
Preface

Morris DeGrootdied on November2, 1989. His ideasdid not die with
him. I am honoredto be allowed to carry on Morrie’s tradition through
the third edition of this text. Somechangeshave beenmade,but I have
tried to preserve thosefeaturesthatmake this bookuniqueandattractive.
Foremostamongthosefeaturesis Morrie’s exceptionalability to explain
thingsclearly. For this reason,theprefacethatyou areaboutto readis as
closeto Morrie’s own prefacefor thesecondeditionasI couldmake it. I
have changedthosestatementsthat areno longer true andexplainedthe
changesthatweremadeto thethird edition. But I wantedto give Morrie
the opportunityto describehis book in his own wordsat leastonemore
time.

This bookcontainsmorethanenoughmaterialfor aone-yearcoursein probability
andstatistics.The mathematicalrequirementsfor the coursearea knowledgeof the
elementsof calculusanda familiarity with theconceptsandelementarypropertiesof
vectorsandmatrices.No previousknowledgeof probabilityor statisticsis assumed.

Thebookhasbeenwritten with both thestudentandtheteacherin mind. Special
carehasbeentaken to make surethat the text canbe readandunderstoodwith few
obscurepassagesor otherstumblingblocks.Theoremsandproofsarepresentedwhere
appropriate,andillustrative examplesaregivenat almostevery stepof theway. More
than1200exercisesareincludedat theendsof thevarioussectionsof thebook.Some
of theseexercisesprovide numericalapplicationsof resultspresentedin the text, and
othersare intendedto stimulatefurther thoughtabouttheseresults. More than250
supplementaryexercisesappearat theendsof thechapters.

Thefirst fivechaptersaredevotedto probabilityandcanserveasthetext for aone-
semestercourseon that topic. The elementaryconceptsof probability areillustrated
by suchfamousexamplesasthebirthdayproblem,thetennistournamentproblem,the
matchingproblem,the collector’s problem,and the gameof craps. Standardmate-
rial on randomvariablesandprobabilitydistributionsis highlightedby discussionsof
statisticalswindles,the useof pseudo-randomnumbers,a comparisonof the relative
advantagesof the meanand the medianaspredictors,the importanceof the central
limit theorem,andthe correctionfor continuity. Also includedasspecialfeaturesof
thesechaptersaresectionson Markov chains,theGambler’sRuinproblem,andutility
andpreferencesamonggambles.Thesetopicsaretreatedin a completelyelementary
fashion,but they canbeomittedwithout lossof continuityif time is limited.
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Thenext fivechaptersof thebookaredevotedto statisticalinference.Thecoverage
hereis modernin outlook. Both classicalandBayesianstatisticalmethodsaredevel-
opedin anintegratedpresentation.No singleschoolof thoughtis treatedin adogmatic
fashion. My goal is to equipthe studentwith the theoryandmethodologythat have
provedto beusefulin thepastandpromiseto beusefulin thefuture. Thesechapters
containacomprehensivebut elementarysurvey of estimation,testinghypotheses,non-
parametricmethods,multiple regression,andthe analysisof variance.The strengths
andweaknessesandtheadvantagesanddisadvantagesof suchbasicconceptsasmax-
imum likelihoodestimation,Bayesiandecisionprocedures,unbiasedestimation,con-
fidenceintervals,andlevelsof significancearediscussedfrom a contemporaryview-
point. Specialfeaturesof thesechaptersinclude discussionsof prior and posterior
distributions,sufficient statistics,Fisherinformation, the deltamethod,the Bayesian
analysisof samplesfrom anormaldistribution,unbiasedtests,testsof goodness-of-fit,
contingency tables,Simpson’s paradox,robustestimationandtrimmedmeans,confi-
dencebandsfor a regressionline, Bayesiananalysisof simplelinear regression,and
residualanalysis.

Themainchangesin this third editionareof eighttypes,which I summarizehere.

1. A new Chapter11hasbeenaddedonsimulation.This includesmethodsfor sim-
ulatingspecificdistributions,importancesampling,Markov chainMonteCarlo,
andthebootstrap.Specialattentionis paid to the importanceof estimatingthe
uncertaintyin eachsimulationapproximation.Examplesaredrawn from those
problemsthatweredifficult to solveanalyticallyearlierin thetext.

2. I haveaddedanumberof new examples.Many of theseexamplesincludeactual
datafrom publishedstudies.The analysesof thesedataarenot taken from the
publishedsources,but ratherareillustrationsof theconceptscoveredin this text.
Two goodsourcesof data,includingmuchthatis describedin this book,arethe
Data and Story Library, DASL, andHandet al. (1994). The DASL Projectis
centeredat CornellUniversity, andits datasetscanbe foundon theworldwide
web at http://lib.stat.cmu.edu/DASL/. The book by Hand et al.
(1994)containsdescriptionsof about500datasetsplusadisketteto savetyping.
Most of theexamplesfrom thesecondeditionhavesurvivedto thethird edition,
but a few have beenreplaced.Someof the new examplesillustratethe useof
probabilitytheoryin genetics,queueing,andcomputationalfinance.

3. I have addedsomenew sectionsor subsectionson conditionally independent
eventsand randomvariables,the lognormaldistribution, quantiles,prediction
andpredictionintervals,improperpriors,Bayestests,powerfunctions,

�
-estimators,

residualplotsin linearmodels,andBayesiananalysisof simplelinearregression.

4. I have addeda brief introductionandsummaryto eachtechnicalsection. The
introductoryparagraphsarejust to give readersa hint aboutwhatthey aregoing
to encounter. Thesummariesdo not recapall of thematerial,but merelylist the
most importantideas. 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 hopethatI havebeenableto
distinguishthem.)Thesummariesaredesignedto helphighlight thevital topics.



v

5. I have addedspecialnotesat placeswhereI felt it would be useful to make a
brief summarizationor aconnectionto apointmadeelsewherein thetext. These
areindicatedby thetext NOTE: wherever they begin.

6. Therehasbeensomereorganizationof material.Independenceis now introduced
afterconditionalprobability. A coupleof smallsectionsfrom thesecondedition
have be rewritten asnotesor extendedexercises.Theseinclude“Choosingthe
Best,” “TheBorel-KolmogorvParadox,” “InferencesabouttheMedianandOther
Quantiles,” and“The RegressionFallacy.” All discussionof tablesof random
digits hasbeenreplacedby matrialon simulation.Thetwo sectionson signand
ranktestsin thesecondeditionhavebeencombininginto onesection.Themost
seriousreorganizationoccursin Chapter8. I have completelyrewritten thefirst
sectionintroducinghypothesistesting.Thissectioncontainsenoughbackground
materialto allow immediatepassageto a studyof the � testin Section8.5. The
interveningsectionson optimal testsare now optional. The materialin these
sections,althoughmathematicallyappealing,haslost someof its importancein
moderntreatmentsof statistics.I haveexpandedthecoverageof powerfunctions
andintroducedthenoncentral� distribution. All discussionof Bayestestsnow
appearsin anew Section8.8.

7. Somematerialhasbeendeletedfrom the secondedition. In additionto those
sections,mentionedearlier, thathave hadtheir mainpointssummarized,I have
removed the sectionon “Multidecision Problems.” I also removed somedis-
cussionsof othertopicsthat I felt werenot developedin sufficient depthto be
usefulatanintroductorylevel. Theseincludethelikelihoodprinciple,theGauss-
Markov theorem,andstepwiseregression.

8. I havesingledout someof themorechallengingmaterialfrom a numberof sec-
tions andmoved it to the endsof the sections. Specialsymbolsindicatetwo
categoriesof suchmaterial(I don’t have thespecialsymbolson my computer):

� Onesymbolindicatesthestartof anextendedexampleor in-depthdiscus-
sionthatis helpful in illustratingthewideapplicabilityof theresults.Some
of thismaterialcanbea bit challengingona first reading,however.

� Anothersymbol indicatesthe startof a discussionof foundationalissues
thathelpdevelopadeeperunderstandingof themeaningsof statisticaltech-
niques.This materialis oneof theuniquefeaturesof thetext, but it needs
to bepresentedcarefully.

If time doesnot permitcompletecoverageof the text, someof the following sec-
tions canbe omittedwithout seriouslyaffecting coverageof later sections:2.4, 2.5,
4.9, 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-referencesbetweensectionswithin this list, occassionalma-
terial from elsewherein the text doesrefer back to someof the sectionsin this list.
Eachof thedependenciesis quiteminor, however. Most of the dependenciesinvolve
referencesfrom Chapter11 backto oneof theoptionalsections.Thereasonfor this is
that the optionalsectionsaddresssomeof the moredifficult material,andsimulation
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is mostuseful for solving thosedifficult problemsthat cannotbe solvedanalytically.
Exceptfor passingreferencesthathelpputmaterialinto context, I shallsummarizethe
dependencieshere.

� Thesampledistribution function(Section9.6) is reintroducedduringthediscus-
sionof thebootstrapin Section11.5. Thesampledistribution function is alsoa
usefultool for displayingsimulationresults. It couldbe introducedasearlyas
Example11.2.7simplyby coveringthefirst subsectionof Section9.6.

� The materialon robustestimation(Section9.7) is revisited in somesimulation
exercisesin Section11.1(Exercises4, 5, 7, and8).

� Example11.2.4makesreferenceto thematerialontwo-wayanalysisof variance
(Sections10.7and10.8).

Althoughacomputercanbeavaluableadjunctin acoursein probabilityandstatis-
tics suchasthis one,mostof theexercisesin thefirst tenchaptersof this bookdo not
requireaccessto a computeror a knowledgeof programming.(A few of the newly
addedexercisesinvolving realdataandresidualplotsareexceptions.)For this reason,
theuseof thisbookis nottiedto acomputeruntil onereachesthechapteronsimulation.
Eventhere,I have includeda numberof theoreticalandmethodologicalexercisesfor
thosewhowishto studysimulationasastatisticalmethodakin to theonesdescribedin
theearlierchapters.Instructorsareurged,however, to usecomputersin thecourseas
muchasis feasible.A smallcalculatoris ahelpful aid for solvingsomeof thenumeri-
cal exercises.Neartheendof his life, Morrie beganto show aninterestin computers.
Thiswasin sharpcontrastto whenI first methim. Whenourdepartmentfirst installed
computerterminalsin all faculty offices,Morrie kept his undera dustcover. Later,
whenhesaw thatwordprocessingsoftwarecouldproducetext thatlookedaspleasing
asthatof a typewriter, he acceptedthe useof computersfor word processing.In the
yearssinceMorrie’sdeath,computershave begunto play a largerrole in thedevelop-
mentof statisticaltheoryandmethodology. I like to think that, hadhe lived,Morrie
wouldhaveembracedtheuseof computersin teachingstatisticaltheoryandmethods.

Onefurtherpointaboutthestylein whichthebookiswrittenshouldbeemphasized.
Thepronoun“he” wasusedthroughoutthesecondeditionin referenceto apersonwho
is confrontedwith a statisticalproblem. Times have changed,and the editorshave
suggestedalternativewaysof referringto unspecifiedindividuals.Throughoutmostof
the text, thesex of a genericindividual alternatesbetweenmaleandfemalefrom one
exampleor exerciseto the next. The field of statisticsshouldcertainlybe accessible
to both womenandmenaswell asmembersof all minority andmajority groups. It
is my sincerehopethat this bookwill helpcreateamongall groupsanawarenessand
appreciationof probabilityandstatisticsasaninteresting,lively, andimportantbranch
of science.

Therearemany peoplethat I want to thankfor their helpandencouragementdur-
ing this revision. First andforemost,I want to thankMarilyn DeGrootandMorrie’s
children for giving me the chanceto revise Morrie’s masterpiece.I am indebtedto
many readers,reviewers,colleagues,staff, andthe peopleat Addison-Wesley whose
helpandcommentshavestrengthenedthis edition.TheseincludePaulAnagnostopou-
los Brian Blank, Anthony Brockwell, DanielChambers,Cindy Cody, MichaelEvans,
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DougFrank,Lyn Geisler, PremGoel,JoelGreenhouse,SusanHerring,SyedKermani,
MichaelLavine,JohnLehoczky, JohnLiukkonen,DeirdreLynch,RosaMatzkin,Terry
McConnell,Hans-Georg Muller, GeorgeNichols,Mario Peruggia,Heidi Sestrich,Joe
Snowden,Anna Stillner, HenSiongTan, KennethTroske, YehudaVardi, JosephVer-
ducci, MahbobehVezveai, Brani Vidakovic, BetteWarren,andCalvin Williams. If
I left anyone out, it was unintentional,and I apologize. Errors inevitably arise in
any project like this (meaninga project in which I am involved). For this reason,I
shallpostinformationaboutthebook,includinga list of corrections,on my webpage
http://www.stat.cmu.edu/ mark/ assoonasthebookis published.Readers
areencouragedto sendmeany errorsthatthey discover.

The field of statisticshasgrown and changedsinceMorrie wrote a Prefacefor
the secondedition of this book in October, 1985. Personalcomputers(workstations)
were just making the transitionfrom expensive andcurioustoys to seriousresearch
tools. Popularstatisticalmethodshave beendevelopedsince1985which areheavily
dependentonhigh-speedcomputation.Yet thelengthof time thatastudentcandevote
to thestudyof thefield hasnot increased.Somethinghasto giveway. In recentyears,
therehasbeena trendtowardteachingmoreof thecomputationalmethodsandlessof
themathematicaltheory. I won’t pretendthat this is a text on computationalmethods
in statistics.But I have attemptedto take a well-written text andmodernizeit enough
to appealto a new generationof statisticians.I hopethat I have succeededenoughto
justify thefaith thatMorrie’s family hasplacedin me.

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


