Preface

Morris DeGrootdied on November2, 1989. His ideasdid not die with
him. | am honoredto be allowedto carry on Morrie’s tradition through
the third edition of this text. Somechangeshave beenmade,but | have
tried to presenre thosefeatureghat make this book uniqueandattractie.
Foremostamongthosefeaturesis Morrie’s exceptionalability to explain
thingsclearly. For this reasonthe prefacethatyou areaboutto readis as
closeto Morrie’s own prefacefor the seconceditionasl| couldmaleit. |
have changedhosestatementshat are no longertrue and explainedthe
changeghatweremadeto thethird edition. But | wantedto give Morrie
the opportunityto describehis bookin his own wordsat leastone more
time.

This bookcontainsmorethanenoughmaterialfor aone-yeaicoursein probability
and statistics. The mathematicatequirementdor the courseare a knowledgeof the
elementof calculusanda familiarity with the conceptsandelementarypropertiesof
vectorsandmatrices.No previousknowledgeof probability or statisticsis assumed.

The book hasbeenwritten with both the studentandthe teacherin mind. Special
carehasbeentaken to make surethat the text canbe readand understoodwith few
obscurepassagesr otherstumblingblocks. Theoremsandproofsarepresenteavhere
appropriateandillustrative examplesaregivenat almostevery stepof theway. More
than1200exercisesareincludedat the endsof the varioussectionof the book. Some
of theseexercisesprovide numericalapplicationsof resultspresentedn the text, and
othersareintendedto stimulatefurther thoughtabouttheseresults. More than 250
supplementargxercisesappeaatthe endsof the chapters.

Thefirst five chaptersaredevotedto probabilityandcansene asthetext for aone-
semestecourseon thattopic. The elementaryconceptsof probability areillustrated
by suchfamousexamplesasthe birthdayproblem thetennistournamenproblem,the
matchingproblem,the collector’s problem,and the gameof craps. Standardmate-
rial on randomvariablesandprobability distributionsis highlightedby discussion®f
statisticalswindles,the useof pseudo-randomumbersa comparisorof the relative
adwantagef the meanand the medianas predictors,the importanceof the central
limit theorem,andthe correctionfor continuity. Also includedas specialfeaturesof
thesechaptersaresectionson Markov chains the Gamblers Ruin problem,andutility
andpreferenceamonggambles.Thesetopicsaretreatedin a completelyelementary
fashion but they canbe omittedwithoutlossof continuityif timeis limited.



Thenext five chapterof thebookaredevotedto statisticainference.Thecoverage
hereis modernin outlook. Both classicaland Bayesiarstatisticalmethodsare devel-
opedin anintegratedpresentationNo singleschoolof thoughtis treatedn a dogmatic
fashion. My goalis to equipthe studentwith the theoryand methodologythat have
provedto beusefulin the pastandpromiseto be usefulin thefuture. Thesechapters
containacomprehensie but elementansurney of estimationtestinghypothesesjon-
parametriomethodsmultiple regressionandthe analysisof variance. The strengths
andweaknesseandthe advantagesnddisadantage®f suchbasicconceptsasmax-
imum likelihoodestimation Bayesiandecisionproceduresinbiasedestimation,con-
fidenceintervals, andlevels of significanceare discussedrom a contemporaryiew-
point. Specialfeaturesof thesechaptersinclude discussionf prior and posterior
distributions, sufficient statistics,Fisherinformation, the delta method,the Bayesian
analysisof sampledsrom anormaldistribution, unbiasedests testsof goodness-of-fit,
contingeny tables,Simpsons paradox,robust estimationandtrimmed means confi-
dencebandsfor a regressionline, Bayesiananalysisof simplelinear regressionand
residualanalysis.

Themainchangesn this third editionareof eighttypes,which| summarizenhere.

1. A new Chapterl1 hasbeenaddedon simulation.Thisincludesmethodgor sim-
ulating specificdistributions,importancesampling,Markov chainMonte Carlo,
andthe bootstrap.Specialattentionis paid to the importanceof estimatingthe
uncertaintyin eachsimulationapproximation.Examplesaredravn from those
problemsthatweredifficult to solve analyticallyearlierin thetext.

2. | have addeda numberof new examples.Mary of theseexamplesncludeactual
datafrom publishedstudies. The analyseof thesedataare not taken from the
publishedsourcesbut ratherareillustrationsof the conceptsoveredin thistext.
Two goodsourcef data,includingmuchthatis describedn this book,arethe
Data and Story Library, DASL, andHandet al. (1994). The DASL Projectis
centerecht Cornell University, andits datasetscanbe found on the worldwide
webathttp://1ib.stat.cmu. edu/ DASL/ . The book by Hand et al.
(1994)containgdescription®f about500datasetsplusa disketteto save typing.
Most of the examplesfrom the secondedition have survivedto thethird edition,
but a few have beenreplaced. Someof the new examplesillustrate the use of
probabilitytheoryin geneticsgqueueingandcomputationafinance.

3. | have addedsomenew sectionsor subsection®n conditionally independent
eventsand randomvariables,the lognormaldistribution, quantiles,prediction

andpredictionintervals,improperpriors,Bayegests powerfunctions,M -estimators,

residualplotsin linearmodelsandBayesiaranalysisof simplelinearregression.

4. | have addeda brief introductionand summaryto eachtechnicalsection. The
introductoryparagrapharejustto give readersa hint aboutwhatthey aregoing
to encounterThe summarieslo not recapall of the material,but merelylist the
mostimportantideas. Someof the sectionscontaina lot of material,all of it
useful,but someof it vital for moving on. Not all studentsareableto distinguish
thevital from themerelyusefulonafirst reading.(I hopethatl have beenableto
distinguishthem.) Thesummariesredesignedo helphighlightthevital topics.



5. | have addedspecialnotesat placeswherel felt it would be usefulto make a
brief summarizatioror aconnectiorto apointmadeelsavherein thetext. These
areindicatedby thetext NOTE: whereserthey begin.

6. Therehasbeensomereomanizatiorof material.Independencis now introduced
afterconditionalprobability. A coupleof smallsectionsrom the secondedition
have be rewritten asnotesor extendedexercises.Theseinclude “Choosingthe
Best; “The Borel-KolmogorvParadox; “InferencesabouttheMedianandOther
Quantiles, and“The RegressionFallagy.” All discussionof tablesof random
digits hasbeenreplacedoy matrialon simulation. Thetwo sectionson signand
ranktestsin the secondeditionhave beencombininginto onesection.The most
seriousreorganizationoccursin Chapter8. | have completelyrewritten the first
sectionintroducinghypothesigesting.This sectioncontaingenoughbackground
materialto allow immediatepassagéo a studyof the ¢ testin Section8.5. The
intervening sectionson optimal testsare now optional. The materialin these
sectionsalthoughmathematicallyappealinghaslost someof its importancan
moderntreatment®f statistics.| have expandedhecoverageof powerfunctions
andintroducedthe noncentrak distribution. All discussiorof Bayestestsnow
appearsn anew Section8.8.

7. Somematerialhasbeendeletedfrom the secondedition. In additionto those
sectionsmentionedearlier thathave hadtheir main pointssummarized| have
removed the sectionon “Multidecision Problems. | alsoremoved somedis-
cussionof othertopicsthat| felt werenot developedin sufficient depthto be
usefulatanintroductorylevel. Theseancludethelik elihoodprinciple,theGauss-
Markov theoremandstepwiseregression.

8. | have singledout someof the morechallengingmaterialfrom a numberof sec-
tions and moved it to the endsof the sections. Specialsymbolsindicate two
catgyoriesof suchmaterial(l don't have the specialsymbolson my computer):

¢ Onesymbolindicatesthe startof anextendedexampleor in-depthdiscus-
sionthatis helpfulin illustratingthewide applicabilityof theresults.Some
of this materialcanbeabit challengingon a first reading however.

¢ Anothersymbolindicatesthe startof a discussiornof foundationalissues
thathelpdevelopadeepeunderstandingf themeaning®f statisticatech-
nigues.This materialis oneof the uniquefeaturesof thetext, but it needs
to bepresentedarefully.

If time doesnot permitcompletecoverageof the text, someof the following sec-
tions can be omitted without seriouslyaffecting coverageof later sections:2.4, 2.5,
49,6.7,6.8,6.9,7.6,7.8,8.2,8.3,8.4,8.8,8.9,9.6,9.7,9.8,10.4,10.7,10.8,and
11.4. Aside from cross-referencelsetweensectionswithin this list, occassionama-
terial from elsavherein the text doesrefer backto someof the sectionsin this list.
Eachof the dependencies quite minor, however. Most of the dependenciesvolve
reference$rom Chapterll backto oneof the optionalsections.Thereasorfor thisis
thatthe optional sectionsaddressomeof the more difficult material,and simulation



Vi

is mostusefulfor solving thosedifficult problemsthat cannotbe solved analytically
Exceptfor passingeferenceshathelp put materialinto contet, | shallsummarizehe
dependenciekere.

e Thesampledistribution function (Section9.6)is reintroducedluringthediscus-
sion of the bootstrapn Section11.5. The sampledistribution functionis alsoa
usefultool for displayingsimulationresults. It could be introducedasearly as
Examplell.2.7simply by coveringthefirst subsectiorof Section9.6.

e The materialon robustestimation(Section9.7) is revisited in somesimulation
exercisesn Sectionl1.1(Exercise#, 5, 7, and8).

e Examplell.2.dmakesreferenceao thematerialontwo-way analysisof variance
(Sectionsl0.7and10.8).

Althoughacomputercanbeavaluableadjunctin acoursein probabilityandstatis-
tics suchasthis one,mostof the exercisedn thefirst ten chaptersof this book do not
requireaccesgo a computeror a knowledgeof programming. (A few of the newly
addedexercisesnvolving realdataandresidualplots areexceptions.)For this reason,
theuseof thisbookis nottiedto acomputetuntil onereacheshechapteronsimulation.
Eventhere,l have includeda numberof theoreticaland methodologicakxercisesor
thosewho wishto studysimulationasa statisticalmethodakin to the onesdescribedn
the earlierchapters.nstructorsareurged,however, to usecomputersn the courseas
muchasis feasible.A smallcalculatoris a helpful aid for solvingsomeof the numeri-
cal exercises Nearthe endof hislife, Morrie beganto shav aninterestin computers.
Thiswasin sharpcontrasto whenl first methim. Whenour departmenfirst installed
computerterminalsin all faculty offices, Morrie kept his undera dustcover. Later,
whenhe saw thatword processingoftwarecould producetext thatlookedaspleasing
asthat of a typewriter, he acceptedhe useof computerdor word processing.In the
yearssinceMorrie’s death,computershave begunto play alargerrole in the develop-
mentof statisticaltheoryand methodology | like to think that, had he lived, Morrie
would have embracedhe useof computersn teachingstatisticatheoryandmethods.

Onefurtherpointaboutthestylein whichthebookis written shouldbeemphasized.
Thepronoun‘he” wasusedthroughouthesecondeditionin referenceo a personvho
is confrontedwith a statisticalproblem. Times have changed,andthe editorshave
suggestedlternatve waysof referringto unspecifiedndividuals. Throughoutmostof
thetext, the sex of a genericindividual alternatedetweenmaleandfemalefrom one
exampleor exerciseto the next. Thefield of statisticsshouldcertainlybe accessible
to bothwomenand menaswell asmembersf all minority and majority groups. It
is my sincerehopethatthis bookwill help createamongall groupsanawarenessnd
appreciatiorof probabilityandstatisticsasaninterestingively, andimportantbranch
of science.

Therearemary peoplethat| wantto thankfor their helpandencouragemerdur-
ing this revision. First andforemost,| wantto thankMarilyn DeGrootand Morrie’s
childrenfor giving me the chanceto revise Morrie’s masterpiece.l am indebtedto
mary readersyeviewers, colleaguesstaf, andthe peopleat Addison-Wesley whose
helpandcommentshave strengthenethis edition. TheseincludePaul Anagnostopou-
los Brian Blank, Anthony Brockwell, Daniel ChambersCindy Cody, Michael Evans,
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DougFrank,Lyn Geisler PremGoel,JoelGreenhouseSusarHerring, SyedKermani,
MichaelLavine,JohnLehoczlky, JohnLiukkonen,DeirdreLynch,RosaMatzkin, Terry
McConnell,Hans-Geag Muller, GeogeNichols, Mario PeruggiaHeidi Sestrich Joe
Snavden, Anna Stillner, HenSiongTan, KennethTroske, YehudaVardi, Josephver-
ducci, MahbobehVezwai, Brani Vidakovic, Bette Warren,and Calvin Williams. If

| left anyone out, it was unintentional,and | apologize. Errors inevitably arisein
ary projectlike this (meaninga projectin which I aminvolved). For this reason||
shallpostinformationaboutthe book,includingalist of correctionspn my webpage
http://ww. stat.cmu. edu/ mark/ assoonasthebookis published Readers
areencouragedb sendmeary errorsthatthey discover.

The field of statisticshasgrown and changedsince Morrie wrote a Prefacefor
the secondedition of this bookin October 1985. Personatomputergworkstations)
were just making the transitionfrom expensve and curioustoys to seriousresearch
tools. Popularstatisticalmethodshave beendevelopedsince1985which are heavily
dependentn high-speecomputation.Yetthelengthof time thata studentcandevote
to thestudyof thefield hasnotincreasedSomethinghasto give way. In recentyears,
therehasbeenatrendtowardteachingmoreof the computationamethodsandlessof
the mathematicatheory | won’t pretendthatthis is a text on computationamethods
in statistics.But | have attemptedo take a well-written text andmodernizet enough
to appealto a new generatiorof statisticians.| hopethat| have succeede@&noughto
justify thefaith thatMorrie’s family hasplacedin me.

Pittsburgh, Pennsylvania M.J.S.andM.H.D.
June 2001 and October 1985



