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ABSTRACT

Socialscienceresearchisconcernedwiththestudyofprocessesandphenomenainhumansocieties,
institutionsandorganizations.Socialphenomenaarecomplexduetomanynon-linearinteractions
between their elements. Social simulation represents a new paradigm for understanding social
complexitywithapproaches thatuseadvancedcomputational capabilities.The successof social
simulationislargelyduetoitscapabilitytotestandvalidatehypothesesofsocialphenomenaby
theconstructionofvirtuallaboratories.Thispaperprovidesanintroductiontosocialsimulationand
discussesapproachestomodelcomplexsocialphenomena.
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INTRoDUCTIoN

Socialscienceresearchisconcernedwiththestudyofprocessesandphenomenainhumansocieties,
institutionsandorganizations.However,thisprocessesandphenomenainhumansocietiesarecomplex
duetomanynon-linearinteractionsbetweentheirelements(Gilbert,2004).Socialsimulationcan
helptounderstand,testandvalidatehypothesesofsocialphenomenabytheconstructionofvirtual
sociallaboratories.Socialsimulationisaresearchfieldemergingfromtheintersectionofcomputer
science,statisticsandsocialsciencesinwhichnewcomputerandmathematicalmethodsareused
toanswersocietalquestions(Sallach&Macal,2001).Thefieldisintrinsicallycollaborative:social
scientists provide a vital context and insight into relevant research questions, data sources and
methodsofacquisitionwhilestatisticiansandcomputerscientistsprovideexpertise,indeveloping
amathematicalmodelandcomputertools.Theuseofcomputersinsocialsciencesisalmostasold
ascomputersingeneral.Thisispartlyduetothefactthatsomeofthepioneersofcomputerscience,
suchasJohnVanNewmanwhowasamongthefoundersofgametheory,wereatthetimethepioneers
intheformulationofsocialsciences(VonNeumann&Morgenstern,1947).Inaddition,Herbert
A.Simon,oneofthepioneersintheformalizationofsocialsciences,wasamongthefirsttoadopt
computer-assistedmethodstoconstructsocialtheories(Simon,1959).

Socialsimulationisderivedfromtheinterestsofpsychologists,sociologists,anthropologists
andsomeeconomistswhoareinterestedinthestudyofbehavioralpatternsandsocialphenomena
(Axelrod,1997b;Billarietal.,2008).Itallowstheanalysisofstructuresandsocialorganizations
regroupingasetofactors(individuals,animals,etc.)ininteraction.Simulationisdescribedasthethird
wayof“doingscience”,complementarytothetwostandardmethodsinsocialsciences,inductionand
deduction(Axelrod,1997a,Blaschke,2008andOstrom,1988).AccordingtoGilbertandTroitzsch
(Gilbert,1999),thegoalofsimulationistobetterunderstandaphenomenonortopredicttheevolution
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ofasystem.Simulationalsoallowsustostudyquitefinelydynamicprocessesthatnaturallytakeinto
accountthetemporalevolution.Researchershaveoftenbeeninterestedinsimulationasamethod
ofdevelopingandtestingsocialtheories.Hence,NigelGilbertandDoran(Gilbert&Doran,1994)
demonstratedthatcomputersimulationisanappropriatemethodologywheneverasocialphenomenon
isnotdirectlyaccessible.

Social simulation representsanewparadigmforunderstandingsocialcomplexity. Itapplies
approachesthatuseadvancedcomputationalcapabilities(Cioffi-Revilla,2014).Socialsimulation
referstomanycomputer-basedtools(Suleiman,Troitzsch&Gilbert,2012)rangingfrominformation
extraction, algorithms to computer simulation models, as well as concepts and theories. Social
simulationalsousesstatisticalandmathematicalmethods(DeMarchi,2005),andinsomecasesother
methodssuchasgeo-spatialmethods(Crooks&Castle,2012)visualization(Grignard&Drogoul,
2017)tounderstandsocialcomplexity.Thisnewparadigmallowsthestudyofdynamicsofallsizes
ofsocialgroups(Axelrod,1997a;Billarietal.,2008;M’hamdietal.,2017;Nemiche&Pla-Lopez,
2000;Nemiche&Pla-Lopez,2003;Nowak&Lewenstein,1996;Pla-López,1989,Pla-Lopez,2007;
Turchin,Currieetal.,2013).SocialsimulationisasubfieldofComputationalSocialScience(CSS)as
wellasAnalysisofSocialNetworksandComplexSystemswhicharethemostwell-knownresearch
axesinCSS(Cioffi-Revilla,C,2014).TheroleofCSSistoformalizetheoryinordertoexpress,study,
experiment,anddevelopourunderstandingofsocialcomplexitywhichissomethinginaccessible
bythetraditionalmethodsofsocialsciences(Axelrod,1997a;Cioffi-Revilla,2014;Ostrom,1988).

Themotivationsthatencouragesocialscientiststousecomputationalmethodscanbesummarized
intwopoints.Thefirstpointisthenonlineardynamicsofsocialprocessesthatgenerallycharacterize
socialsystemsascomplexsystems(Axelrod,1997a;Conte,HegselmannandTerna,2013;Edmonds
&Meyer,2015;Gilbert,1999;Gilbert,2007;Goldspink,2000;Koch,2016;Mason,Vaughan,&
Wallach,2014;Nemiche&Essaaidi,2016;Ostrom,1988;Simon,1959;Troitzsch,1997).Thesecond
pointistheconsequencesoftechnologicalprogresswhichhaveincreasedtheamountofsocialdata
circulatingondigitalmediaandthecapacityforcomputingwhichleadtothecomplexityofsocial
systems(Rokach&Maimon,2014;Wuetal.,2014).

Mathematicshassometimesbeenusedasameansofformulationinthesocialsciences(De
Marchi,2005),butithasneverbeengeneralizedexceptinsomepartsofeconometrics.Thereare
severalreasonswhysimulationismoreappropriateforformulatingsocialsciencetheoriesrather
thanmathematics(Taber&Timpone,1996).First,programminglanguagesaremoreexpressiveand
lessabstractthanmostmathematicaltechniques,atleastthoseaccessibletonon-specialists.Second,
programstreatparallelprocesseswhichareimpossiblewithmathematicalequations.Third,programs
are(orcaneasilybe)modular.So,majorchangescanbemadeinonepartwithoutchangingother
partsoftheprogram.Mathematicalmodelsoftenlackthismodularity.Finally,itiseasytobuild
simulationsystemsthatincludeheterogeneousagents.Forexample,tosimulatepeoplewithdifferent
perspectivesontheirsocialreality,differentknowledgebases,differentabilities,makesitdifficultto
usemathematics(Gilbert,&Troitzsch,2005).

Thedesigncycleforsimulationgenerallyhasthreedistinctphasesasshown(Axelrod,1997a;
Bonabeau,2002;Cioffi-Revilla,2014;Epstein&Axtell,1997;Gilbert&Terna,2000):themodeling
step,whichistoconstructingthemodelofthephenomenontobestudied.Theexperimentationstep,
whichaimstosubmittingthismodeltoacertaintypeofvariationandthevalidationstep,which
consistsinconfrontingtheexperimentaldataobtainedwiththemodeltothereal-lifedata.

Theconstructionofamodelisalwaysbasedonatheorythatis,inclassicalsimulation,anabstract
descriptionofcertainaspectsofthephenomenon.Eachmodelwillbeasimplification-sometimes
adrasticsimplification-ofthetargettobemodeled.Themostdifficultstepindesigningamodelis
todecidewhatshouldbeleftoutandwhattoinclude(Cioffi-Revilla,2014).Ingeneral,theaccuracy
(intermsofthenumberofdatapointsandhypothesesintegratedinthemodel)isimportantwhen
thegoalisprediction,whereassimplicityisanadvantageifthegoalisunderstood(Axelrod,1997a).
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