Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #3
Inter preting the Standard Deviation and Exploring Transformations

Objectives:
1. Toreview stem-and-leaplotsandtheir interpretations.
2. To developanunderstandingf the standardieviation asa measuref spread.
3. Tolearnhow to transformskewed datasothatit looks morenearlynormally-distriluted
4. To learnto usethefile senerto readdatafiles.

Part I. Inter preting The Standard Deviation

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

After anexaminationteacheroftenreportassummarie®f the classperformancehe meanandthe
standarddeviation of the distribution of exam scores.You may have wonderedwhy. In this sectionwe
will suggesananswer Specifically we will seefor symmetricunimodaldistribution how themeanand
standarddeviation tell you practicallyeverythingyou wantto knowv aboutthe distribution. In addition,
we will review creatingstem-and-leaplotsandfinding numericalsummarymeasures.

Thefollowing arehypotheticakcoredor 25 studentavho took an examination.Assumetherearea
maximumof 100 pointson this exam.

Scores:80718570937862809471717874488677687079796461825876

Question#1 Make a stem-and-leaplot of thesedata.You shouldordertheleaves.



&Question#2 Describethe featuresof the distrib ution of examscores

Question#3 Findthemedian,Q1, @3, andthe IQ R for this distribution. Shav your work.

THE 68-95-99.7 RULE

Thereis arule called The 68-95-99.7Rule, alsoknown as The Empirical Rule and The Standad
Deviation Rule Therule stateshatthat: “In any bell-shapedlistribution with mean,z, andstandard
deviation, s, approximately:

o 68%of theobsenrationsfall in theintenal betweerthevaluesz — s andz + s;
¢ 95%o0f theobserationsfall in theintenal betweerthevaluesz — (2 - s) andz + (2 - s); and

¢ 99.7%o0f theobserationsfall in theinteral betweerthevaluesz — (3 - s) andz + (3 - s).”

For the distribution of exam scoresthe meanis z = 74.2 andthe standardja[iation iss = 10.6.
Forthefollowing calculationsyou canusethe Calculator whichcanbefoundin theC3menu,if youwant.

Question#4 Find thevaluesz — s andz + s. Usingyour stem-and-leaplot in questior#1, how mary
obsenrationsfall betweerthesetwo valuesVhatpercenof thedistribution is this?

Question#5 Findthevaluesz — (2 - s) andz + (2 - s). How mary obserationsfall betweerthesetwo
valuesWhatpercenbof thedistribution is this?

Question#6 Find thevaluesz — (3 - s) andz + (3 - s). How mary obserationsfall betweerthesetwo
valuesWhatpercenof thedistribution is this?



Question#7 DoesThe68-95-99. Ruleseento be approximatelycorrectfor thesedata?Explain.

The 68-95-99.#ule enableaus to usethe meanand standarddeviation to make relatively simple
calculationsabouta distribution. For example,

& Question#8. Sincethe distrib ution of examscoresis bell-shaped,usethe standard deviation rule
to find the proportion of examscoresbelow 64. (Hint: Draw a unimodal, symmetric histogram for
this distrib ution and shov where z — s and z + s are located.) From your stem-and-leafplot, how
many obsewations are actually below 647?

Part Il. Transformations of Data

Getting Started

COPYING FILES

1.

2.

3.

4.

5.

6.
7.

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

In the following order: From the (3 menuin the upperleft handcornerof the titlebar choose
Chooser In the dialog box that appearslick AppleShare. In the bottomleft box called“Ap-

pleTalk Zones’selectBH. In thetop right box whereit says‘Selectafile sener” selectHSSHE-

LIOS. Click Ok.

In the dialog box thatappeardogin using“36201" asyour Nameand“36201" asyour passverd.

Click Ok. In thedialogbox thatappeargputachecknext to “Class’ Click Ok.

A “Class”icon will appearto theright. Doubleclick ontheicon. Thendoubleclick on 36201.
Youwill seemary filesin afolder.

Copy all of thefilesthatyouwill needto the Studentfolder. Do this by draggingthefilesinto the
Studenfolder. For today thedatafile youwill needis population.dat

Closeall windows.

IMPORTANT: Dragthe classicon into the trash. This is necessaryo let othersin the lab get
accesgo thedata.

To startMinitab;:

1.
2.
3.

4,

Double-clidk the“ClusterHD” icon.
Double-clik the Applicationsicon.
Double-clik the Minitab 10.5folder.

Double-clik Minitab 10.5.



| city DENSITY |

Berkeley, CA 9480
Aurora,CO 7652
Stamford CT 2689
Atlanta, GA 3244
Warren,Ml 4684
Springfield MO 2051
AlbuquerqueNM 3481
Buffalo,NY 8561
Winston-SalemNC 2173
PhiladelphiaPA 12413
Irving, TX 1634
Lubbock,TX 1920
Pasadenal X 2962
Arlington, TX 5894
Chesapeak VA 637
Takoma,WA 3323

Tablel: Populationdensitiegpeoplepersquareamile) for 16 cities(Source:US Census1980).

Transformations of Data

Table1 givesthe populationdensitiegpeoplepersquaremile) asreportedin the 1980U.S. Census
for 16 citiesin the U.S. If you have alreadycopiedthe datafrom the H&SS File Sewer you may now
importit into columnC210 of Minitab, usingthe directionsbelav. Otherwise justtypeit into column
ClO0directly from Tablel, sinceit is sucha shortdataset.

1. In Minitab, pull down the File menu,andselectimport Text underthe Other Files option. You
mustidentify the columnsinto whichthe dataareto beread,by double-clickingon columnnames
ontheleft, or by typing columnnamesn atthetop. Thereis justonecolumn,sotype C10. Then
click onOK.

2. A new dialog box will appeamwith the headingMinitab followed by a list of files. Changethe
folderfrom Minitab to Desktop. A new setof folders,aswell asthefile popul at i on. dat that
you copiedfrom the H&SS sener at the beginning of thelab, will appear

3. Selectthefile popul at i on. dat andclick on Opento importthedatainto 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 appeain the Minitab spreadsheet.

Statisticiansften transformdatato try to changethe shapeof a distribution. Specifically whena
distribution is skewedwe mighttry atransformatiorio make the shapeof thedistribution moresymmet-
ric. Recall,for example,thatthe 68%,95%,99.7%r ule appliesto a symmetric,unimodaldistribution,
but notto a skeweddistribution. In this partof thelab, youwill look at sometransformation®f datato
try to getafeelingfor the effect differenttransformationsiave on shape.
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To begin with, sortcolumnCZ10andstorethesorteddatain C1 (Sort is underthe Manip menu.Type
C10in the“Sort Column”block, type C1 for the“Store SortedColumnsin” block, andfinally typeC10
againin thefirst “Sort by Column”block. Thenof courseclick Ok).

Use Stat, Basic Statistics Descriptive Statisticsto find basicdescriptie statisticsfor columnCL1.
EnterClin the “Variable”block, and todayselect‘Gr aphical Form” insteadof “T abular Form” near
the bottomof the dialog box. Click Ok andwait for a window summarizinghe populationdatato pop
up.

Question#9. Fill outthetableof descriptve statisticsdbelav from theinformationin the“Descriptive
Statistics"window for C1. (Youwill haveto dothecalculationgndicatedbelow.)

Measuesof Locationor Center Measuesof Variability or Spead
Mean= StDey (SD)=
Min=
Ql=
Median= IQR = Q3-Q1=
Q3=
Max= Range= Max—Min=

Questions#10. In the“Descriptive Statistics”window, Minitab hasplottedboth a histogramanda
boxplot. Copy theboxplotfrom the “Descriptive Statistics"window into the spacebelow.



& Question#11. Basedon the histogram and the boxplot, describethe distrib ution of popu-
lations per square mile, using asmany words lik e “unimodal”, “bimodal”, “symmetric”, “skewed
left”, “skewedright”, “outliers” asyou canin your description. (Don’t forgetto mention whether
or not there are outliers!).

Question#12. Noticethat Minitab hasalsooverlaida normalcurve on the histogram.Doesit look
like the histogramfollows the normalcurve well? Explainwhy or why not.

Question#13. In the spacebelow, give evidencefor or againstusingthethe 68%,95%,99.7%rule
with thesedata,usingthe evidenceMinitab hasgivenyou.

Now let’s investigateseveral transformationf the datato seeif we can make it more normal.
Generally whenthe dataare skewed to the right, one might considera power transformationof the
formy = zP with p < 1. Typethefollowing in the Sessiorwindow (or usethe Calc, Mathematical
Expressions..menusf you prefer):

o LET C2=C1*(.667)
e LET C3=C1**(.500)
o LET C4=C1*(.333)
e LET C5=LOGE(C1)

C2, C3, C4 andCS5 containtransformation®f the datausingsuccessiely smallerpowers : z2/3, z1/2,
z'/% andlog, (x).

! Notice that eachtranformationis a power, z?, for p between0 and 1. The lasttransformationjog, (z), correspondso
(z? — 1)/p asp getcloserandcloserto 0.



& Question#14. Produceseparateboxplotsfor C1, C2,C3, C4 and C5 and put rough sketches
into the spacebelowv. Commenton what is happeningto the shapeof the distrib ution asthe power
p in the transformation z? getssmaller and smaller. Which column—C1, C2, C3, C4, or C5—
producesthe mostnearly-symmetric boxplot?

You mayhaveto selectWindow, Closeall graphs to freeup enoughmemaoryfor the next part of
thisdataanalysis.

For the columnyou choseasbestin Questionl4, make graphicaldescriptve statisticsasyou did in
Questior#9. Thenanswerthefollowing questions.
Question#15. Basedon the histogramandthe boxplot, describethe distribution of populationsper

squaremile, usingas mary wordslike “unimodal”, “bimodal”, “symmetric”, “skewed left”, “skewed
right”, “outliers” asyou canin your description.

Question#16. NoticethatMinitab hasagainoverlaida normalcurve onthe histogram.Doesit look
like the histogramfollows the normalcurve well? Explainwhy or why not.

SUMMARY

Generalljthepowertransformationareusedo make positively skeweddatamoresymmetric.These
transformationsake therelatively large valuesin the positive tail of a distribution andmake themrela-
tively smaller However, if the original datahasa skewed left tail too, power transformatiorwill worsen
this skewness With mild positive skewnessapower of .5 or moreshouldsufice,andalower pover may
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skew theleft tail. For moreseverelyright-skewed data,asmallerpowerwill beneededall theway dowvn
to the logarithmtransformation.Using the computer one canoftenfind a good power transformation
thatwill balancebothtails andmake theresultingdistribution muchcloserto normal.

To quit Minitab, fromthe File menu chooseQuit. Do notsaveanyfiles. Remembeto deleteanyfiles
andfolders thatyoumighthavecreated.
Turnin your cover sheet.



