
Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #3

Inter preting the Standard Deviation and Exploring Transformations

Objectives:

1. To review stem-and-leafplotsandtheir interpretations.

2. To developanunderstandingof thestandarddeviationasameasureof spread.

3. To learnhow to transformskeweddatasothatit looksmorenearlynormally-distributed.

4. To learnto usethefile server to readdatafiles.

Part I. Interpreting The Standard Deviation

* * * Do Not UseMinitab to Answer TheseQuestions* * *

Background

After anexaminationteachersoftenreportassummariesof theclassperformancethemeanandthe
standarddeviation of thedistribution of examscores.You mayhave wonderedwhy. In this sectionwe
will suggestananswer. Specifically, wewill seefor symmetric,unimodaldistribution how themeanand
standarddeviation tell you practicallyeverythingyou want to know aboutthedistribution. In addition,
wewill review creatingstem-and-leafplotsandfindingnumericalsummarymeasures.

Thefollowing arehypotheticalscoresfor 25 studentswho tookanexamination.Assumetherearea
maximumof 100pointson thisexam.

Scores:80718570937862809471717874488677687079796461825876

Question#1Make astem-and-leafplot of thesedata.Youshouldordertheleaves.
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Question#2Describethe featuresof the distribution of examscores.

Question#3Find themedian,��� , ��� , andthe ����� for thisdistribution. Show yourwork.

THE 68–95–99.7 RULE

Thereis a rule calledThe68-95-99.7Rule , alsoknown asTheEmpirical RuleandTheStandard
Deviation Rule. The rule statesthat that: “In any bell-shapeddistribution with mean, 	
 , andstandard
deviation, � , approximately:

� 68%of theobservationsfall in theinterval betweenthevalues 	
�
 � and 	
�� � ;
� 95%of theobservationsfall in theinterval betweenthevalues 	
�
������ ��� and 	
�������� � ); and

� 99.7%of theobservationsfall in theinterval betweenthevalues 	
�
������ ��� and 	
�������� ��� .”

For the distribution of examscores,themeanis 	
�� �"!$#%� andthestandarddeviation is � �'&)(*#%+ .
For thefollowing calculationsyoucanusetheCalculator whichcanbefoundin the menu,if youwant.

Question#4 Find thevalues 	
,
 � and 	
�� � . Usingyourstem-and-leafplot in question#1,how many
observationsfall betweenthesetwo values?Whatpercentof thedistribution is this?

Question#5Find thevalues 	
�
������ ��� and 	
�������� � ). How many observationsfall betweenthesetwo
values?Whatpercentof thedistribution is this?

Question#6Find thevalues 	
,
������ ��� and 	
�������� ��� . How many observationsfall betweenthesetwo
values?Whatpercentof thedistribution is this?
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Question#7DoesThe68–95–99.7Ruleseemto beapproximatelycorrectfor thesedata?Explain.

The 68–95–99.7rule enablesus to usethe meanandstandarddeviation to make relatively simple
calculationsaboutadistribution. For example,

�
Question#8. Sincethe distribution of examscoresis bell-shaped,usethe standard deviation rule

to find the proportion of examscoresbelow 64. (Hint: Draw a unimodal, symmetric histogram for
this distribution and show where 	
�
 � and 	
-� � are located.)From your stem-and-leafplot, how
many observations are actually below 64?

Part II. Transformations of Data

Getting Started

COPYING FILES

1. OpentheStudent folder. To dothis,doubleclick onthe“ClusterHD” icon. Thendoubleclick the
“student”folder. Youwill eventuallymove thedatainto this folder.

2. In the following order: From the menuin the upperleft handcornerof the titlebar, choose
Chooser. In the dialog box that appearsclick AppleShare. In the bottomleft box called“Ap-
pleTalk Zones”selectBH. In thetop right box whereit says“Selecta file server” selectHSSHE-
LIOS . Click Ok.

3. In thedialogbox thatappearslogin using“36201” asyour Nameand“36201” asyour password.
Click Ok. In thedialogbox thatappearsputachecknext to “Class.” Click Ok.

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

5. Copy all of thefiles thatyouwill needto theStudent folder. Do thisby draggingthefiles into the
Studentfolder. For today, thedatafile youwill needis population.dat.

6. Closeall windows.
7. IMPORTANT: Drag the classicon into the trash. This is necessaryto let othersin the lab get

accessto thedata.

To startMinitab:

1. Double-click the“ClusterHD” icon.

2. Double-click theApplicationsicon.

3. Double-click theMinitab 10.5folder.

4. Double-click Minitab 10.5.
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CITY DENSITY

Berkeley, CA 9480

Aurora,CO 7652

Stamford,CT 2689

Atlanta,GA 3244

Warren,MI 4684

Springfield,MO 2051

Albuquerque,NM 3481

Buffalo,NY 8561

Winston-Salem,NC 2173

Philadelphia,PA 12413

Irving, TX 1634

Lubbock,TX 1920

Pasadena,TX 2962

Arlington, TX 5894

Chesapeake,VA 637

Takoma,WA 3323

Table1: Populationdensities(peoplepersquaremile) for 16cities(Source:USCensus,1980).

Transformations of Data

Table1 givesthepopulationdensities(peoplepersquaremile) asreportedin the1980U.S.Census
for 16 cities in theU.S. If you have alreadycopiedthedatafrom theH&SS File Server you maynow
import it into columnC10of Minitab, usingthedirectionsbelow. Otherwise,just type it into column
C10directly from Table1, sinceit is suchashortdataset.

1. In Minitab, pull down theFile menu,andselectImport Text undertheOther Files option. You
mustidentify thecolumnsinto whichthedataareto beread,by double-clickingoncolumnnames
on theleft, or by typingcolumnnamesin at thetop. Thereis just onecolumn,sotypeC10.Then
click onOK .

2. A new dialog box will appearwith the headingMinitab followed by a list of files. Changethe
folder from Minitab to Desktop. A new setof folders,aswell asthefile population.dat that
youcopiedfrom theH&SSserver at thebeginningof thelab,will appear.

3. Selectthefile population.dat andclick on Open to import thedatainto Minitab. (You may
have to tell the Mac to openthe file in “Minitab 10.5 Xtra Power” at this point.) After a brief
period,thedatawill appearin theMinitab spreadsheet.

Statisticiansoften transformdatato try to changethe shapeof a distribution. Specifically, whena
distribution is skewedwemight try atransformationto make theshapeof thedistribution moresymmet-
ric. Recall,for example,that the68%,95%,99.7%rule appliesto a symmetric,unimodaldistribution,
but not to a skeweddistribution. In this partof thelab,you will look at sometransformationsof datato
try to geta feelingfor theeffectdifferenttransformationshave onshape.
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To begin with, sortcolumnC10andstorethesorteddatain C1(Sort is undertheManip menu.Type
C10in the“Sort Column”block,typeC1 for the“StoreSortedColumnsin” block,andfinally typeC10
againin thefirst “Sort by Column”block. Thenof courseclick Ok).

UseStat, BasicStatistics, Descriptive Statistics to find basicdescriptive statisticsfor columnC1.
EnterC1 in the“Variable”block, andtodayselect“Gr aphicalForm” insteadof “Tabular Form” near
thebottomof thedialog box. Click Ok andwait for a window summarizingthepopulationdatato pop
up.

Question#9. Fill outthetableof descriptivestatisticsbelow from theinformationin the“Descriptive
Statistics”window for C1. (Youwill have to do thecalculationsindicatedbelow.)

Measuresof Locationor Center Measuresof Variability or Spread

Mean� StDev (SD)�
Min �
Q1�

Median� IQR � Q3
 Q1�
Q3�

Max� Range� Max 
 Min �

Questions#10. In the“Descriptive Statistics”window, Minitab hasplottedbotha histogramanda
boxplot.Copy theboxplotfrom the“Descriptive Statistics”window into thespacebelow.

5



�
Question #11. Basedon the histogram and the boxplot, describethe distribution of popu-

lations per square mile, using asmany words lik e “unimodal”, “bimodal”, “symmetric”, “skewed
left”, “skewedright”, “outliers” asyou can in your description. (Don’t forget to mention whether
or not there are outliers!).

Question#12. NoticethatMinitab hasalsooverlaida normalcurve on thehistogram.Doesit look
like thehistogramfollows thenormalcurve well? Explainwhy or why not.

Question#13. In thespacebelow, give evidencefor or againstusingthethe68%,95%,99.7%rule
with thesedata,usingtheevidenceMinitab hasgivenyou.

Now let’s investigateseveral transformationsof the datato seeif we can make it more normal.
Generally, when the dataare skewed to the right, one might considera power transformationof the
form . �/
�0 with 132 & . Typethe following in theSessionwindow (or usetheCalc, Mathematical
Expressions...menusif youprefer):

� LET C2= C1**(.667)

� LET C3= C1**(.500)

� LET C4= C1**(.333)

� LET C5= LOGE(C1)

C2, C3, C4 andC5 containtransformationsof thedatausingsuccessively smallerpowers� : 
5476 � , 
 � 684 ,
 � 6 � and 9;:=<?> �@
 � .
A
Notice that eachtranformationis a power, B"C , for D between0 and1. The last transformation,E%FHGJILK;BNM , correspondstoK;B CPO�Q M�RSD asD getcloserandcloserto 0.
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Question#14.Produceseparateboxplots for C1, C2, C3, C4 and C5 and put rough sketches

into the spacebelow. Commenton what is happeningto the shapeof the distribution asthe power
1 in the transformation 
 0 getssmaller and smaller. Which column—C1, C2, C3, C4, or C5—
producesthe mostnearly-symmetric boxplot?

You mayhaveto selectWindow, Closeall graphs to freeup enoughmemoryfor thenext part of
thisdataanalysis.

For thecolumnyou choseasbestin Question14,make graphicaldescriptive statisticsasyou did in
Question#9. Thenanswerthefollowing questions.

Question#15. Basedon thehistogramandtheboxplot,describethedistribution of populationsper
squaremile, usingasmany wordslike “unimodal”, “bimodal”, “symmetric”, “skewed left”, “skewed
right”, “outliers” asyoucanin yourdescription.

Question#16.NoticethatMinitab hasagainoverlaidanormalcurve on thehistogram.Doesit look
like thehistogramfollows thenormalcurve well? Explainwhy or why not.

SUMMARY
Generallythepowertransformationsareusedto makepositively skeweddatamoresymmetric.These

transformationstake therelatively largevaluesin thepositive tail of a distribution andmake themrela-
tively smaller. However, if theoriginaldatahasaskewedleft tail too,power transformationwill worsen
thisskewness.With mild positiveskewness,apowerof .5or moreshouldsuffice,andalowerpowermay
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skew theleft tail. For moreseverelyright-skeweddata,asmallerpowerwill beneeded,all thewaydown
to the logarithmtransformation.Using the computer, onecanoften find a goodpower transformation
thatwill balancebothtailsandmake theresultingdistribution muchcloserto normal.

To quit Minitab, fromtheFile menu,chooseQuit . Do notsaveanyfiles.Rememberto deleteanyfiles
andfolders thatyoumighthavecreated.

Turn in yourcover sheet.
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