
Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #4

Scatterplots and Regression

Objectives:

1. To learnhow to interpretscatterplots.Specificallyyou will investigate,usinga graphicaldisplay,
thedirectionandthestrengthof therelationshipbetweentwo quantitative variables.

2. To developskills in describingtherelationshipbetweentwo quantitative variables.

3. To usecaseidentificationto helpinterpretscatterplots.

Getting Started

COPYING FILES

1. OpentheStudent folder. To dothis,doubleclick onthe“ClusterHD” icon. Thendoubleclick the
“documents”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 thatappearshighlight “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, thedatafilesyouneedarememory.mtwandlab4.mtw.

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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Part I. Intr oduction to Scatterplots

In this sectionyou will learnaboutscatterplots, a graphicaldisplayfor examiningtherelationship
betweentwo quantitative variables.

Statistical Background

Whenwe areinterestedin therelationshipbetweentwo variables,anobservation consistsof a pair
of measurements.For example,we maybeinterestedin therelationshipbetweenSAT scoreandFresh-
manQPA. An observation for eachsubjectwould consistof thatsubject’s SAT scoreandthatsubject’s
FreshmanQPA. A scatterplot is a graphicaldisplay that shows the directionand the strengthof the
relationshipbetweentwo quantitative variables.

Example: Memory Experiment

To discover how rapidly peopleforget, a psychologistslowly readlists of 20 wordsto five people
andasked themlater to recognizethe wordswhenmixed with 20 otherwords. A scorewasassigned
to indicatetheaveragepercentof wordscorrectlyrecognized.Thetime interval beforethesubjectwas
askedto recognizea list of wordswasvariedfrom 1 minuteto 1 week.

Question#1As time increasedwhatdoyou think happenedto theaveragescore?

You will now readthe memory.mtw datafile into Minitab. This file hasbeensaved in a special
Minitab format.
� FromtheFile menu,chooseOpenWorksheet.

� Click theDesktopbuttonontheright sideof thedialogbox. Select“ClusterHD.” Click Open. Select
the“Student”folder. Click Open.

� Selectthefile called“memory.mtw” andthenclick Open.

In theWorksheetwindow, thefirst variable,SCORE, is theaveragepercentof wordscorrectlyrec-
ognized,andTIME, the secondvariable,indicatesthe amountof time elapsedsincethe subjectswere
introducedto thelist of words.An observationconsistsof thepairof variables,theSCORE obtainedat a
givenTIME. In thisexampleSCORE is calledtheresponseor Y variableandTIME is theexplanatory or
X variablebecausewewish to seetheeffect of timeonscore.

To createa scatterplotof SCORE versusTIME, go to theGraph menu,choosePlot. Make surethe
cell in thefirst row underthecolumnlabeledY is highlighted.Type SCORE andpresstheRight arrow
key on thekeyboard(or just double-clickon SCORE in thelist of variablenameson theleft). Make sure
thecell in thefirst row underthecolumnlabeledX is now highlighted.Typeor doubleclick on TIME.
Click OK . A scatterplot will appear. It will helpto make thescatterplotwindow largersothatyou can
seetheplot better.

Question#2FindthepointonthescatterplotthathasthevalueTIME approximatelyequalto 6000.What
is thevalueof SCORE?

�
Question#3 i) Basedon the scatterplot how would you describethe relationshipbetweenSCORE
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and TIME. Specifically, how doesSCORE changeasTIME increases?Would you saythe relationship
betweenaverage SCORE and TIME is an increasingrelationship, decreasingrelationship, or that
there is no relationship? ii) Would you saythe relationship betweenaverageSCORE and TIME was
linear (i.e. the data fall approximately on a line) or nonlinear (i.e. the data fall approximately on a
curve)?

CORRELATION COEFFICIENT

A correlation coefficient is a numericalsummaryindicating the directionand the strengthof the
linear relationshipbetweentwo quantitative variables.The correlationcoefficient, denotedby � , takes
valuesbetween–1and1.

� A valueof � greaterthan0 indicatesapositiveassociationbetweenthetwo variables;

� A valueof � lessthan0 indicatesanegativeassociationbetweenthetwo variables;

� A valueof � closeto 0 indicatesnoneor verylittle linear associationbetweenthetwo variables.

� A valueof � closeto 1 or –1 indicatesastronglinear association.

To find the correlationcoefficient to summarizenumericallythe relationshipbetweenSCORE and
TIME, go to the Stat menu,and from the Basic Statistics sub-menu,chooseCorrelation. Click the
box under“Variables”andtypeSCORE TIME (or doubleclick on thenamesSCORE andTIME in thelist
of variablenames).Click OK . The correlationcoefficient for the two variablesappearsin theSession
window.

Question#4Whatis thevalueof thecorrelationcoefficientbetweenSCORE andTIME?

Question#5Doesthesignof thecorrelationcoefficient(i.e.,negativeor positive)agreewith youranswer
to question#3? Is the valueof the correlationcoefficient closerto –1 or to 0? Doesthis correlation
coefficient indicatea strong,mild, or weakrelationshipbetweenSCORE andTIME? Is the relationship
really linear?

You have now finishedthis section.FromtheFile menu,chooseRestart Minitab . It will askyou
if you want to save changesto the Sessionwindow. AnswerNo. You shouldseeblank Sessionand
Worksheetwindows.
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Part II: Scatterplots and Regression

To illustrateamoredetailedanalysisof therelationshipbetweentwo variablesusingscatterplots,we
will look atheightandweightdatafor 36maleandfemalestudentsenrolledin astatisticsclass.

� FromtheFile menu,chooseOpenWorksheet.

� Click theDesktopbuttonontheright sideof thedialogbox. Select“ClusterHD.” Click Open. Select
the“Student”folder. Click Open.

� Selectthefile called“lab4.mtw” andthenclick Open.

The first variable,GENDER takes the values0 � male, and 1 � female. The secondvariableis
HEIGHT in inchesandthethird variableis WEIGHT in pounds.

We are interestedin studyingthe relationshipbetweenweight and height for thesestudentsand,
specifically, would like to know whetherthis relationshipis differentfor malestudentsthanfor female
students.

Question #6 Statewhat type of variable(quantitative or qualitative) eachof the variablesGENDER,
HEIGHT, andWEIGHT are.Find thefirst malein thedatasetandwrite down hisheightandweight.

Make a boxplotfor WEIGHT. Make a separateboxplotfor HEIGHT. Doestheboxplotfor heighttell
you anything aboutthe distribution of weight? The answeris no. Thereis nothingin the boxplot of
heightthatdirectly relatestheheightof apersonto thatperson’s weightor viceversa.

Question #7 i) Looking at the boxplot for weight, do you think that the meanof this distribution is
greaterthan,lessthan,or equalto themedian?Why? ii) Lookingat theboxplotfor height,doyou think
thatthemeanof thisdistribution is greaterthan,lessthan,or equalto themedian?Why?

Closetheboxplotwindows. We now want to studytherelationshipbetweenHEIGHT andWEIGHT

usingthescatterplot,agraphicaldisplaythatdoestell yousomethingabouttherelationshipbetweentwo
variables.Whenwesaythattwo variablesarerelatedto eachother, wemeanthatif weknow something
aboutthevalueof oneof thevariablesthatwill tell ussomethingaboutthevalueof theothervariable.
For example,in thefirst partof this lab,we lookedat datafrom thememorystudy. If you knew thatthe
valueof time (the explanatoryvariable)waslarge thenyou knew that the valueof score (the response
variable)wassmall. This fact wasreflectedin the scatterplotby a very cleardecreasingrelationship
betweenscore andtime. Also it wasreflectedin a correlationcoefficient that wascloseto ��� . Recall
thattheresponsevariableis usuallydenotedby � andtheexplanatoryvariableis denotedby � .
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Exploratory scatterplot.
Question#8 For theseheightandweightdata,supposewe wish to useheightto predictweight. Which
is theresponse?Which is theexplanatoryvariable?

Recall,to make a scatterplotof WEIGHT (Y-variable)versusHEIGHT (X-variable),from theGraph
menu,choosePlot. TypeWEIGHT in thecell in thefirst underthecolumnlabeledY andpresstheRight
arrow key, or just doubleclick on WEIGHT. Make surethecell in thefirst row underthecolumnlabeled
X is highlighted.Type(or doubleclick on) HEIGHT andclick OK .

�
Question#9 i) Describethe relationship betweenweight and height. Is the relationship increas-

ing, decreasingor is thereno relationship? Is it linear or nonlinear? This relationship is called the
trend.

ii) Ar e there any points that are outliers, i.e.,points that do not seemto follow the trend?

iii) As height increasescommenton what happensto the spreadof the weight variable?

Exploratory regression.
To getabetterunderstandingof thetrend,wecanuse“exploratoryregression”or “smoothing.” Todo

this, imaginedividing theX-axis into intervals. Thenform side-by-sideboxplotsandjoin themedians.
This is calleda “mediantraceplot.” Minitab canmake a plot similar to a mediantraceplot, calleda
“Lowessplot;” actually, it will displaythefinal traceplot withoutdrawing theboxplots.

FromtheGraph menu,choosePlot. Youshouldstill haveWEIGHT astheY-variableandHEIGHT
astheX-variable.UnderData Display, in thecolumnmarked“Display”, highlight thesecondcell (the
blank cell below “Symbol”). From the pop-up(arrow) menunext to Display, chooseLowess. Now
highlight thesecondcell in thecolumnmarked“For each”.Fromthepop-up(arrow) menunext to For
Each, chooseGraph. Click Ok.
�

Question#10Describethe lowessplot. Is there an increasingor decreasingrelationship? Is the
relationship linear or nonlinear?

Linear regression.
The“regressionline” is theline thatbestfits thedata.WecanalsogetMinitab to plot theregression

line. Selectthe Stat menu,thenselectRegressionfollowed by Fitted Line Plot. In the box next to
Response(Y) type (or doubleclick on) WEIGHT. In the box next to Predictor (X) type (or double
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click on) HEIGHT. Click Ok.

Question#11Doestheregressionline fit thedatawell? How doesit compareto thelowessplot?

We canalsogetMinitab to give us theequationfor theregressionline. SelecttheStat menu,then
selectRegressionfollowedby Regression. In thebox next to Response(Y) type(or doubleclick on)
WEIGHT. In the box next to Predictor (X) type (or doubleclick on) HEIGHT. Click Ok. Lots of
informationwill appearin theSessionwindow. Somewhereit will say“The regressionequationis ...”

�
Question#12. Write down the regressionequation. Supposeyou have a friend who is 65 inches

tall. Usethe regressionequation to predict her weight.

Question#13What is thevalueof thecorrelationcoefficient betweenWEIGHT andHEIGHT? (Recall
you canfind thecorrelationcoefficient by choosingfrom theStat menu,BasicStatistics, andclick-on
Correlation in the sub-menu.Drag over the heightandweight variablesin the list box andclick-on
Select. Thenclick OK .

Question #14 Doesthe sign of the correlationcoefficient (i.e., negative or positive) agreewith your
answerto question#9?Is thevalueof thecorrelationcoefficientcloserto 1 or to 0?Doesthiscorrelation
coefficient indicateastrong,mild, or weakrelationshipbetweenWEIGHT andHEIGHT?

CaseIdentification

Wenow wantto indicatein thescatterplotwhichobservationsaremalesandwhicharefemales,i.e.,
wewantto includea third variablein thescatterplotin orderto seehow therelationshipbetweenweight
andheightmight bedifferentby sex. In otherwordswe wantto identify casesthataremalesandcases
that are females. From the Graph menu,choosePlot. This shouldbring up the Dialog Box for the
scatterplotthatyoupreviouslycreated.

� Click on thefirst cell in thecolumnlabelled“For each”,thenfrom thepop-up(arrow) menunext
to “For Each”,chooseGroup. Do thesamething for thesecondcell in the“For each”column.

� Click on thefirst cell in the“GroupVariables”column.Typeor doubleclick on GENDER. Do the
samething for thesecondcell in the“Groupvariables”column.

Click OK . You shouldnow seetwo typesof symbolson the scatterplot,one for malesand one for
females.

Question#15Describethegenerallocationin thescatterplotwherethefemalesfall andwherethemales
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fall with respectto heightandweight.Describewhy you think this is so.

�
Question#16Describethe relationship betweenHEIGHT and WEIGHT in the scatterplot, taking

genderinto account.Specifically, doesit look lik e the weight of femalesincreaseswith an increase
in height as quickly as the weight of malesincreaseswith a correspondingincreasingchangein
height?

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