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ABSTRACT

Virtualsocialnetworkisakindofsocialnetworkestablishedthroughindirectinteractionsbetween
individuals,especiallythroughonlineinteractions.Virtualsocialnetworkhassignificantimplications
onbusinessoperations,governing,scientificresearch,andsocialrelations.Thispaperdescribesseveral
virtualsocialnetworksandstudiestheirpropertiesandeffectsusingempiricalapproachandcomputer
simulations.Furthermore,theauthorsfindthatthesevirtualsocialnetworkshavesimilardistributions
withrespecttothefrequencyofnodesanddifferentedges.Thesedistributionsaresimilarbetween
directednetworksandundirectednetworks.Inaddition,throughsimulationstheydemonstratethat
therolesplayedbydifferentnodesinavirtualsocialnetworkareunequal.Limitationsofthisstudy
andfutureresearchdirectionsarealsopresented.
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INTROdUCTION

Humanbeingsareasocialspeciesthatreliesoninteractionsandcooperationtosurviveandthrive
(Editorial,2018).Thesocialinstitutionsandorganizationsformedbyindividualhumanbeingsalso
needtocoordinateandcollaboratetomaintainordersofthesocietyandsupportoperationsofthe
business(Fowler&Christakis,2010). Interactionsbetweenindividualsorbetweenorganizations
couldalsohavenegativeeffects,suchascompetitions,confliction,andopposition.Theinteractions
(positive and negative) between these social actors (individuals or organizations) form a social
network(Carringtonetal.,2005).Asocialnetworkbasicallycontainssocialactorsandsocialrelations
betweenactors,andtheycanbegraphicallydescribedasnodes(actors)andedges(relations)(Knoke
&Yang,2019).

Thestudyofsocialnetworkscanhelpusidentifyhiddensocialrelations,uncoverlocalandglobal
relationpatterns,locateinfluentialactors,andexaminesocialdynamics(Wasserman,1994).These
findingscouldpotentiallyhelpbusinessenhanceitsoperations,governmentimproveitsmanagement,
andorganizationsandinstitutionsbetterallocateresourcesandachievetheirobjectives(Afuah,2013;
Freeman,2004).

Virtualsocialnetworkisalsoformedbysocialactors(Parks,2010).However,inthisnetwork
thesocialrelationsbetweenactorsarevirtual,whichmeanstheactorsareconnectedindirectly,often
throughonlineinteractions(Blattner&Fiori,2011).Examplesofvirtualsocialnetworksincludesocial
medianetwork,buyer-sellerratingnetwork,andP2P(Peer-to-Peer)businessnetwork(Freedman&
Jin,2008).Relativelyspeaking,virtualsocialnetworkismorecomplexthanthetraditionalsocial
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network(Pottsetal.,2008).Thisismainlyduetothescaleofvirtualsocialnetworks.Forexample,
aregularnode(actor)mighthaveatmosthundredsofedgesinatraditionalface-to-facecoworker
network.However,anode(actor)inaTwitterFollowernetworkmighthavemillionsofincoming
edges(Watanabe&Suzumura,2013).Therefore,virtualsocialnetworkanalysisismorechallenging
thanthetraditionalsocialnetworkanalysisduetoitslargescale(Naziretal.,2008).

Inthispaper,wefirstdescribeseveralvirtualsocialnetworks,includingDBLPcoauthornetwork,
GoogleScholarcitationnetwork,Amazonproductco-purchasenetwork,andseveralTwitternetworks.
Next,weperformanempiricalstudyonthesenetworks.Somepropertiesaboutthesenetworksare
analyzed andpresented.Finally,wediscuss the implicationsof thesevirtual social networkson
businessmanagement,governmentoperation,andsocialrelations.

Theremainderofthispaperisorganizedasfollows.Wefirstreviewthetheoreticalframework
andrelatedliterature.Wethendescriberesearchobjectives,thedatasource,andthedataminingand
dataanalysisprocess.Next,wepresenttheresearchmethodology,followedbytheempiricalanalysis
andfindings.Finally,conclusions,limitations,andfutureresearcharepresented.

THEORETICAL FRAMEwORK

Asocialnetworkisanetworkstructuremadeupofnodesandedges.Insocialnetwork,nodesarecalled
socialactors(suchasindividualsororganizations)andedgesrepresenttherelationsorinteractions
betweenactors.Theedgescouldbedirectedorundirected,whicharedeterminedby the typeof
relationsorinteractionsbetweenactors.Thestudyofsocialnetworkcouldhelpusrevealhidden
networkpatterns,discoverinfluentialactors,andunderstandinstitutionalandorganizationaldynamics.

Social network study has been conducted in many areas, such as communication, business,
criminalactivity,language,art,community,andsoonandsoforth.Inthenextsectionofthisarticle,
relatedworkwillbereviewed.

The theoretical (mathematical) framework of social network analysis is graph theory. In
mathematicsandcomputerscience,graphtheoryisthestudyofgraphs,whichareabstractstructures
usedtomodelpairwiserelationsbetweenobjects.Agraphisdefinedtobemadeupofvertices(nodes)
whichareconnectedbyedges(links).Therearetwokindsofgraphs:undirectedgraphanddirected
graphs.Manyproblemsregardinggraphshavebeenstudies,suchgraphcoloring.Accordingly,many
researchmethodshavebeenproposedandpracticed.Therefore,thereareplentyofresearchtools
availableforgraphanalysis.

Graphtheoryhasmanyapplicationsindifferentdomains,includinglinguistics,physics,chemistry,
biology,andsocialscience.Therefore,graphtheorycanalsobeappliedtosocialnetworkanalysis.
Thestudyperformedinthisarticleisbasedongraphtheory,modelfitting,andstatisticalanalysis.

LITERATURE REVIEw

Virtualsocialnetworkhasbeenstudiedextensively.Inthispaper,wewillreviewrelatedworkon
communication network, social media network, coauthor network, e-business and e-commerce
network.

Twodecadesago,MicrosoftMessengerwasapopular instant-messagingprogram.Once, its
numberofusershasreached300million.Therefore,communicationvirtualnetworkswereformed
throughMicrosoftMessenger.Leskovec&Horvitz(2007)presentedastudyofMicrosoftInstant
Messengernetwork,whichisdefinedbyuserinteractionsanddemographics.Theyfoundoutthatthe
networkgraphhasaneffectivediameterof7.8,andishighlyclustered,withadecayingcoefficient.
Theyalsofoundout thatpeoplewithsimilarcharacteristics tendtocommunicatemorewithone
another,withtheexceptionofgender,wheretheyfoundoutthatcross-genderconversationsareboth
morefrequentandoflongerdurationthanconversationswiththesamegender.Intheirotherstudy,
Leskovec&Horvitz(2008)examinedcommunicationactivitiesoftheMicrosoftMessengernetwork.
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