoubleclick the

“documents’folder. Youwill eventuallymove the datainto this folder.

. In the following order: From the Apple menuin the upperleft handcornerof the titlebar choose

Chooser In thedialogboxthatappearglick AppleShare. In the bottomleft box called“AppleTalk
Zones"selectBH. In thetop right box whereit says‘Selectafile sener” selectHSSHELIOS. Click
Ok.

. In the dialog box that appeardogin using“36201” asyour Nameand “36201” asyour passverd.

Click Ok. In thedialogbox thatappearsighlight“Class’ Click Ok.

. A “Class”icon will appeatto theright. Doubleclick ontheicon. Thendoubleclick on 36201.You

will seemary filesin afolder.

. Copy all of thefiles thatyou will needto the Student folder. Do this by draggingthe files into the

Studenfolder. Fortoday thedatafile will needis magazines.dat

. Closeall windows.
. IMPORTANT: Dragtheclassiconinto thetrash.This is necessaryo let othersin thelab getaccess

to thedata.



Background

The Central Limit Theoem (CLT) saysthatif therandomvariable X is the sumor averageof alot of
similar, (nearly)independentandomterms,thenX will beapproximatelyNormally distributed,with mean
ux andstandardieviation o x . Theapproximatiorgetsbetterasthe numberof summandincreases.

Thereforeto estimateprobabilitiesinvolving X, we cancornvert X to the z-scoreZ = (X — ux)/ox
andlook up thecorrespondingrobabilityfor Z in atableof normalprobabilities.

In thislabyouwill explorethevalidity of the CLT for two very differentdistributions:

e TheBinomial Distribution
e A BimodalDistribution

andyouwill practicebasic‘normal approximation’probability calculationsusing Z-scores.

I. The Normal Approximation to the Binomial Distrib ution

Supposgoudo a survey of n on-campusoters and you askead voter survgzed whether
they would votefor Pat Buchananin the PresidentialElectionin 2000. Thenumberof voters
X favoring Buchananin your surve is a Binomialrandomvariablewith n trials and success
probability p (the probability that ead voter would vote for Budhanan). X can be thought
of asthe sumof a “1” [for Buchanan]or a “0” [for anyoneelse]for eat of the n voters
survegyed. Theefore the CLT saysthat X shouldbe approximatelynormally distributed, with

meanu x = np andstandad deviationox = v/np(1 — p). Thenormalapproximationshould
getbetterasn grows.

Supposehetruefractionof personn campusvho favor Buchanans 10%,sop = 0.10. If werepeat
the suney 100times—eachime askingjust 5 peoplewho they will votefor, andtallying the numberwho
will vote for Buchanan—waevill have 100“Buchanancounts”whosedistribution we cancomparewith the
Normaldistribution.

To simulatel00suneys of n = 5 personseach pull down the Calc menuandselectRandom
Data. ThenselectBinomial abouthalfway down the submenuhatappearsin thedialogbox
that follows, type 100 next to “Generateto generataesultsfrom 100 suneys, andtype C1
belov “Storein” to storethe resultsin. Nearthe bottomtype 5 for “Number of trials” (for 5
persongersuney) and0.1for “Probability of Success’(for 10%who favor Buchanan)Then
click onOk.

We would like to geta generalideahow this datalooks, so pull down the Stat menuandselectBasic
StatisticsandthenDescriptive Statisticsto find basicdescriptve statisticsfor columnC1. EnterClin the
“Variable”block, andselect'‘GraphicalForm” insteadof “Takular Form” nearthe bottomof thedialogbox.
Click Ok andwait for awindov summarizinghe datato popup.



Question#1: Comparethe theoreticaimeanand standarddeviation for this sampleof 100 suney results
with the samplevaluesfrom the graphicalsummarywindown. Recallthatthetheoreticaimeanis yx = np

andthetheoreticaSDis ox = /np(1 — p).

Theory | Sample

Mean

SD

Question#2: In the graphicalsummarythereshouldbe a normalcurve overlaid on the histogramfor your
100suneys. Describegenerallyhow well the histogranfollows the normalcure.

Now let us expandthe size of the 100 surweys from 5 personseachto 50 personsach. We will again
get100countsthatwe cancompareo the Normaldistribution.

To simulatel00suneys of n = 50 personsach follow the sameprocedureasbefore but now
type 50 for the“Numberof trials” insteadof 5 (everythingelseshouldbethe sameasbefore).

Question#3: UseStat, Basic Statistics Descriptive Statisticsasyou did for Questionl to getagraphical
summaryof the data. Comparethe theoreticalmeanandstandardeviation for this sampleof 100 suney
resultswith the samplevaluesfrom the graphicalsummarywindow. Recallthat the theoreticalmeanis

px = np andthetheoreticalSDis o x = /np(1 — p).

Theory | Sample

Mean

SD

Question#4: In the graphicalsummarythereshouldbe a normalcurve overlaid on the histogramfor your
100suneys. Describegenerallyhow well the histogranfollows the normalcurve.

& Question#5: Overall, do you think the normal approximation worked better for n = 5 or for
n = 50?



& Question#6: Useux and ox from Question3 and the Normal approximation to answer the fol-
lowing question: In a sampleof 50 campusvoters, appioximatelyhowlikely are youto find 8 or fewerwho
favor Budhanan?

P[X<8 = P

~
~

Tofill in thelastbox, pull down the Calc menu,selectProbability Distrib utions andthenNormal. Click
on “Cumulative probability” nearthetop of the dialogbox thatappearsandclick on “Input constant’near
thebottomof thebox. Typein the Z-scoreyou calculatedn the secondine abore. MINITAB will print out
the value z thatyou typedin, andalsothe probability P[X < z]|. Copy this probabilityinto the last box
above.

Note: Using MINITAB to look up the exactprobability like this is an alternatve to usingthe
68—-95-99.Fule with interpolationaswe have donein class.Usuallyour simplermethodgives
answersimilarto theexactanswer

II. The Normal Approximation to a Bimodal Distrib ution

Magazinemarketing reseach showsthat subscribes to magazinestendto eitherignore the
magazineshey subscribeto, or readthemreligeously For a monthlymagazine this leadsto
a distribution of magazinesreadlike the onein Table 1. Suppose/oudo a survey of n sud
magazinereades. TheCLT saysthatthe aveiage numberof magazinesead X in your survey
shouldbe appoximatelyNormally distributed, with meanu~- andstandad deviation 0. The
normalappoximationshouldget betterasn grows.

Magazines
ReadPerYear Probability
0.13
0.11
0.09
0.07
0.05
0.04
0.02
0.04
0.05
0.07
0.09
0.11
0.13
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Tablel: Typicaldistribution of numberof issuegeadperyear by subscriberso a monthlymagazine.



To bagin with we input the probability distribution in Tablel into columnsC40andC41of MINITAB,
usingthefollowing threesteps:

1. In MINITAB, pull down the File menu,andselectimport Text underthe Other Files option. You
mustidentify the columnsinto which thedataareto beread,by double-clickingon columnnameson
theleft, or by typing columnnamesn atthetop. Type C40-c41 sincetherearetwo columnsof data.
Thenclick on OK.

2. A new dialogboxwill appeamwith theheadingMinitab followedby alist of files. Changehefolder
from Minitab to Desktop A new setof folders,aswell asthethefile magazines.dathatyou copied
from the H&SS sener atthebeginningof thelab, will appear

3. Selectthethefile magazines.daandclick on Opento importthedatainto MINITAB. (Youmayhave
to tell the Macto openthefile in “MINITAB 10.5Xtra Power” atthis point.) After a brief period,the
datawill appeain the MINITAB spreadsheet.

Oncetheprobability distribution is importedwe will simulatesomedatafrom this magazinedistribution.

Pulldown Calc, seleciRandom Data andthenDiscrete nearthe middleof thesubmenuAgain
type100near‘Generate’but now under“Storein columns”type C1—-C20.Next to “Valuesin”
type C40 andnext to “Probabilitiesin” type C41. Thenclick Ok andwait for the datato be
generated.

For this problemwe will follow the sameformatasin the previous problem,but we will dothreesizes
of suney: n =1, n =5 andn = 20.

o We will let C21represent00suneys of 1 personeach:Pull down Calc andselectRow Statistics
In thedialogbox thatappearsglick onthe“Mean” button,andin the“Input Variables”boxtype C1.
In the“Storeresultsin” boxtypeC21,andthenclick Ok.

o Wewill let C22represeni00suneys of 5 peopleeach:Pull down Calc andselectRow Statistics In
thedialogboxthatappearsglick onthe“Mean” button,andin the“Input Variables"box type C1-C5.
In the“Storeresultsin” box typeC22,andthenclick Ok.

e Wewill let C23represenii00suneys of 20 peopleeach:Pull down Calc andselectRow Statistics
In the dialog box that appearsglick on the “Mean” button, andin the “Input Variables”box type
C1-C20.In the“Storeresultsin” box type C23,andthenclick Ok.

Question#7: UseStat, Basic Statistics Descriptive Statisticsto getgraphicaldescriptve statisticsof the
threesamplesn C21,C22andC23. Describehow well eachhistogranmfollows the overlaid normalcurve.

& Question#8: Describethe evidencethat this exercise givesfor the CLT, for the magazinedata.
What happens,asthe samplesizechangesrom 1 to 5to 20 magazinereadersper survey?



& Question#9: Usethe value of Mean for u+ and StDev for o in the graphical summary of
C23 (samplesof size 20) together with the Normal approximation to answer the following question:
How likely are youto find thatthe avelage numberof magazinegeadin a yearlysubscriptiorby a random
sampleof 20 magazinesubscribes is lessthanor equalto 5?

P[X<5 = P

~
~

Tofill in thelastbox, pull down the Calc menu,selectProbability Distrib utions andthenNormal. Click
on “Cumulative probability” nearthetop of the dialogbox thatappearsandclick on “Input constant’near
thebottomof thebox. Typein the Z-scoreyou calculatedn the secondine above. MINITAB will print out
the valuez thatyou typedin, andalsothe probability P[X < z]. Copy this probability into the lastbox
above.

Note: Again, we could have approximatedhis probability usingthe 68—95-99. fule together
with interpolation put letting MINITAB look uptheanswelik e thisis fasterandmoreaccurate
(if youare lucky enoughto havea computemwith MINITAB around!).

To quit MINITAB choosethe Quit commandn the File menu. Do not saveany changes. Deletefiles
andfolders that youmighthavecreated.Log out of the Mac if youhadto log in.



