Your Name:

Section:

36-201INTRODUCTION TO STATISTICAL REASONING
Computer Lab #4
Scatterplots and Regression

Objectives:

1.

2.
3.

To learnhow to interpretscatterplots Specificallyyou will investigateusinga graphicaldisplay
thedirectionandthe strengthof therelationshipbetweertwo quantitatve variables.

To developskills in describingherelationshipbetweertwo quantitatve variables.

To usecasedentificationto helpinterpretscatterplots.

Getting Started

COPYING FILES

1.

2.

o

Openthe Studentfolder. To dothis,doubleclick onthe“ClusterHD” icon. Thendoubleclick the
“documents’folder. Youwill eventuallymove the datainto this folder.

In the following order: Fromthe C3 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 dialogbox thatappeardogin using“36201” asyour Nameand“36201” asyour passvord.

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

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

Youwill seemary filesin afolder.

. Copy all of thefilesthatyou will needto the Studentfolder. Do this by draggingthefilesinto the

Studenfolder. Fortoday the datafiles you needarememorymtwandlab4.mtw

. Closeall windows.
. IMPORTANT: Dragthe classicon into the trash. This is necessaryo let othersin the lab get

accesdo 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.



Part I. Intr oduction to Scattemplots

In this sectionyou will learnaboutscatterplots, a graphicaldisplayfor examiningthe relationship
betweenwo quantitatve variables.

Statistical Background

Whenwe areinterestedn the relationshipbetweenwo variables an obseration consistsof a pair
of measurementd-or example,we maybeinterestedn therelationshipbetweenSAT scoreandFresh-
manQPA. An obsenration for eachsubjectwould consistof thatsubjects SAT scoreandthatsubjects
FreshmarQPA. A scattemplot is a graphicaldisplay that shavs the direction and the strengthof the
relationshipbetweertwo quantitatve variables.

Example: Memory Experiment

To discover how rapidly peopleforget, a psychologistslownly readlists of 20 wordsto five people
and asled themlater to recognizethe wordswhenmixed with 20 otherwords. A scorewasassigned
to indicatethe averagepercentof wordscorrectlyrecognized.The time intenal beforethe subjectwas
asledto recognizealist of wordswasvariedfrom 1 minuteto 1 week.

Question#1 As time increasedvhatdo you think happenedo the averagescore?

You will now readthe memorymtw datafile into Minitab. This file hasbeensaved in a special
Minitab format.

e FromtheFile menu,chooseOpenWorksheet

e Click the Desktopbuttonontheright sideof thedialogbox. Select‘ClusterHD.” Click Open. Select
the“Student”folder. Click Open.

e Selectthefile called“memorymtw” andthenclick Open.

In the Worksheetwindow, thefirst variable, SCORE, is the averagepercentof wordscorrectlyrec-
ognized,and TIME, the secondvariable,indicatesthe amountof time elapsedsincethe subjectswere
introducedo thelist of words. An obsenation consistf the pair of variablesthe SCORE obtainedata
givenTIME. In thisexamplescoRE is calledtheresponseor Y variableandTIME is theexplanatory or
X variablebecauseve wish to seetheeffect of time onscore.

To createa scatterplotof SCORE versusTIME, go to the Graph menu,choosePlot. Make surethe
cellin thefirst row underthe columnlabeledy is highlighted. Type scorRE andpressthe Right arrov
key onthekeyboard(or just double-clickon SCORE in thelist of variablenamesontheleft). Make sure
the cell in thefirst row underthe columnlabeledX is now highlighted. Type or doubleclick on TIME.
Click OK. A scattermlot will appearlt will helpto make the scatterplowindow larger sothatyou can
seetheplot better

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

& Question#3i) Basedon the scattetplot how would you describethe relationship betweenscore
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and TIME. Specifically how doesscoRE changeasTIME increasesaVould you saythe relationship
betweenaverage SCORE and TIME is an increasingrelationship, decreasingrelationship, or that
thereis norelationship?ii) Would you saythe relationship betweenaveragescore and TIME was
linear (i.e. the data fall approximately on aline) or nonlinear (i.e. the data fall approximately on a
curve)?

CORRELATION COEFFICIENT

A correlation coeficientis a numericalsummaryindicating the direction and the strengthof the
linear relationshipbetweentwo quantitatve variables. The correlationcoeficient, denotedby r, takes
valuesbetween-1and1.

¢ A valueof r greaterthanO indicatesa positiveassociatiorbetweerthetwo variables;

¢ A valueof r lessthanO indicatesa negativeassociatiorbetweerthetwo variables;

e A valueof r closeto O indicatesnoneor verylittle linear associatiorbetweerthetwo variables.

e A valueof r closeto 1 or —1indicatesa stronglinear association.

To find the correlationcoeficient to summarizenumericallythe relationshipbetweenscore and
TIME, go to the Stat menu,andfrom the Basic Statistics sub-menuchooseCorrelation. Click the
box under“Variables"andtype scorRE TIME (or doubleclick onthe namesscore andTIME in thelist
of variablenames).Click OK. The correlationcoeficient for the two variablesappearsn the Session
window.

Question#4 Whatis the valueof the correlationcoeficient betweenscore andTIME?

Question#5 Doesthesignof thecorrelationcoeficient(i.e., negative or positive) agreewith youranswer
to question#3? Is the value of the correlationcoeficient closerto —1 or to 0? Doesthis correlation
coeficient indicatea strong,mild, or weakrelationshipbetweenscore andTIME? Is the relationship
reallylinear?

You have now finishedthis section. Fromthe File menu,chooseRestart Minitab . It will askyou
if you wantto save changego the Sessiorwindowv. AnswerNo. You shouldseeblank Sessionand
Worksheetvindows.



Part II: Scattemplots and Regression

Toillustratea moredetailedanalysisof therelationshipbetweertwo variablesusingscatterplotsye
will look atheightandweightdatafor 36 maleandfemalestudentsnrolledin a statisticsclass.

e FromtheFile menu,chooseOpenWorksheet

o Click theDesktophbuttonontheright sideof thedialogbox. Select‘ClusterHD.” Click Open. Select
the“Student”folder. Click Open.

e Selectthefile called“lab4.mtw” andthenclick Open.

The first variable, GENDER takesthe valuesO = male,and 1 = female. The secondvariableis
HEIGHT in inchesandthethird variableis WEIGHT in pounds.

We areinterestedn studyingthe relationshipbetweenweight and height for thesestudentsand,
specifically would like to know whetherthis relationshipis differentfor malestudentghanfor female
students.

Question #6 Statewhat type of variable (quantitatve or qualitatve) eachof the variablesGENDER,
HEIGHT, andwWEIGHT are.Findthefirst malein the datasetandwrite down his heightandweight.

Make a boxplotfor WelGHT. Make a separatdoxplotfor HEIGHT. Doesthe boxplotfor heighttell
you arything aboutthe distribution of weight? The answeris no. Thereis nothingin the boxplot of
heightthatdirectly relatesthe heightof a persorto thatpersors weightor vice versa.

Question #7 i) Looking at the boxplot for weight, do you think that the meanof this distribution is
greaterthan,lessthan,or equalto themedianVhy?ii) Looking attheboxplotfor height,do you think
thatthe meanof this distribution is greateithan,lessthan,or equalto the medianVhy?

Closethe boxplotwindowvs. We now wantto studythe relationshipbetweerHEIGHT andWEIGHT
usingthescatterplotagraphicaldisplaythatdoestell you somethingabouttherelationshipgbetweertwo
variables Whenwe saythattwo variablesarerelatedto eachother we meanthatif we knowv something
aboutthe valueof oneof the variablesthatwill tell us somethingaboutthe valueof the othervariable.
For example,in thefirst partof thislab, we looked at datafrom the memorystudy If you knew thatthe
value of time (the explanatoryvariable)waslarge thenyou knew thatthe value of scoe (theresponse
variable)was small. This factwasreflectedin the scatterplotby a very clear decreasingelationship
betweenscoe andtime Also it wasreflectedin a correlationcoeficient thatwascloseto —1. Recall
thattherespons&ariableis usuallydenotedoy Y andtheexplanatoryvariableis denotecby X .



Exploratory scatterplot.
Question#8 For theseheightandweightdata,supposeve wish to useheightto predictweight. Which
is theresponse®hichis the explanatoryvariable?

Recall,to make a scatterplobf WeEIGHT (Y-variable)versusHEIGHT (X-variable),from the Graph
menu,choosePlot. TypeWEIGHT in thecellin thefirst underthecolumnlabeledY andpresshe Right
arrav key, or justdoubleclick on WeIGHT. Make surethecell in thefirst row underthe columnlabeled
X is highlighted.Type(or doubleclick on) HEIGHT andclick OK.

& Question#9i) Describethe relationship betweenweight and height. Is the relationshipincreas-
ing, decreasingor is there no relationship?Is it linear or nonlinear? This relationshipis called the
trend

ii) Arethereany pointsthat are outliers, i.e., points that do not seemto follow the trend?

iii) As heightincreasesommenton what happensto the spread of the weight variable?

Exploratory regression.

To getabetterunderstandingf thetrend,we canuse“exploratoryregression’or “smoothing’. Todo
this, imaginedividing the X-axis into intenals. Thenform side-by-sideboxplotsandjoin the medians.
This is calleda “mediantraceplot” Minitab canmalke a plot similar to a mediantraceplot, calleda
“Lowessplot;” actually it will displaythefinal traceplot withoutdraving the boxplots.

FromtheGraph menu,choosePlot. Youshouldstill have WEIGHT astheY-variableandHEIGHT
asthe X-variable.UnderData Display, in the columnmarked “Display”, highlightthe secondcell (the
blank cell belav “Symbol”). From the pop-up(arrov) menunext to Display, chooseLowess. Now
highlightthe secondcell in the columnmarked “For each”. Fromthe pop-up(arrav) menunext to For
Each, chooseGraph. Click Ok.

& Question#10Describethe lowessplot. Is there an increasingor decreasingrelationship? Is the
relationshiplinear or nonlinear?

Linearregression.

The“regressiorline” is theline thatbestfits the data.We canalsogetMinitab to plot theregression
line. Selectthe Stat menu,thenselectRegressionfollowed by Fitted Line Plot. In the box next to
ResponsgY) type (or doubleclick on) WEIGHT. In the box next to Predictor (X) type (or double




click on) HEIGHT. Click Ok.

Question#11Doestheregressiorine fit the datawell? How doesit compareo the lowessplot?

We canalsogetMinitab to give usthe equationfor the regressiorline. Selectthe Stat menu,then
selectRegressionfollowed by Regression In the box next to ResponsgY) type (or doubleclick on)
WEIGHT. In the box next to Predictor (X) type (or doubleclick on) HEIGHT. Click Ok. Lots of
informationwill appeain the Sessiorwindov. Somavhereit will say“The regressiorequationss ...

& Question#12. Write down the regressionequation. Supposeyou have a friend who is 65 inches
tall. Usethe regressionequationto predict her weight.

Question#13 Whatis the value of the correlationcoeficient betweenWeIGHT andHEIGHT? (Recall
you canfind the correlationcoeficient by choosingfrom the Stat menu,Basic Statistics andclick-on
Correlation in the sub-menu.Drag over the heightand weight variablesin the list box and click-on
Select Thenclick OK.

Question #14 Doesthe sign of the correlationcoeficient (i.e., negative or positve) agreewith your
answetto questior#9?1s thevalueof thecorrelationcoeficient closerto 1 or to 0? Doesthis correlation
coeficientindicatea strong,mild, or weakrelationshigbetweenWEIGHT andHEIGHT?

Caseldentification

We now wantto indicatein the scatterplotvhich obserationsaremalesandwhich arefemalesj.e.,
wewantto includeathird variablein the scatterploin orderto seehow therelationshipbetweernweight
andheightmight be differentby sex. In otherwordswe wantto identify caseghataremalesandcases
that are females. From the Graph menu,choosePlot. This shouldbring up the Dialog Box for the
scatterplothatyou previously created.

e Click onthefirst cell in the columnlabelled“For each”,thenfrom the pop-up(arrav) menunext
to “For Each”,chooseGroup. Do thesamething for thesecondcell in the“For each”column.

¢ Click onthefirst cellin the“Group Variables”column. Typeor doubleclick on GENDER. Do the
samething for thesecondcell in the“Group variables”column.

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

Question#15Describehegeneralocationin thescatterplotvherethefemaledall andwherethemales



fall with respecto heightandweight. Describewhy you think thisis so.

& Question#16 Describethe relationship betweenHEIGHT and WEIGHT in the scattemplot, taking
genderinto account. Specifically doesit look lik e the weight of femalesincreaseswvith anincrease
in height as quickly asthe weight of malesincreaseswith a correspondingincreasingchangein
height?

To quit Minitab, fromthe File menu,chooseQuit. Do notsaveanyfiles. Remembeto deleteanyfiles
andfolders thatyoumighthavecreated



