36-707:Applied RegressionAnalysis
Fall 2001

TTh, 12:00--1:20pm, Old Student Center 201
http://www.stat.cmu.edu ["br ian/ 707

Courselnformation

Instructor: Grader:

Brian Junler, Statistics HoaNguyen

132EBaker Hall 229JBaker Hall

268-8874 268-7831

brian@stat.cmu .ed u htnguyen@stat. cmu.e du
OfficeHours: OfficeHours:

T,Th10-11 T 2-3pm

(or by appointment)
Prerequisites

I will assumeyou have hada coursein statisticalmethods,ncluding significancetesting,confidence
intervals, maximumlik elihoodestimation anddistribution theoryfor thenormal,¢, F', andx? distributions.
Also, youwill needto know somelinearalgebrasuchasmightbecoveredin aone-semestarndegraduate
matrix algebracourse. Here at Carngjie Mellon, 36-2260r 36-326,0r concurrentregistrationin 36-705,
would sufice! Youwill needto learnthe UNIX systemandSplusfor mostdataanalysisproblemsin this
courseand!’ll alsoassumeyou have hadto write termpapersn Englishatthe undegraduatdevel.

Required Texts

Rawlings,J.O.,Pantula,S. G. andDickey, D. A. (1998).Appliedregressiomanalysis:a reseach tool (sec-
ondedition).NY: SpringefVerlag. Homepagehttp://www.sta t. ncsu. edu/ publi cati ons.

Strunk,W. andWhite, E. B. (2000). Theelement®f style(fourth edition). Boston: Allyn andBacon.

VenablesW. N., and Ripley, B. D. (1999). Modern applied statisticswith S-plus,third edition. NY:
SpringerVerlag.

Recommendedrexts

KrauseA., andOlson,M. (2000). Thebasicsof Sand S-plus,secondedition. NY: SpringefVerlag.

Kopka,H. andDaly, P. W. (1999).A guideto LaTeX2e:documenpreparation for baginneis andadvanced
uses, third edition. Reading MA: Addison-W\ésley.
LIf you have alreadytaken 36-401 pleasetalk to me beforecontinuingin 36-707.

2If you arenot a native spealer of English, pleaseseethe chapteron Englishasa foreign languagen Highams Handbookof
writing for themathematicakciences.whichis availableat Carngjie Mellon’s Hunt Library.
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CourseDescription

This is a one-semesterourseon linear regression,intendedto be an introductionto the “real world”
of statistics.We will look at realdata,try variousmodelsfor the data,assesshe validity of assumptions,
andtry to reachconclusions.Computerprogramswill do mostof the calculationsandwe will be ableto
concentrat@n thethinking. Linearregressiorprovidesa languageanda body of techniquedor specifying
and measuringelationshipshetweenguantitatve variablesfoundin every field of study Moreover, most
parametricstatisticalmodelsare in somesensea generalizatiorof the linear regressionmodel. If you
understandheissuesn linearregressionyou understand—adeastqualitatively—theissuedn all statistical
modelingandestimationproblems.Sowe will spendsometime discussinghe theoryof linearregression,
but applicationswill never befar from sight.

A statisticians job is never donewhenthelastdecimalis calculatedandthe lastgraphis dravn, how-
ever. Statisticalwork is almostalwaysdonein collaborationwith a researchem anotherfield—perhaps
economicsmedicine psychologyor engineering—andommunicatinga dataanalysiseffectively to others
is ascritical asdoing the dataanalysiswell to begin with. Whenyou do communicatewell, your work
influencesthe researchn your collaborators field, andyou get creditfor a job well done. Whenyou do
not, your work goesunnoticedandunused.Sowe will alsodo avariety of readingandwriting exercisesn
the course to develop a tastefor scientificwriting thatis informatve and persuasie, andwe will practice
scientificwriting by performingandreportingon completedataanalyses.

The coursewill begin with a discussionof exploratory methods,which are informal techniquesfor
summarizingandviewing data.Wewill thenconsideisimplelinearregressionapowerful tool for predicting
onevariablefrom anotherandthe basisof muchscientificinference.A brief review of linearalgebrawill
precedeour discussionof multiple regression,wherewe have more than one variable available to help
us predicta responsef interest. Thenwe will considerthe underlyingassumptionsndlook at ways of
checkingwhetherthe datasupporttheseassumptionsFinally, someextensionsof the basicmodelwill be
examined.

CourseObjectives

Learnsomebasictools of exploratorydataanalysisjncludinggraphicaldisplays.

Develop model-tilding skills, including evaluation of assumptionsand interpretationof model—
fitting resultsfor linearregressiormodels.

Understandhe basicmathematicatheoryunderlyinglinearregressiormodels.
Practicecarryingout statisticaldataanalysisusinga modernstatisticalsoftwareenvironment.
Improve the ability to communicateéechnicalinformationin a clearandorganizedfashion.

Grading Scheme

Homework is optional,projectsarenot. Youwill find howeverthatto getgoodgradeson the projectsit
will helpto do andgetfeedbackon the homevork. Classparticipation—doinghereading,answeringand
askingquestionsn class,etc.—alsamatteralot but do notfiguredirectly into your numericalgradefor the
class.For eachof you, | will usewhichever of thefollowing schemess moreadwantageous:

Homework: 30% Homework: 0%
Projectl: 30% Projectl: 45%
Projectll: 40% Projectll: 55%
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Homework

I will assignapproximatelyone problemsetperweekashomevork. Technicalexerciseswill involve
eitherpracticeusingSplusto implementwhatwe learnin class,or developingandexploring the mathemat-
ical materialthatl will presenin class.In additiontherewill bereadingandwriting exercisessincethese
arealsoskills thata gooddataanalystmusthave.

You may work with otherstudentson theseproblemsor referto othersourcesf you would like. The
computationsand writeup of your assignmenthowever, mustbe your own. Pleasenotethat the written
interpretatiormandconclusiongrom a dataanalysisareatleastasimportantasgeneratiorof datasummaries,
statisticstests,etc.

Unlessspecificallyrequestedpnever submitraw computeroutputpages Instead cutouttheappropriate
partsof the outputandneatlytapeit ontoyour homevork paper(or betteryet, uselATpX, with verbatim
for text outputandpsfig  for figures,to putapproporiatgartsof the outputfilesinto yourwriteup). Please
labelall output,plots,variables etc.,appropriately

Projects

Therewill betwo majorprojectsin this coursejn lieu of exams:

e Thefirst projectwill beasingledataanalysisproblemassignedo everyonein the class,shortlyafter
we begin discussingnultiple linearregression.Youwill beableto usewhaterer booksandnotesyou
wish, but you may not discusghis projectwith anyonebut me.

e For the secondproject you will analyzea datasetthatis of interestto you. You are encouragedo
find datayourselffor this project,or usedatafrom your own pastresearctexperiencesEitherway,
youwill needto chooseandobtainadataset,andit will behelpfulto startthinking aboutthisassoon
aspossible.By mid-Octoberyou shouldsubmitto me a brief memodescribingthe questiorthatyou

wantto addressaandthe datasetthatyou will use. If you areunableto find a dataset,| will assign
one.

We will talk morelater aboutthe formatandcontentsof the dataanalysisreportsthatyou will turnin for
theseprojects,andof the memothatyou will turnin for the secondproject.

Your gradeon eachdataanalysisreportwill bevery subjectve, andwill depencon selectingandadher
ing to alogicalandreadabldormatfor thereport;onthebalanceof inventvenessandappropriateness the
selectionof methodsandconclusionsn your report;on the correctuseof whatever exploratory graphical,

and/orfitting techniqueyou use;andon the readabilityandunderstandabilityf the reportwhentechnical
materialis deleted.

Computing, Data Sets,Web Page,Communications

e Spluswill beusedfor almostall computerassignmenin this class.Splusis available on the depart-
mentworkstationspn Andrew, andon PC/Wndows.

¢ | will assumeaveryonein the coursehasanaccounton the StatisticsDepartmentvorkstationspr on
Andrew. If not, let meknow.
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e As far as possible,all materialsfor this coursewill be madeavailable on the courseweb page,
http://www.stat .cmu. edu/ “b ria n/ 707. You mayalsowish to consultthe web pagesor
theundegradregressiorcourse http://www.stat. cmu. edu/” bria n/ 401.

e Thesurestway to contactusarnytime outsideof classis via email:

— Instructor:brian@stat.cmu. edu
— TA: htnguyen@stat.c mue du

Also pleasefeel freeto dropby our officesor schedulespecialappointmentsvith eitherof us.

Someother useful books

In additionto the booksbelow, | could list twenty more bookson the theory and practiceof linear
regressionmostof thesearein the stacksatthe E&S library. In additiontherearemorebookson writing
for engineersand social scientistsin the stacksof the Hunt library; and several otherwriting texts and
referencegor engineeron permanentesere in the E&S library.

On Applied Regression:
Draper N. R. andSmith,H. (1980). Appliedregressionanalysis,2nded. New York : Wiley. At E&S.

Fox, J. (1997). Applied regressionanalysis,linear models,and related methods. SAGE Publications,
ThousandOaksCA. Homepagehttp://davinci. socsci. mamast er .ca /.

Hamilton, L. C. (1992). Reagressionwith Graphics: A SecondCoursein Applied Statistics,1st Edition.
Duxhbury Press.

Hoaglin,D. C., Mosteller F. andTukey, J.W. (1983).Undeistandingrobustandexploratory dataanalysis.
New York : Wiley. At E&S.

Weisbeg, S.(1985). Appliedlinear regression2nded. New York : Wiley. At E&S.
On Writing:

Alley, M. (1996). Thecraft of scientificwriting, third edition. SpringefVerlag,New York. ISBN 0-387-
94766-3.Homepage:http://fbox.vt. edu/e ng/mech/ wri ti ng/c sw.ht ml.

Higham,N. J. (1993). Handbookof writing for the mathematicakciences PhiladephiaPA: Societyfor
IndustrialandApplied Mathematics At Hunt.

Holloway, B. R. (1999). Technical writing basics: a guideto styleand form. Upper SaddleRiver, NJ:
Prentice-Hall.

Graduatestudentsn the Departmenbf Statisticsalsohave accesso thedepartmens Degroot Library
which containgtextbooks,referencebooksandarchived journalson mary standardopicsin Statistics.You
may browseandreadthesebooksin the DegrootLibrary, but it is consideredadetiquetteto take themout
of thelibrary (exceptfor quick tripsto the departmeng xeroxmachine).
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Syllabus and Plan of Action

Following is aroughoutlineof thetechnicaltopicswewill cover, with estimatedeadinggrom Rawlings
andothersources:Rawlings” is therequiredtext on appliedlinearregression;MASS” is theVenablesand
Ripley text on Splus;and“Strunk andWhite” is thewriting styleguide."K/O” standdor therecommended
text on Splusby KrausandOlson. Thesereadingswill besupplementedsneededhroughouthe semester

I: Preliminaried 2 weeks?|

S/SplusBasics;ExploringData.......... HandoutsseealsoMASS, pp 1-68;andK/O Ch's 3,4, 5
TheRoOleOf StatiStICS . . ... .t e Handouts
NG e e e Strunk& White; Handouts
SIMPIEREIESSION. . ..ot e RawlingsCh1

Il: BasicLinearRegressior 4 weeks?)]

Multiple Regression....................ov.. Rawlings Ch 3 [Review Rawlings Ch 2]; Handouts
Checkingthe Assumptions. .............cccieviiinn.n. Rawlings,Ch 10,Sects11.1,12.1-12.4
First project assigned

DummyVariablesandF-testS. ... e e Handouts
REQreSSIONTNEONY .. .v it e e e it Rawlings Ch's 4, 6; Handouts

Memo proposingsecondproject due
lll: DiagnosticeandFixes|[ 3 weeks?|

RegressiorDiagnostiCs. . ..o ot e e Rawlings Ch 11; Handouts
Collinearity ModelSelection. ...t Rawlings Ch 7, Handouts
First projectreport due

WLS, GLS,BOOtStrap. . .ot vii et i it HandoutsRawlings Sect12.5
Draft of secondproject report due

IV: SpecialTopics[ 4 weeks?|

One-andTwo-Way ANOVA ... i e Rawlings Ch 9; Handouts
NonlinearModelS. ... ..o e e e e e RawlingsCh 14
[0 1S3 1ol 2 L= o =73 o) o 1 Handouts
Tasteof BayesSiamREgreSSION. ...ttt e e e Handouts
RandomEffectsandMixedModels . ...t HandoutsRawlings Ch 18
277 272

Secondproject report due

Milepostsfor first andsecondorojectsareapproximate.



