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Summary.Newton’slawofgravitystatesthattheforcebetweentwoobjectsintheuniverse
isequaltotheproductofthemassesofthetwoobjectsdividedbythesquareofthedistance
betweenthetwoobjects.Inthefirstpartofthepaperitisshownthatamodelwitha‘law-of-gravity’
interpretationapplieswelltotheanalysisoflongitudinalcategoricaldatawherethenumberof
peoplechangingtheirbehaviourorchoicefromonecategorytoanotherisameasureofforce
andthegoalistoobtainestimatesofmassforthetwocategoriesandanestimateofthedis-
tancebetweenthem.Toprovideabetterdescriptionofthedatadynamicmassesanddynamic
positionsareintroduced.ItisshownthatthisgeneralizedlawofgravityisequivalenttoGood-
man’sRC(M)associationmodel.Inthesecondpartofthepaperthemodelisgeneralizedto
twokindsofthree-waydata.Thefirstcaseiswhentherearemultipletwo-waytablesandin
thesecondcasewehavechangeoverthreepointsoftime.Conditionalandpartialassociation
modelsarerelatedtothree-waydistancemodels,liketheINDSCALmodel,andtriadicdistance
modelsrespectively.
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1.Introduction

Thispaperwillbeconcernedwithlongitudinalcategoricaldata,i.e.repeatedmeasurements
onanumberofobservationalunitswiththesameinstrument.Themaininterestinstudying
longitudinaldataiswhetherchangeoccurredand,ifso,whatthenatureofthechangeis.We
shallconfineourselvestothecaseofcategoricaldata.Ourquestionsconcernqualitativechange,
i.e.changesinattitude,opinion,behaviouroranyothercategoricalvariable.Thisistypically
differentfromcontinuousdatawhereitmightbepossibletodescribechangeintermsofbetter
orworse;forcategoricaldatadescriptionsareintermsof‘different’or‘thesame’.

Oncelongitudinalcategoricaldatahavebeencollectedtheycanberepresentedintransition
frequencytables,whicharecontingencytableswhereeachwaycorrespondstothecategoriesof
avariablemeasuredataspecifictimepoint(weadoptthewaymodeterminologyforthetables
ofCarrollandArabie(1980)).Thenumberoftimepointsdefinesthenumberofwaysofthe
transitionfrequencytable.Havingmeasuredagroupofpeopletwiceonacategoricalvariable,
asquaretransitionfrequencytablearises.Ifmeasurementsareobtainedatthreetimepointsthe
datacanbegatheredinathree-waycontingencytable,andsoforth.

AnexampleofsuchdataisobtainedfromUptonandSärlvik(1981)whodiscussedchanges
inpoliticalvotinginSweden.ThedataareshowninTable1.Therearefivepoliticalparties:
theCommunistsCOM;theSocialDemocratsSD;theCentrePartyC;thePeople’sPartyP;the

Addressforcorrespondence:MarkdeRooij,MethodologyandStatisticsUnit,InstituteforPsychological
Research,LeidenUniversity,POBox9555,2300RBLeiden,TheNetherlands.
E-mail:rooijm@fsw.leidenuniv.nl

138M.deRooij

Table1.Swedishvotingdatarepresentingvoting
changesfrom1964(rows)to1970(columns)†

comsdcpcon
COM(22)27410
SD16(861)57308
C426(248)147
P82061(201)11
CON043132(140)

†FromUptonandSärlvik(1981).

ConservativesCON.ThesearetheanglicizednamesfollowingUptonandSärlvik(1981).The
rowscorrespondtothepoliticalpartiesin1964(incapitalletters);thecolumnstothepolitical
partiesin1970(lower-caseletters).

Thefocuswillbeonchange,i.e.ontheoff-diagonalentries.Thevaluesonthediagonalare
withinparentheses;forthesecellsspecialparameters(whichareoftencalledloyaltyparameters)
willbeincludedinthemodelstobedeveloped.

Thequestion,oncewehavesuchchangedata,isnotwhetherthereisassociationbutwhatthe
patternofassociationlookslike.WeshallproposeamodelforthesedatabasedonNewton’s
lawofgravity,whichstatesthattheforcebetweenanytwoobjectsintheuniverseispropor-
tionaltothemassesofthetwoobjectsandinverselyrelatedtothesquareddistancebetweenthe
twoobjects(Newton’slawofgravitywillbediscussedinmoredetailinthenextsection).This
deterministicmodelwillbeappliedtotheanalysisofchangewheretheobjectsintheuniverse
arethecategoriesofthevariable.Theforcebetweentwoobjectsismeasuredbythenumberof
respondentsmakingatransitionfromonecategorytoanother.Thisnumberisnotaccurately
measured,however,sinceasampleisobtainedfromapopulation.Therefore,thelawofgravity
isusedasaprobabilisticmodelassumingamultinomialsamplingscheme(whichistheusual
samplingschemeforsuchdata).Theforcewillbemodelledbythemassofthetwocategories
andafunctionofthedistancebetweenthetwoobjects.

Theremainderofthispaperisorganizedasfollows.ThenextsectiondiscussesNewton’slaw
ofgravityinmoredetail.Section3describestheanalysisofchangeintermsofNewton’slaw
ofgravityandintroducesdynamicelementsinthelawtoadaptfordifferentdatasettings.After
introducingthedynamicelementsitwillbeshownthatthemodelisareparameterizationof
theRC(M)associationmodel(Goodman,1979,1991).Theusualidentificationconstraintsfor
thismodel,however,arenotsuitedtotheanalysisofchange.Anewwayofidentifyingthe
solutionwillbepresentedandfinallythemodelwillbeappliedtothedatainTable1.InSection
4themodelwillbegeneralizedtothecaseofmultipletwo-waytables.Thegravitymodelsthat
aredevelopedarerelatedtoconditionalassociationmodels(Clogg,1982),butagaintheusual
identificationconstraintsarenotsuitedtotheanalysisofchange.Section5treatsgravitational
modelsforthreetimepoints.Thesemodelsarerelatedtopartialassociationmodels(Clogg,
1982).Identificationandanapplicationtoempiricaldatawillbediscussed.Weshallconclude
withdiscussionandreflectionabouttheresultsobtainedandshowsomelimitationsofthework
presented.

2.Newton’slawofgravity

OneofthemajorlawsofthenaturalsciencesisNewton’slawofgravity:

‘Allmatterattractsallothermatterwithaforceproportionaltotheproductoftheirmassesandinversely
proportionaltothesquareofthedistancebetweenthem’.


