
36-707:Applied RegressionAnalysis
Fall 2001

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

CourseInf ormation

Instructor:
Brian Junker, Statistics
132EBaker Hall
268-8874
brian@stat.cmu .ed u

OfficeHours:
T, Th 10–11
(or byappointment).

Grader:
HoaNguyen
229JBaker Hall
268-7831
htnguyen@stat. cmu.e du

OfficeHours:
T 2–3pm

Prerequisites

I will assumeyou have hada coursein statisticalmethods,including significancetesting,confidence
intervals,maximumlikelihoodestimation,anddistribution theoryfor thenormal,

�
, � , and ��� distributions.

Also, youwill needto know somelinearalgebra,suchasmightbecoveredin aone-semesterundergraduate
matrix algebracourse.Hereat Carnegie Mellon, 36-226or 36-326,or concurrentregistrationin 36-705,
would suffice.1 You will needto learntheUNIX systemandSplusfor mostdataanalysisproblemsin this
course,andI’ ll alsoassumeyouhave hadto write termpapersin Englishat theundergraduatelevel2.

Required Texts

Rawlings,J.O.,Pantula,S.G.andDickey, D. A. (1998).Appliedregressionanalysis:a research tool (sec-
ondedition).NY: Springer-Verlag.Homepage:http://www.sta t. ncs u. edu/ publi ca ti ons .

Strunk,W. andWhite,E. B. (2000).Theelementsof style(fourthedition).Boston:Allyn andBacon.

Venables,W. N., and Ripley, B. D. (1999). Modern applied statisticswith S-plus,third edition. NY:
Springer-Verlag.

RecommendedTexts

Krause,A., andOlson,M. (2000).Thebasicsof SandS-plus,secondedition.NY: Springer-Verlag.

Kopka,H. andDaly, P. W. (1999).A guideto LaTeX2e:documentpreparation for beginners andadvanced
users, third edition.Reading,MA: Addison-Wesley.

1If you have alreadytaken36-401,pleasetalk to mebeforecontinuingin 36-707.
2If you arenot a native speaker of English,pleaseseethechapteron Englishasa foreign languagein Higham’s Handbookof

writing for themathematicalsciences., which is availableatCarnegie Mellon’s HuntLibrary.
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CourseDescription

This is a one-semestercourseon linear regression,intendedto be an introductionto the “real world”
of statistics.We will look at realdata,try variousmodelsfor thedata,assessthevalidity of assumptions,
andtry to reachconclusions.Computerprogramswill do mostof the calculationsandwe will be ableto
concentrateon thethinking. Linearregressionprovidesa languageanda bodyof techniquesfor specifying
andmeasuringrelationshipsbetweenquantitative variablesfound in every field of study. Moreover, most
parametricstatisticalmodelsare in somesensea generalizationof the linear regressionmodel. If you
understandtheissuesin linearregression,youunderstand—atleastqualitatively—theissuesin all statistical
modelingandestimationproblems.Sowe will spendsometime discussingthetheoryof linearregression,
but applicationswill never befar from sight.

A statistician’s job is never donewhenthe lastdecimalis calculatedandthe lastgraphis drawn, how-
ever. Statisticalwork is almostalwaysdonein collaborationwith a researcherin anotherfield—perhaps
economics,medicine,psychologyor engineering—andcommunicatingadataanalysiseffectively to others
is ascritical asdoing the dataanalysiswell to begin with. Whenyou do communicatewell, your work
influencesthe researchin your collaborator’s field, andyou get credit for a job well done. Whenyou do
not,your work goesunnoticedandunused.Sowe will alsodo a varietyof readingandwriting exercisesin
thecourse,to developa tastefor scientificwriting that is informative andpersuasive, andwe will practice
scientificwriting by performingandreportingoncompletedataanalyses.

The coursewill begin with a discussionof exploratory methods,which are informal techniquesfor
summarizingandviewing data.Wewill thenconsidersimplelinearregression,apowerful tool for predicting
onevariablefrom anotherandthebasisof muchscientificinference.A brief review of linearalgebrawill
precedeour discussionof multiple regression,wherewe have more than one variableavailable to help
us predicta responseof interest. Thenwe will considerthe underlyingassumptionsandlook at waysof
checkingwhetherthedatasupporttheseassumptions.Finally, someextensionsof thebasicmodelwill be
examined.

CourseObjectives

� Learnsomebasictoolsof exploratorydataanalysis,includinggraphicaldisplays.
� Develop model–building skills, including evaluationof assumptionsand interpretationof model–

fitting resultsfor linearregressionmodels.
� Understandthebasicmathematicaltheoryunderlyinglinearregressionmodels.
� Practicecarryingout statisticaldataanalysisusingamodernstatisticalsoftwareenvironment.
� Improve theability to communicatetechnicalinformationin aclearandorganizedfashion.

Grading Scheme

Homework is optional,projectsarenot. You will find however thatto getgoodgradeson theprojectsit
will help to do andget feedbackon thehomework. Classparticipation—doingthereading,answeringand
askingquestionsin class,etc.—alsomattera lot but do not figuredirectly into your numericalgradefor the
class.For eachof you, I will usewhichever of thefollowing schemesis moreadvantageous:

Homework: 30%
ProjectI: 30%
ProjectII: 40%

Homework: 0%
ProjectI: 45%
ProjectII: 55%

2



36-707:Applied RegressionAnalysis Fall 2001

Homework

I will assignapproximatelyoneproblemsetperweekashomework. Technicalexerciseswill involve
eitherpracticeusingSplusto implementwhatwe learnin class,or developingandexploring themathemat-
ical materialthat I will presentin class.In additiontherewill bereadingandwriting exercises,sincethese
arealsoskills thatagooddataanalystmusthave.

You maywork with otherstudentson theseproblemsor refer to othersourcesif you would like. The
computationsandwriteup of your assignment,however, mustbe your own. Pleasenote that the written
interpretationandconclusionsfrom adataanalysisareat leastasimportantasgenerationof datasummaries,
statistics,tests,etc.

Unlessspecificallyrequested,never submitrawcomputeroutputpages. Instead,cutout theappropriate
partsof theoutputandneatlytapeit ontoyour homework paper(or betteryet, useLATEX, with verbatim
for text outputandpsfig for figures,to putapproporiatepartsof theoutputfiles into yourwriteup).Please
labelall output,plots,variables,etc.,appropriately.

Projects

Therewill betwo majorprojectsin thiscourse,in lieu of exams:

� Thefirst projectwill beasingledataanalysisproblemassignedto everyonein theclass,shortlyafter
webegin discussingmultiple linearregression.Youwill beableto usewhateverbooksandnotesyou
wish,but youmaynotdiscussthisprojectwith anyonebut me.

� For the secondproject you will analyzea datasetthat is of interestto you. You areencouragedto
find datayourselffor this project,or usedatafrom your own pastresearchexperiences.Eitherway,
youwill needto chooseandobtainadataset,andit will behelpful to startthinkingaboutthisassoon
aspossible.By mid-October, youshouldsubmitto meabrief memodescribingthequestionthatyou
want to addressandthedatasetthat you will use. If you areunableto find a dataset,I will assign
one.

We will talk morelateraboutthe formatandcontentsof thedataanalysisreportsthatyou will turn in for
theseprojects,andof thememothatyouwill turn in for thesecondproject.

Yourgradeoneachdataanalysisreportwill beverysubjective,andwill dependonselectingandadher-
ing to alogicalandreadableformatfor thereport;onthebalanceof inventivenessandappropriatenessin the
selectionof methodsandconclusionsin your report;on thecorrectuseof whatever exploratory, graphical,
and/orfitting techniqueyou use;andon thereadabilityandunderstandabilityof the reportwhentechnical
materialis deleted.

Computing, Data Sets,Web Page,Communications

� Spluswill beusedfor almostall computerassignmentin this class.Splusis availableon thedepart-
mentworkstations,on Andrew, andonPC/Windows.

� I will assumeeveryonein thecoursehasanaccounton theStatisticsDepartmentworkstations,or on
Andrew. If not, let meknow.
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� As far as possible,all materialsfor this coursewill be madeavailable on the courseweb page,
http://www.stat .cm u. edu/ ˜b ria n/ 707. You mayalsowish to consultthewebpagesfor
theundergradregressioncourse,http://www.stat. cmu. edu/˜ br ia n/ 401.

� Thesurestway to contactusanytime outsideof classis via email:

– Instructor:brian@stat.cmu. edu
– TA: htnguyen@stat.c mu.e du

Also pleasefeel freeto dropby ourofficesor schedulespecialappointmentswith eitherof us.

Someother useful books

In addition to the booksbelow, I could list twenty more bookson the theory and practiceof linear
regression;mostof thesearein thestacksat theE&S library. In additiontherearemorebookson writing
for engineersand social scientistsin the stacksof the Hunt library; and several other writing texts and
referencesfor engineerson permanentreserve in theE&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 relatedmethods. SAGE Publications,
ThousandOaksCA. Homepage:http://davinci. so cs ci. mcmast er .ca / .

Hamilton, L. C. (1992). Regressionwith Graphics: A SecondCourse in AppliedStatistics,1st Edition.
Duxbury Press.

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

Weisberg, S. (1985).Appliedlinear regression,2nded.New York : Wiley. At E&S.

On Writing:

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

Higham,N. J. (1993). Handbookof writing for themathematicalsciences.Philadephia,PA: Societyfor
IndustrialandApplied Mathematics.At Hunt .

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

Graduatestudentsin theDepartmentof Statisticsalsohaveaccessto thedepartment’sDegroot Library ,
whichcontainstextbooks,referencebooksandarchivedjournalson many standardtopicsin Statistics.You
maybrowseandreadthesebooksin theDegrootLibrary, but it is consideredbadetiquetteto take themout
of thelibrary (exceptfor quick trips to thedepartment’s xeroxmachine).
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Syllabus and Plan of Action

Following isaroughoutlineof thetechnicaltopicswewill cover, with estimatedreadingsfrom Rawlings
andothersources.“Rawlings” is therequiredtext onappliedlinearregression;“MASS” is theVenablesand
Ripley text onSplus;and“StrunkandWhite” is thewriting styleguide.“K/O” standsfor therecommended
text onSplusby KrausandOlson.Thesereadingswill besupplementedasneededthroughoutthesemester.

I: Preliminaries[ 2 weeks?]

S/SplusBasics;ExploringData . . . . . . . . . Handouts;seealsoMASS,pp1-68;andK/O Ch’s 3, 4, 5

TheRoleof Statistics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Handouts

Writing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Strunk& White; Handouts

SimpleRegression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RawlingsCh 1

II: BasicLinearRegression[ 4 weeks?]

Multiple Regression. . . . . . . . . . . . . . . . . . . . . . . . .RawlingsCh 3 [Review RawlingsCh 2]; Handouts

CheckingtheAssumptions. . . . . . . . . . . . . . . . . . . . . . . . . . . . . Rawlings,Ch 10,Sects11.1,12.1–12.4

First project assigned

DummyVariablesandF-tests. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Handouts

RegressionTheory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RawlingsCh’s4, 6; Handouts

Memo proposingsecondproject due

III: DiagnosticsandFixes[ 3 weeks?]

RegressionDiagnostics. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .RawlingsCh 11;Handouts

Collinearity, ModelSelection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RawlingsCh 7, Handouts

First project report due

WLS, GLS,Bootstrap. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Handouts,RawlingsSect12.5

Draft of secondproject report due

IV: SpecialTopics[ 4 weeks?]

One-andTwo-WayANOVA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . RawlingsCh 9; Handouts

NonlinearModels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .RawlingsCh 14

LogisticRegression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Handouts

Tasteof BayesianRegression. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Handouts

RandomEffectsandMixedModels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .Handouts,RawlingsCh 18

??? . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ???

Secondproject report due

Milepostsfor first andsecondprojectsareapproximate.
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