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ModelingInformationEquality

SocialandMediaLatencyEffectsonInformationDiffusion

Weliveinthe“informationage.”Thisassertionhasdevelopedoverthelastfewdecades

fromaradicalreconceptualizationofsocietyandpowertoaclichéoftenmouthedbymarketers,

politicians,andacademicsalike.Itappearstobeoneofthefewpointsonwhichnearlyall

contemporarysocialtheoristsagree.

Butwhat,exactly,doesthisassertionmean?Theanswerdiffersfromtheoristtotheorist.

Castells(2000a,2000b,2001a,2001b)pointstotheconfluenceofthreetrends:thegrowing

powerandpervasivenessofICT’s;theemergenceofaglobaleconomy;andtheincreasingsocial

valueoffreeandopencommunication.ToCastells,thesefactorscombinetoproduceanew

socialstructurethatabandonstraditionalhierarchiesforanetworkmodel.

Ball-Rokeach(Gibbs,Ball-Rokeach,Jung,Kim,&Qiu,inpress;Loges&Jung,2001;

Matei&Ball-Rokeach,2002)positionsinformation,instantiatedintheactof“storytelling,”at

thecenterofpowerrelationsbetweenindividuals,communityorganizationsandglobal

institutions,facilitatedbybothmassandinterpersonalcommunicationmedia.Inher

communicationinfrastructure(CI)model,informationisenvisionedasthekeythatallows

individualstoachievecrucialpersonalgoals,suchasunderstanding,orientation,andplay,both

individuallyandsocially.

Bell(1999)distinguishestoday’s“post-industrialsociety”fromthepastindustrialsociety

onthebasisoftheshiftfromaMarxian“labortheoryofvalue”toamorecurrent“knowledge

theoryofvalue”(p.xvii).Informationhassupplantedlaborasthebuildingblockofmodern

societies.Itssuperiority,heargues,restsinitsreflexivity(knowledgebegetsmoreknowledge,

unlikelabor)andinitspotentialroleasacollectivegood,ratherthanascarceresource.
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Whilethesetheorists,andothers,mayhavedifferentmodelsfordiscussingtheroleof

informationvis a vis social,politicalandeconomicinstitutions,eachagreesthatinformation,and

itsexchange,arenowfundamental.Itfollowsthataccesstoinformation–wholearnswhat,and

when–iskey,especiallyasthegapbetweeninformation“haves”and“have-nots”threatensto

growcontinuallywider.Thisthreatistacitlyaddressedinourlegalinstitutions(e.g.lawsagainst

insiderstocktrading),newersocialconventions(e.g.filesharing,blogging),andexplicitly

acknowledgedbysomecommunicationtheorists(Deroian,2002;Himanen,2001).

Inthisstudy,weaddressthepoliticalramificationsofinformation-as-currencyin

interpersonalcommunicationnetworks.Specifically,weareinterestedinmeasuringinformation

equality, definedastheextenttowhichmembersofasocietyorsocialnetworkhaveaccessto

equivalentinformationatrelativelyequivalentspeeds.Thedegreeofinformationequality

possessedbyanetworkcanbeunderstoodasanemergentpropertygeneratedbytheinformation

latencieswithinthatnetwork.Specifically,weidentifytwonetworkproperties,socialstructure

andthecommunicationinfrastructure,thatimpactinformationlatency.Welabeltheireffects,

respectively,associallatencyandmedialatency.

Inanidealnetwork,everynodewouldhavethecapacitytocommunicateinstantaneously

witheveryothernode.Intherealworld,socialbarrierslimitthenumberofpossibleinterlocutors

agivenpersonmayhaveaccessto.Theemergenteffectofthislimitationisanoveralllaginthe

speedwithwhichinformationcantraverseanentiresocialnetwork–hence,sociallatency.

Similarly,technologicallimitationsandunequalaccessto,anduseof,communicationmedia

producemedialatencyatthenetworklevel.
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Policy Considerations

Theeffectsofsociallatencyandmedialatencyonanetwork’sinformationequalityhave

profoundpolicyconsequences.Digitaldivideresearch(Haythornewaite,2001;Jung,Qiu,&

Kim,2001;Loges&Jung,2001;Mansell,1999;Sidorenko&Findlay,2001)haspreviously

identifiedsocialconsequencesoftheunequaldistributionanduseofcommunicationmedia.A

policyissuearisingfromthis,specificallyfromknowledgegapresearch(Tichenor,Donohue,&

Olien,1970),hasbeenthetendencyofnewercommunicationtechnologiestowidentheinherent

socialinequalitiesinthesystem.

Theauthorspointtoanumberofcontributoryfactorsatworkincreatingthisdifferential

effect,includingcommunicationskills(attributedtobettereducation—asocioeconomic

attribute),existingknowledge,relevantsocialcontact,thenatureofthemassmediumitself,and

selectiveexposure,acceptanceandretentionofinformation.Ofparticularinterestforthispaper,

researchfoundthatsocialsubsystemsthatbenefitedthemosttendedtobethosethatstartedwith

thegreatestadvantage.

Theknowledgegaphypothesishascomeundercriticismfromseveralquarterssinceit

wasfirstproposed,includingtheprivilegingofcertaintypesofinformation(newsandpublic

affairsweretheoriginalinformationtopicsmeasured).GazianoandGaziano(1999),for

example,arguethatknowledgegapresearchhasyieldedinconsistentresultsbecauseresearchers

“combineandconfuseconceptsfromdifferentperspectivesthatvaryinlevelsofanalysisand

assumptions”(p.118).However,researchonthishypothesisisconfoundedbytheselimitations,

thepremisethatnewideasandtechnologiescanincrease,ratherthanclose,thegapbetween

informationhavesandhave-notsremainsavitalconsiderationforresearch,suchasours,focused
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ontheimpactofICT’sonsocialnetworks.Indeed,thepolicyconsiderationsarisingfromthe

knowledgegaphypothesisfoundanallyinresearchconcerningthedigitaldivide.

FollowingtheformativeyearsoftheWorldWideWeb,severalstudies(Basil,Brown,&

Bocarnea,2002;Haythornewaite,2001;Hoffman,Novak,&Schlosser,2000;Jung,etal.,2001;

Katz&Rice,2002;Lenhart,2000;Loges&Jung,2001;Mansell,1999;Sidorenko&Findlay,

2001)showedthatthereweresignificantdifferencesintermsofaccesstoanduseoftheInternet

withregardstocertainkeydemographicmeasures—namely,gender,education,race,age,

locale,andincome—aswellasdisparitiesbetweenpost-industrialsocietiesandtheso-called

“developingworld.”Theseobservationsgaverisetothedigitaldividedebate,inwhichoneside

arguedthatdisparitywouldnarrowasdiffusionincreased,andtheothersidearguedthatsocial

inequitieswouldonlyincreasewithtime.Traditionalmeasuresofaccesssupportthefirstgroup,

showinggapsnarrowinginrecentyearsacrossincomes,race,andeducation,anddisappearing

completelywithregardstogender(Howard,Raine&Jones,2001;Katz&Rice,2002;Lenhartet

al,2003;Nie&Erbring,2000).

However,proponentsforsocialequitychallengethesefindings(Norris,2001;Schiller,

1999)andquestionwhetherdiffusionoftechnologyisameaningfulmeasure.Jung,etal(2001;

alsoseeLoges&Jung,2001;Walther,Slovacek&Tidwell,2001),forinstance,havecreatedan

Internetconnectednessindex(ICI)whichrevealscontinuinginequalitiesintermsoftheintensity

andsatisfactionofInternetusedespitethenarrowinggapinbasicaccess.Thisdissatisfaction

withusingaccesstotechnologyandtimespentusingtechnologyasunqualifiedbarometersof

socialequalityisathemeweechoinourownresearch.Ratherthansimplyexploringnew

technology’simpactonthespeed atwhichmembersofanetworkreceiveinformation,weare
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concernedwithexaminingthedifferential rates ofaccesstoinformation,lookingforlingering

socialinequitiesbeneaththesurfaceappearanceofuniformbenefit.

Severalstate-sponsoredandnon-governmentalorganizations(NGOs)haveattemptedto

addresstheseissuesbyupgrading,expanding,ordemocratizingthemediainfrastructureof

communities.TheseagenciesrangefromtheBill&MelindaGatesFoundation

(http://www.gatesfoundation.org)totheWorldLinksforDevelopmentProgram

(http://www.world-links.org),andtheUnitedNegroCollegeFund(http://www.uncf.org).Asthe

knowledgegapanddigitaldivideresearchshows,thedegreetowhichsucheffortscanbe

characterizedassuccessfullargelydependsontheevaluativemechanismandcriteriaemployed

bytheresearchers.

Webelievethattheseeffortssufferfromthreeprincipallimitations:focusonmedia

latencyattheexpenseofsociallatency;lackofanevaluativemechanismthataccountsfor

informationequalitywithinthenetworkunderstudy;andlackofadequatepredictivepowerto

confidentlyinvestinchange.Itisouraimtoaddresstheselimitations,bydevelopingadiffusion

ofinformationmodelthatencompassesbothsocialandmedialatencyasindependentvariables

andpredictsinformationequalityasadependentvariable.Specifically,weincorporatediffusion

researchandsocialnetworkanalysisintoanagent-basedpredictivemodel.

Diffusion Research

Diffusionofinnovationresearch(Granovetter,1978;Rogers&Shoemaker,1971;

Valente,1996),anditslesscommontheoreticalsibling,diffusionofinformationresearch

(Rogers,2000;Wellman&Berkowitz,1988),considerthemulti-levelprocesseswhereby

messages,attitudesandbehaviorsarespreadthroughasocialsystem.

http://www.gatesfoundation.org
http://www.world-links.org
http://www.uncf.org
http://www.pdfdesk.com


ModelingInformationEquality7

Rogers(2003)classifiesmembersofsocialsystemsbasedonthedegreetowhichan

individualisrelativelyearliertoadoptaninnovativeideathanothermembers.Ofinterestfroma

politicalstandpointistheobservation,mirroringinthefindingsofknowledgegapresearch,that

earlieradopterstendtohavehighersocioeconomicstatusthanlaterones.Specifically,theytend

tohavemoreyearsofformaleducation,aremorelikelytobeliterate,havehighersocialstatus,

andagreaterdegreeofsocialupwardmobility.

Itisimportanttonotethatthissocialstratificationisunderstoodtobeaneffect,aswellas

acause, ofdiffusionprocesses.InthewordsofRogers(2003),“theconsequencesofthe

diffusionofinnovationsusuallywidenthegapbetweentheaudiencesegmentspreviouslyhigh

andlowinsocioeconomicstatus”(p.443).Thisobservationisdirectlyrelevanttoanetwork’s

informationequality;totheextentthatdifferentialratesofaccesstocommunicationcreate

separateinformationclasses(i.e.havesandhave-nots),theseclassestendtomaponto

preexistingsocioeconomicstrata.

Diffusionresearchalsofocusesontheconceptofsalience, ortheperceivedimportanceof

amessagetoanindividualinanetwork.ResearcherssuchasRogers(2003)havedemonstrated

thattheperceivedsalienceofamessageorinnovationhasameasurableimpactonwhetherthe

messageisrelayedortheinnovationisadopted.Thisisaconceptweincorporateintoourmodel,

withavariation.Valente(1996)distinguishesbetweeninnovationwithrespecttoanindividual’s

personalsocialsystemandinnovationwithrespecttotheentirenetwork.Weapplythis

bifurcationtoourmeasureofsalience,distinguishingbetween“personalsalience”(thedegreeto

whichamessageisperceivedasrelevanttoanindividual)and“networksalience”(thedegreeto

whichamessageisperceivedasrelevanttotheentirenetwork).
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Wearehardlythefirstresearcherstoapplyapoliticallenstodiffusionresearch.Deroian

(2002),forinstance,suggests“somepoliticalimplicationsofsocialnetworkformationwith

regardtodiffusionofinnovation”(p.845).Rogers(2000),reviewingnewsdiffusionresearchto

date,suggeststhat“futureattentioncouldbegiventoconnectinginvestigationsofnewsdiffusion

withsuchtheoreticallydrivenresearchareasasknowledge-gaps”(p.573).Thisisexactlythe

theoreticalfusionwestrivetoaccomplish.

Social Network Analysis

Socialnetworkanalysisencompassesagrowingfieldofmethodologicalandtheoretical

approachestocommunicationdynamicswithinanetworkofnodes,usuallyconceivedasagroup

ofindividuals(Burt,1992;Monge&Contractor,2003).Oneofthedistinguishingcharacteristics

isthatitanalyzescommunicationwithinanetworkbasedprimarilyontheemergentstructuresof

linksbetweenthenodes,ratherthanonthequalitiesofthenodesthemselves.

Weechothisemphasisinourownmodel.Mostagent-basedmodelsinsocialsciences

focusonthewaythatnodalattributeschangeasaresultoftheattributesofothernodesintheir

immediateenvironments(Bhargava,Kumar&Mukherjee,1993;Watt&VanLear,1996).By

contrast,weareprimarilyinterestedinmodelingmessageflowasafunctionoftheemergent

structuresofsociallinksthroughoutthenetwork.

Anotherconceptweborrowfromsocialnetworkanalysisisthedistinctionbetween

strongandweakties(Granovetter,1973;Krackhardt,1992).Strongtiesrepresentclose

friendshipsandfamilyties,whileweaktiesrepresentacquaintancesandotherlower-intensity

relationships.Whilestrongtiesareagreaterpredictorofcontact(Koku,Nazer&Wellman,

2001),weaktieshavebeenshowntobe“stronger”sourcesofsalientinformationduetotheir

non-redundancy(Granovetter,1973).Weincorporatebothoftheseobservationsintoourmodel.
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Agent-Based Modeling

Typically,researchonthediffusionofamessagethroughanetworkhasbeenconducted

throughfieldexperiments.Thisusuallyentailsfieldingquestionnairesafterthefact,attempting

toreconstructthepathofagivenmessagethroughanetwork,oratleasttoassesshowmany

individualshadreceivedthemessageatvariousdiscretepointsintime(Rogers,2000).This

methodologyisinsufficienttoourneedsforavarietyofreasons.First,weareattemptingnot

onlytoobservemessagediffusion,buttopredict it,basedontwotop-levelindependentvariables

(socialandmedialatency).Second,wearedealingwithextremelylargenetworksconsistingof

thousandsofnodes.Fieldexperimentalresearchonanetworkofthissizewouldalmostcertainly

requireasamplingmethodology,andwouldthereforemissmanyofthefinerdetailsofa

network’ssocialstructure–oneofourprimarypredictivevariables.

ResearcherslikeMoody(2002)arguethatrelationalactivityoccursatdiscretepointsin

time,ratherthaninstaticnetworks.Accordingly,ourresearch–unliketraditionaldiffusion

research–requiresdynamicmeasurementofamessageasittravelsthroughasystem;creatinga

dauntingexperimentaltask.Finally,weaimtocreateamodelthatmaybeappliedtoabroad

varietyofsocialnetworks,andthusdemandatoolwithagreatdegreeofflexibility.Thislast

pointaddressesaproblemthathasdoggeddiffusionresearchforyears;asRogers(2000)

observes,themajorityofdiffusionresearchhasnotbeenbroadlygeneralizable,duetothe

proceduralidiosyncrasiesofdatacollection.

Themethodwechoosetobestaddresstheseneedsisagent-basedmodeling.Sometimes

referredtoascellularautomata(CA)modeling(therearesomedifferencesbetweenthetwo

terms,butitisdifficulttodrawacleardistinction[Reynolds,1999]),thismethodreliesupona
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computersimulationinwhichindividuals(“agents”)interoperatewithinagivenenvironment

accordingtoasetofpredefinedrules.

Thismethodologyhaspreviouslybeenapplied,albeitrarely,todiffusionprocesses.

Bhargava,etal(1993)createdacellularautomatamodelforpredictingthesuccessfuldiffusion

ofnewproductsinvariousmarkets.Similarly,weemployastochastic,ratherthana

deterministic,model.Thisisanessentialfeaturebecause,asBhargava,etalwrite,“inrealistic

socialsystems,uniformpatternsarerarelyseentopersist”(p.90).Corman(1996)alsosuggests

theviabilityofthismethodologywhenhewrites,“stochasticcellularautomata...relyon

transitionprobabilitiesorapplydecisionrulesasconstraintsonrandombehavior.Suchmodels

describetheinnovationdiffusionprocess”(p.194).

WealsodrawupontheBassdiffusionmodel(Bass,1969)inbuildingourown.Although

Bassreliedonanordinarydifferentialequation(ODE)modelratherthananagent-basedmodel,

hisequationincludedacoefficientaccountingfortheexternaleffectsofthecommunication

mediathemselves.Toourknowledge,Bass’istheonlydiffusionmodelpriortoourownwhich

explicitlyaccountsforthisfactor.

Study Purpose

Thepurposeofthisstudyistobuildandtestapreliminarymodelwiththecapacityto

predicttheinformationequalityofsocialnetworks,applicabletoavarietyofgroupssuchas

regions,states,etc.,usinginputdataregardingsocialstructureandcommunicationmedia

infrastructure.Usingsuchamodel,astateorNGOwithabudgetdedicatedtoimprovingthe

communicativecapacityofagivensocialnetworkcouldtesttheeffectofdifferentstrategies

tailoredtothenetworkathandbeforespendingacentontechnology.Forthemoment,our

purposeistovalidatethemodel,ratherthancreateatoolforpolicydecision-making,ataskwe
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leaveforthefuture.Inthislight,wechoosetofocusexclusivelyoninterpersonal

communication,reservingtheeffectofmassmediaforfutureenhancementstothemodel.

Ouraiminbuildingthismodelistoexaminetheemergenteffectsofsocialandmedia

latencyonanetwork’soveralldegreeofinformationequality.Ourheuristicforobserving

informationequalityisquitesimple.Asresearchershavenoted,informationdiffusesneither

universallynoruniformlythroughanetwork(Valente,1995;Wellman&Berkowitz,1988).Asa

result,nearlyalldiffusionprocessesfollowacharacteristic“S-curve”overtime(Bhargava,etal,

1993;Rogers,2000);afewinitialadoptersormessagerecipientsarefollowedbyasudden

upsurgeofmainstreamadopters,followedfinallybyasmallernumberoflateradopters.This

curvetendstotrailoffasymptoticallyasitapproachesmaximumdiffusion–itrarelyreaches100

percentofallpossibleadoptorsorrecipients.

WearguethattheshapeoftheS-curveforinformationdiffusionisaveritablemapofthe

gulfthatseparatesinformationhavesfromhave-nots.Totheextentthatafewnodeshaveaccess

tosalientinformationlongbeforethemajority,anetworklacksinformationequality.By

contrast,thesoonerthemajorityofnodesreceiveinformation,thehigheranetwork’slevelof

informationequality.ThiscanbeobservedintheshapeoftheS-curve,asshowninFigure1.

Greaterinformationequalitywill“pull”thecurvetotheleft,whilelowerinformationequality

will“pull”ittotheright.Ahigherinformationequalitynetworkwouldbeoneinwhichthecurve

risessharplyandthentapersoffasallthemembersreceivetheinformation,ataboutthesame

time.Alowerinformationequalitynetworkwouldbeoneinwhichthecurverisesextremely

gradually,asonlyafewmembersreceiveinformation;andlongbeforethemajority.

Figure 1. DiffusionCurvesWithGreaterandLesserDegreesofInformationEquality

http://www.pdfdesk.com


ModelingInformationEquality12

Time

N
um

be
r/

pe
rc

en
ta

ge
of

no
de

s

More
Information

Equality

Less
Information

Equality

Theresearchheuristic,then,involvesmeasuringtheimpactoftwodependentvariables,

socialandmedialatency,ontheinformationequalityofagivennetwork.Weaimtodevelopa

modelthatwillfirstrecreatetheS-shapeofthediffusioncurve,andthenpredictvariationsinthe

shapeofthecurveasaresultofchangesinthecomponentfactorsofsocialandmedialatency.

Specifically,ourresearchquestionsare:

• Isthedegreeofinformationequalitydependentontheinterpersonalcommunication

infrastructure(medialatency)?

• Isthedegreeofinformationequalitydependentonthesocialnetworkstructure(social

latency)?

• Isthedegreeofinformationequalitydependentontheinteractionbetweenthe

interpersonalcommunicationinfrastructureandthesocialnetworkstructure?

Ourpresenttaskisnottopredicttheinformationequalityofanyspecificnetwork,but

rathertotesttheeffectivenessofourmodel.Tothatend,weareapplyingittothreeseparatedata
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sets,culledfromtheMetamorphosisProject(2002DataSet),ThePewInternetandAmerican

LifeProject(March-May2002DataSet),andtheUCLAWorldInternetStudy(2002DataSet).

Themeasureofoursuccesswillbe:

• ThedegreetowhichourmodelpredictsS-curvediffusionpatternsforeachof

thesedatasets.

• Theextenttowhichthedependentvariable,informationequality,respondsto

changesintheindependentvariables,socialandmedialatency.

Method

Ouragent-basedmodelingsoftware,calleddFusion,predictsthediffusionofamessage

throughanetworkbyfirstproposinginitialconditionsforthenetwork,andthenproposingrules

governingthewaysinwhichindividualnodeswithinthenetworkmayinteract.

Theinitialconditionsconsistofnodal,relationalandenvironmentalattributes.Thevalues

fortheseattributesaredeterminedstochasticallyatthenetworklevel,basedonquantitative

analysisofthethreedatasets.Nodalattributesincludesociodemographicvariables,aswellas

geographicpositioningwithinasquarematrixof200x200cells.Relationalattributesassignand

definethelinksbetweenthesenodes,relyinginpartontheirgeographicproximity.

Environmentalattributesmaptheexternalvariablesontothesocialnetwork.Inthis

modelsourcesexternaltothenetworkincludethemediavehiclesandthemessageconditions.

Forpresentpurposes,weareonlymodelingtheuseoftwocommunicationmedia:emailand

phone/face-to-face.Wecreatethisdichotomybecausethesemediafallonoppositeendsof

severalrelevantaxes.Researchershaveidentifiedparticularqualitiesthatdistinguishtraditional

formsofinterpersonalcommunicationfromnewerformsofcomputer-mediatedcommunication

likeemail.Priorresearch(Flanagin&Metzger,2001)hasbeenconducteduponsynchronicity,
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presence,andtheabilitytomulticast.Wemergephoneandface-to-facebecausetheyexhibit

similarcharacteristicsfortheaxesunderanalysis.

Emailisanasynchronousmedium,whilephoneandface-to-facecontactare

synchronous.Emailisalow-presencemedium,offeringuserslittlesenseof“beingthere,”while

phoneandface-to-facecontactarehigherpresencemedia.Emailisamulticastingmedium,while

phoneandface-to-facecontactarefarmorelikelytooccuronaone-to-onebasis.Finally,email

isanewandonlypartiallydiffusedmediumthatrequiresspecializedknowledgetooperate,

whilephoneandface-to-facecontactareavailabletoalmosteverybody.Eachofthese

distinctionsplaysakeyroleindeterminingwhichmediumanindividualnodewilluseto

communicatewithanothernodeinourmodel.Finally,weassignthemessageavalue

correspondingtoitslevelofsalience—networksalienceandpersonalsalience.

Oncetheinitialconditionsareestablished,wethensetrulesstatingunderwhich

conditionsagivennodewillattempttorelaythemessage,whomthenodewillrelayitto,which

communicationvehicleitusesfordisseminationpurposes,andfinally,whethertherecipientof

themessageisavailable.Thedecisionsmadearedependentuponthenetworkconditions,

describingthenodesandrelations,derivedfromthedatasets.Forexample,thechoiceofwhether

touseemailiscontingentonwhetherthesenderandrecipienthaveaccesstotheInternet,a

factorwhichisdeterminedforeachnodeineachmodelnetwork.Therulesthusfollowedare

whatMongeandContractor(2003)call“meta-rules”:

ameta-rulemayspecifythattherulesofinteractionmaydependonagent’s[sic]

attributes,thusallowingforthepossibilitythatdifferentagentsinthenetwork

followdifferentrules,potentiallyatdifferenttimes.(p.87)
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Theagent-basedmodelisthenactivatedbytheintroductionofmessageswithvarying

degreesofpersonalandnetworksalienceandrununderthevaryingconditionsdescribedbythe

differentdatasets.Thecomputationalmodelingtechniquewithstochasticvariablesrequiresthat

werunthesamemodelmultipletimesandthengenerateaveraged“realized”valuesselected

fromaprobabilitydistribution.Eachrunofthemodelthusconstructsauniquenetworkcreated

stochasticallyfromtheinputvariables,andtheemergentoutputs,realizedasdiffusioncurves,

arethenaggregatedoverthemultipleruns.

Results

Theagent-basedmodelwasrunforallthreedatasets.Eachdatasetwassubjecttoanalysis

underseveralpermutationsofvariablevalues.Specifically,messagesaliencewasbiasedtowards

highpersonalsalienceforhalftherunsandtowardshighnetworksalienceforhalftheruns.

Sociallatencywasvariedbetweenthreelevels(low,mediumandhighratioofstrongtoweak

ties)forhalftheruns,andcontrolledfortheotherhalf.Similarly,medialatencywasvaried

betweenthreelevels(correspondingtoemailusagepenetration)forhalftherunsandcontrolled

fortheotherhalf.Asaresult,eachdatasetwasrunwithtwelvevariablepermutationsatthe

outset.

Theresultsweremarkedlyconsistentacrossallthreedatasets.Foreaseofpresentation,

weshallonlydiscussthefindingsfromthePewInternetandAmericanLifeStudyhere,which

arerepresentativeoftheoverallfindings.Thegraphsfortheremainingtwostudies,theUCLA

InternetWorldstudyandtheMetamorphosisProject,areavailableonrequest.

Formessageswithrelativelyhighnetworksalience,increasesintheratioofstrongtiesto

weaktiesledtoreduceddiffusionofthemessage,ascanbeseeninfigure2.Theinformation

equalityofthecurvevariedaswell,howeveritdidnotvaryconsistentlyinonedirection.The
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curvedemonstratedgreatestinformationequality,movingfurthesttotheleft,inthecaseof

medium-levelstrengthoftiesratio.

Figure 2.Highnetworkmessagesalience,varyingratioofstrongtoweakties

Formessageswithrelativelyhighnetworksalience,increasesinthepenetrationofemail

ledtoincreaseddiffusionofthemessage,ascanbeseeninfigure3.Additionally,thecurve

movedtotheright,demonstratinglowerinformationequality,withincreasedemailusageinthe

network.
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Figure 3.Highnetworkmessagesalience,varyingpenetrationofemail

Formessageswithrelativelyhighpersonalsalience,increasesintheratioofstrongtiesto

weaktiesledtoreduceddiffusionofthemessage,ascanbeseeninfigure4.Thecurvemovedto

theright,indicatingreducedinformationequality,withincreasedratioofstrongtoweaktiesin

thenetwork.

Figure 4.Highpersonalmessagesalience,varyingratioofstrongtoweakties
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Formessageswithrelativelyhighpersonalsalience,increasesinthepenetrationofemail

ledtoincreaseddiffusionofthemessage,ascanbeseeninfigure5.Thecurvemovedtothe

right,indicatingreducedinformationequality,withincreasedratioofstrongtoweaktiesinthe

network.

Figure 5.Highpersonalmessagesalience,varyingpenetrationofemail

Inallcases,amessagewithrelativelyhighernetworksalienceachievedgreaterdiffusion

ascomparedtoamessagewithrelativelyhighpersonalsalience.Wecanobservethisresultby

comparinggraphs2and4,andgraphs3and5.

Discussion

Thisstudyhadverypromisingresults.Testingthesignificanceofanagent-basedor

cellularautomatamodelstatisticallyisdifficultatbestandvirtuallyimpossibleinmanycases.

However,suchmethodsarenotrequiredforthecurrentstudy.AsCorman(1996)writes,

communicationscholarsshouldnotmakethemistakeofputtingCAmodels

completelyunderthestrictureoftraditional,formalstatistics.CAmodelsare

amenabletotesting,buttheinterpretationofsocialprocessesasautomata,and
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theintuitivecomparisonofautomatictoactualcommunication,areequally

worthwhileforcommunicationresearchers.(p.209)

Consequently,Corman(1996)recommendsaninterpretivemethodrelyinguponthe

“qualitativejudgmentsofthemodelersandotherobservers”(p.207).Thevitalquestion

regardingthemodelis,“doestheautomatonlook,sound,and/orbehavelikethephenomenonin

question?”(p.207).

Ourmodeldoes,indeed,look,sound,andbehavelikethephenomenoninquestion.In

ordertoproduceamodelcapableofpredictinginformationdiffusionpatternsthroughasocial

network,weincorporatedfindingsfromdiffusionresearchandsocialnetworkanalysisintoa

frameworkthatcoupledsociallatencywithmedialatencyashighlevelindependentvariables,

andreplicatedthefindingsofknowledgegapanddigitaldivideresearch.Ourcriteriaforsuccess

werethedegreetowhichtheresultingdiffusioncurvesresembledtheS-curvetypicalof

diffusionprocesses,andthedegreetowhichtheshapeofthecurves,representinginformation

equality,wouldvaryasafunctionofchangestothecomponentvariablesofsocialandmedia

latency.

Bythesestandards,ourmodelwasquitesuccessful.Underavarietyofdifferentinitial

conditionscorrespondingwiththeuniquenetworkpropertiesdescribedbyourthreedatasets,the

modelconsistentlyproduceddiffusioncurveswiththe“S”shapedescribedbyRogers(2000)and

Bhargava,KumarandMukherjee(1993).Furthermore,bymakingchangestotheinitialvaluesin

ourtests,wewereabletopredictdiffusionpatternswithvisiblydifferentdegreesofinformation

equality.

Thesefindingssupportourassertionthatthedegreeofanetwork’sinformationequality

isdependentonbothsociallatencyandmedialatency.Additionally,theysupportGranovetter’s

http://www.pdfdesk.com


ModelingInformationEquality20

(1973)contentionregardingthe“strengthofweakties;”astheratioofweaktostrongtiesrises

inourmodel,theoverallmessagediffusionlevelincreases.Mostimportantly,theyofferpromise

thatstochastic,agent-basedmodelsofinformationdiffusioncanserveavitalroleinpredicting

thesocialeffectsofnewtechnologiesbeforeresourcesarecommittedtoupgradingthe

interpersonalcommunicationinfrastructure.

However,thisstudyisonlythebeginningofalongprocess.AsCorman(1996)notes,

“anygoodmodel-buildingeffortinvolvesrefinementofthemodeltomakeitmoreconsistent

withobservedphenomena”(p.205).Whileourcurrentmodelsuccessfullypredictschangestoa

network’sinformationequalitybasedonsocialandtechnologicalvariables,thescopeofthose

inputvariablesisstillratherlimited.Inordertomakethemodel“moreconsistentwithobserved

phenomena,”weplantoaugmentitconsiderablybeforetestingitfurther.Amongthebiggest

changeswehopetoincorporateintofutureversionsofdFusionare:

• Inclusionofmoresociodemographicvariables(e.g.race,age,gender)asnodal

attributes.Thesevariablesshouldinfluencethemodelaccordingtopatterns

predictedbysocialnetworkanalysis(e.g.homophily)anddigitaldivideresearch.

• Expansionofinterpersonalmediachannelsbeyondthecurrentdichotomy.While

weareconfidentinthedecisiontofocusonemailandphone/face-to-faceinour

currentmodel,amorediversearrayofcommunicationvehicles(e.g.instant

messaging,discreteface-to-faceinteraction)wouldclearlyincreaseits

verisimilitude.

• Inclusionofmassmedia.Television,radio,printmedia,andtheWebplay

fundamentalrolesindiffusionofinformation,evenviewedataninterpersonal
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level.Understandingtheinterplaybetweenthesemediaandinterpersonalmedia

willbeessentialinbuildingacomprehensivemodelofinformationdiffusion.

• Mobilenodesandgeographicclustering.Inourcurrentmodel,nodesinhabitfixed

positionswithincells,andtheirlocationswithinthegridaredeterminedrandomly

attheoutsetofeachmodelrun.Inordertotailorthemodelmoreeffectivelyto

networksunderconsideration,weplantogeographicallyclusternodesbasedon

actualpopulationdata,andtoallowthenodestomoveinspaceoversuccessive

timeintervals.

• Dynamicnodalandlinkattributes.Intherealworld,theattributesofnodes(e.g.

age,education)andlinks(e.g.strongvs.weakties)changeovertime,oftenasa

resultofeventswithinthenetwork.Futureversionsofourmodelshouldreflect

thispotentiality.

• Complexmessageattributes.Currently,dFusiononlyallowsasinglemessage,

introducedatasinglemoment,withasingleprobabilisticscoreforeachsalience

type.Futureversionsofthemodelwillallowmultiplemessages,introducedat

separatediscretemoments,eachwithadditionalattributestailoredtointeractwith

nodalattributes(e.g.messagesregardingretirementplansaremorelikelyto

appealtoolderindividuals).

• Behavioradoption.Ourcurrentmodelisfocusedexclusivelyoninformation

diffusion.ThisisonlythefirststepinRogers’(2003)5-stepdiffusionof

innovationprocess.Futureversionsofthemodelwillaimtopredictattitudinal

andbehavioralchangesaswell.
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• Naturalistictimeandspacecoordinates.Ourcurrentmodelreliesupona

monolithictimetableforallnodesandasquare200x200geographicgrid.Future

versionsofthemodelwillincorporatemorerealisticgeography,andaccountfor

differentialschedules(i.e.timezones)fordifferentnodesandregions.

Anotherchangewewilleventuallyhavetomakeismethodological:theinclusionof

statisticalanalysistools.WeagreeentirelywithCorman’s(1996)assertionthatCAmodelsmay

andshouldbeassessedqualitatively,ratherthanstatistically.However,weaimtoproducenot

onlybinaryresults(“Whichnetworkhasgreaterinformationequality?”),butgradedresults

(“HowmuchgreateristheinformationequalityofnetworkXthanofnetworkY?”).Towardthis

end,ournextstepwillbetodevelopanmodelforinformationdiffusionthatproducesa

measurablecoefficientdescribinginformationequality,thusallowingustocomparedifferent

networksandconditionsmathematically.Suchrefinementswouldallowthoseusingourmodel

tomakeinformedcost-benefitanalysesregardingtheefficacyofinvestinginnew

communicationtechnologies.

Finally,weaimtoverifyourmodelbyconductingcontrolledfieldexperimentsdesigned

toassesstherelationshipsbetweensociallatency,medialatencyandinformationequality.

Micro-levelanalysesofactualdiffusionprocesseswillultimatelyaidusinconstructingamodel

thatcansuccessfullyandconsistentlypredictemergentmacro-leveldiffusionpatterns.
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