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A bstract

W e studytheevolutionofpreferences viapayo¤ monotonicdynamics in strategicenviron-

mentswithandwithoutcompleteinformation. Itis shownthat, withcompleteinformationand

subgroup matching, empiricallyplausible interdependentpreferencerelationsmayentailthelo-

calinstabilityofindividualisticpreferences (whichtargetdirectlythemaximizationofmaterial

payo¤s/…tness). T hesaid instabilitymayeven beglobalifthesubgroup size is largeenough.

In contrast, underincomplete information (unobservabilityofpreferencetypes), weshowthat

independentpreferences aregloballystableinalargesetofenvironments, andlocallystablein

essentiallyanystandardenvironment, providedthatthenumberofsubgroupsthatform inthe

societyislarge. Sincetheseresultsareobtainedwithinthecontextofaverygeneralmodel, they

maybethoughtofas providingan evolutionaryrationale fortheprevalenceofindividualistic

preferences.
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1 Introduction

Traditionaleconomicanalysis takes the individualpreferences as an exogenous datum and does

notconsidertheirparticularform as arelevantobjectofstudy. M oreover, thereappears tobea

consensus inthe…eldaboutwhichtypeofpreferences toallowineconomicmodels. T heworking

assumptionofavastmajorityofeconomistsonthisregardisthatanindividual’sbehaviorisguided

bythesolemotiveofthemaximizationofone’sownmaterialpayo¤s. H owever, thisassumptionhas

recentlycomeunderseverecriticism inlightoftheevidenceobtainedfrom numerous experiments

thatinvolvestrategicsituations. Inturn, thishasledmanyeconomiststoconsideralternative(non-

individualistic)preferencestructuresthatyieldpredictionswhichaccordbetterwiththeexperimental

regularities.1 Itappearsthattimehascometocriticallyexaminethevalidityofexclusivelymodeling

one’spreferencesas“individualistic”(i.e. independentofothers’payo¤s), andtoaskdeeperquestions

aboutthebasisandplausibilityofalternativepreferencestructures.

O nenaturalapproachtoaddressingthis issueis toadoptanevolutionaryperspectiveandask

thefollowingquestion: W hattypeofpreferencesareevolutionarilystable, inthesenseofinducing

materialpayo¤s atleastas high as anyalternative “mutant” in anygiven environment? Ifone

subscribestothewidelyheldviewthat

(i) success(reproductiveorotherwise) isanincreasingfunctionofmaterialpayo¤s, and

(ii) individualpreferencesareinheritedeitherbygenetictransmissionand/orimitation,

anyclear-cutanswertothisquestionwillprovideauseful“evolutionaryrationalization” ofcertain

preferencestructures(atleastinsomeenvironments). T his ispreciselytheapproachadoptedhere.2

Sincethegoals ofagents with individualisticpreferences maybeconceived identicaltothose

ofnaturalselection (i.e. themaximizationofmaterialresources), theevolutionaryapproachhas

beenoftenusedineconomicstojustifytheassumptionofmaterialpayo¤ maximization(cf. Fried-

man, 19 53). H owever, itturnsoutthatthis lineofargumentis nottruewithoutsomenon-trivial

quali…cations, foritis possiblethatnon-individualisticpreferences aremateriallymorerewarding

thanindividualisticpreferences incertain strategicenvironments. Forinstance, ifthedynamicsof
1See, amongothers, B oltonandO ckenfels (19 9 8), FehrandSchmidt(19 9 8 ) andL evine(19 9 8).
2 A nalternative(andbyallmeans complementary) approachwouldbetomodeltheformationofpreferences via

positingthatpreferences are transmitted through generations bymeans ofthe socialization actions oftheparents.

W hilemostlyprominentinthe…eldofculturalanthropology, this culturalevolutionary approachhas received some

attention from economists as well. Forinstance, the recentworkby B isin and Verdier(19 9 8 , 19 9 9 ) focus on the

implications ofmodelingthe intergenerationaltransmission ofculturaltraits (and, in particular, preferences) as a

resultofthedeliberateinculcationattemptsofrationalparentswhoevaluatetheexantewell-beingoftheirchildren

byusingtheirownpreferences. W ereferthereadertoSelten(19 9 1) foralivelycomparisonofthegeneticandcultural

approaches.
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evolution takes placethrough pairwiserandom matchingand/orlocalinteraction, thenaltruistic

preferencesmaywellbeevolutionarilystable(FershtmanandW eiss, 19 9 8 , B esterandG üth, 19 9 8 ,

andEsheletal., 19 9 8). Inasimilarvein, Koçkesenetal. (19 9 8 , 19 9 9 ) showthatifallagentsinteract

witheveryotheragentsimultaneously, thennegativelyinterdependent(spiteful) preferenceshavea

sharpevolutionaryedgeagainstindividualistic(sel…sh)preferencesinalargeclassofstrategicmodels

(thatcontain, forinstance, thecommonpoolresourceandpublicgoodgames). T heevolutionary

caseforindividualisticpreferences isthusnotatallstraightforward.

Inthispaper, weaim tolayoutanevolutionaryfoundationforindividualisticpreferences. W e

shallarguethattheconclusionsreachedbytheabovecitedstudiesdependcruciallyontheimplicit

assumptionthatpreferencesarecommonknowledge(i.e. theunderlyinggameisoneofcompletein-

formation). Intuitively, undercompleteinformation, non-individualisticpreferencesserveascredible

commitmentdevices, andhenceitis notsurprisingthattheymayprovepro…tableintermsofthe

intrinsic(material)payo¤sofagivengame. H owever, underincompleteinformation(moreprecisely,

underunobservabilityofpreferences), theyloosecredibility, andas we intendtoshow, theymay

consequentlybedominatedbyindividualisticpreferences inalmostanyenvironment.

Tobemoreprecise, considera…nitepopulationinwhicheachindividualhas eitherindividual-

isticoranarbitrarily…xedtypeofnon-individualisticpreferences. Supposeaswellthatagentsare

randomlymatchedinsubgroupstoplayagivensymmetricgameinstrategicform, andassumethat

thetwotypesofpreferencesunderconsiderationhavedi¤erentequilibrium implicationsinthisgame

(sothattheyarebehaviorallydistinguishable). L ooselystated, thequestionthatweaskisthis: H ow

dothe(expected) materialpayo¤s oftheindividualisticandnon-individualisticagentscomparein

equilibriumatvariouspopulationcompositions?A smightbeexpected, itturnsoutthattheanswer

dependscruciallyonthefollowingtwoconsiderations: (i) theextentofinformationagentshaveon

the“type” oftheiropponents;(ii) thenumberofsubgroups inthesociety.

Inwhatfollows, we…rsttakeup thecomplete information scenarioinwhichweassumethat

thetypesofeachindividualareperfectlyobservable. B uildingupontheearlierresultsofKoçkesen

etal. (19 9 9 ), weshowthat, inavarietyofeconomicenvironments, individualisticpreferencesare

locallyunstable. Putmoreconcretely, weprovideexamplesofclassesofgames inwhich“spiteful”

agents obtainmorematerialpayo¤s thanmaterial-payo¤ maximizingindividualisticagents inany

equilibrium, atleastwhentheformerrepresentasmallfractionofthewholepopulation. W ealso

showthat, dependingontheparticularsoftheenvironment, individualisticpreferencesmayevenbe

dominatedglobally, i.e. irrespectivelyofthefrequenciesofeachtypeinthepopulation.

O urmainconcerninthis paperis, however, tounderstandthearguablymorerealisticscenario

inwhichindividualsdonotobservetheiropponents’preferencesbuttheyareonlyinformedofthe
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overallpopulationfrequencies. Insuchanincomplete-informationsetup, therelativemagnitudesof

thepopulationandsubgroupsizesbecomeimportantsincetheydeterminethee¤ ectiveuncertainty

experiencedbyanyplayerinpredictingheropponents’types. T hus, ifthesubgroupsarerelatively

large (and the e¤ectivematchinguncertainty is therefore small), the conclusions obtained under

perfectobservabilityarerecovered, i.e. interdependentpreferencesprevailinawideclassofeconomic

environments. O ntheotherhand, ifthesubgroupsarerelativelysmallcomparedtothepopulation,

matchinguncertaintydoes have“bite,” and in this case, wereachtoaverydi¤erentconclusion:

only individualisticpreferences can survive in the longrun underanymaterialpayo¤ -responsive

evolutionary process. W eviewthis resultas abenchmarkthatprovides arigorous evolutionary

rationaleforindividualisticpreferences. Itisworthstressingthat, incontrastwiththeearlierresults

obtainedintheliterature, thisobservationremainsvalidinanygamethatsatis…escertainstandard

convexityandcontinuityconditions, andwhatismore, itapplies“globally”withinaverylargeclass

ofenvironments.3

T hepaperisorganizedasfollows. InSection2 weintroduceageneralmodelinwhichthestability

ofindividualisticpreferencesisanalyzedunderthehypothesisofperfectobservabilityoftypes. Inthis

sectionweprovideanumberofexamplesthatdemonstratehoweasilycanindividualisticpreferences

be“beaten” byothers intheirownturf(i.e. interms ofmaterialpayo¤s). In Section3, weprove

twogenerallimitresultswhichestablishtheevolutionarysuperiorityofindividualisticpreferences

underthehypothesis ofimperfectobservabilityoftypes. A numberofcaveatsandsuggestions for

futureworkarecontainedintheconcludingSection4.

2 StabilityofIndividualismunderCompleteInformation

In this sectionweshallintroduceanevolutionaryframeworkinwhichonecan studythestability

properties ofdi¤erenttypes ofpreferencestructures, inparticular, thestabilityofinterdependent

preferences. O uraim is todemonstratethatthereis noreasontoviewsuchpreferences as evolu-

tionarilystable, providedthatevolutionarydynamicstakesplaceinasettinginwhichallindividuals

observeperfectlythetypesofeveryotheragent.

B yapre-environment, wemeana4-tuple¡´(n;k;X ;¼), where

(i)n2f2;3;:::g;
3A localversion ofthis resultis obtained by D ekeletal. (19 9 8) whoworkwith …nite games and continuum

populations (see alsoElyand Y ¬lankaya, 19 9 7 , and G üth and Peleg, 19 9 7 ). W hile themain emphasis ofD ekelet

al. (19 9 8) is notontheevolutionofpreferences perse butratheronthe implications ofthis notion forprevailing

behavior, therearesomesimilaritiesbetweentheresultsobtainedbytheseauthorsandthosereportedhere. W eshall

thuselaborateontherelationbetweeneachofthem inthesequel(cf. R emark4 inSection3).
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(ii)k2f2;:::;ng isadivisorofn;

(iii) X isanynonemptyset,

(iv) ¼ :X k ! R isanyfunction.

W eviewN ´f1 ;:::;ngasapopulationofn individualswhichisrandomlymatchedinton=kmany

subgroupsofsizek:Soifk=2;wetalkofapairwiserandommatchingenvironment, andifk=n, we

talkofaplayingthe…eldenvironment. O ncethematchingtakesplace, theplayersofeachsubgroup

fi1;:::;ikg playak-persongameinwhich¼(xì;x¡ì)standsforthematerialpayo¤ s thattheplayer

ì obtainsattheactionpro…lex:T hefunction¼ is thusthoughtofasmeasuringtheaccessofan

individualtoresourcesthatmayenhancereproduction. A lternatively, onemaythinkof¼(xì;x¡ì)

asadirectmeasureofthe…tness ofplayerì atx:

W e refertoan individualwhotargets solely themaximization ofhermaterialpayo¤s as an

individualistic (orindependent, ormaterialist) player. A playerj 2 fi1;:::;ikg;however, neednot

viewthemappingx7! ¼(xj;x¡j)asheractualobjectivefunction. Instead, wepositthatthepayo¤

functionofjmayberepresentedbymeansofanalternativemappingx7! ½(xj;x¡j), inwhichcase

wesaythatj isanon-individualisticplayer.

Consequently, wede…neanenvironmentasa2-tupleE=(¡;½);where¡isapre-environment,

and½ :X k ! R isanyfunction. Sinceastabilityanalysis ismeaningfulonlyinthecaseofpolymor-

phicpopulations, wede…neapopulation composition asavectoroftypest=(t1;:::;tn)2 f¼;½gn

suchthatt1 = ¼ andtn = ½: T hus, byde…nition, apopulationcompositioncontains atleastone

individualisticandonenon-individualisticagent. O urconventionistoletindividual1 possess indi-

vidualisticpreferenceswhilekeepingindividualnnon-individualistic. G ivenoursymmetricsetting,

thisconventioniswithoutlossofgenerality.

G ivenanenvironmentEandapopulationcompositiont;theplayersofeachsubgroupfi1;:::;ikg
playthek-persongameinstrategicform Gfi1;:::;ikg(t)́ (fX ;ujgj= i1;:::;ik), where

uj(x)́

8
<
:

¼(xj;x¡j); iftj=¼

½(xj;x¡j); iftj=½
(1)

forallx2 X kandj= i1;:::;ik: N oticethatiftj=¼ forallj;thenthisgameisasymmetricgame

playedbyindividualisticplayerswhomaximizetheirmaterialpayo¤s. T hesetofallpure-strategy

N ashequilibriaofGfi1;:::;ikg(t)isdenotedbyN (Gfi1;:::;ikg(t)):

L etAdenotethek-elementsubsetsoff1 ;:::;ng;andde…ne

A¼ ´fA 2A:1 2Ag and A½ ´fA 2A:n2Ag: (2)

W enextde…nethefollowingsetofequilibriumoutcomevectors:

Nk(t)́ f(xA)A2A :xA 2 N (GA(t))g:
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A vector(xA)2 Nk(t)simplyspeci…es anequilibrium outcomeineverypossiblegameplayedby

kindividuals. T hus, theexpectedpayo¤ ofanindividualisticplayerpriortotherealizationofthe

subgroupmatchingis:

©¼(t;(xA))́
1
jA¼j

X

A2A¼
¼(xA1 ;x

A
¡1); (3)

provided thatthemembers ofeach subgroup A 2 A¼ (thatcontains atleastone individualistic

player)coordinateontheequilibriumxAwhenplayingGA(t):Similarly, conditionalonanequilibrium

selection(xA)2Nk(t);theexpectedpayo¤ ofanon-individualisticindividualis

©½(t;(xA))́
1
jA½j

X

A2A½
¼(xAn ;x

A
¡n) (4)

foranypopulationcompositiont.

W earenowreadytostatethefollowingtwostabilityconcepts, bothofwhicharerootedinthe

widelyusedmaterial-payo¤ monotonicityproperty.

D e…nition1. L etE=(¡;½)beanyenvironment. Theindividualisticpreferencesaresaidtobe

locallyunstable inE;if

©¼(¼;:::;¼;½;(xA))< ©½(¼;:::;¼;½;(xA)) forall(xA)2Nk(¼;:::;¼;½):

W esaythatindividualisticpreferencesareexterminatedby½;if

©¼(t;(xA))< ©½(t;(xA))

forall(xA)2Nk(t)andallpopulationcompositions t:

Inwords, wesaythatindividualisticpreferences arelocallyunstable inEifa“mutant” non-

individualisticagentobtainsahighermaterialpayo¤ thantheaveragematerialpayo¤ oftheindi-

vidualisticagents acrossallmatchingcontingenciesandforanyequilibrium. T heintuitionbehind

thisde…nitionisthatmutationsaresorarethattheyoccurinonlyasingleindividualatatimeand

thatthenumberofo¤springthateachparentleavesbehindisanincreasingfunctionofthematerial

payo¤s sheearnsthroughheradulthood. T hus, materialpayo¤s (ormoredirectly, …tness) canbe

consideredas the“currency” ofnaturalselection. T hetypethatis onaveragemoresuccessfulin

termsofthiscurrencyisregardedmorehighlybytheforcesofevolution. Itisthennaturaltofocus

onindividualisticpreferencesinthetheoryofpreferenceevolution, fortheownersofsuchpreferences

areuniqueinthattheymeasuresuccess intermsofthe“right” evolutionarycurrency.

Yetitisnotdi¢culttoseethatindividualisticpreferencesarelocallyunstableinavastplethora

ofenvironments. Infact, inessentiallyanyenvironmentwithpairwiserandommatching, thereexists
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analternativepreferencerelationthatwouldyieldahigherexpectedmaterialpayo¤ toits owner

relativetoindividualisticpreferences. T hiselementaryfactisformalizedinthenextexample.

Example1. Consideranyenvironment¡´(n;2;X ;¼)(withpairwiserandommatching) such

thatthe2-person symmetricgame(fX ;ujgj= 1;2);whereuj(x)= ¼(xj;x¡j);x2 X 2 ;has …nitely

manypurestrategyequilibria.4 D enotethehighestmaterialpayo¤ thataplayermayreceive in

equilibriumofthisgamebyu¤:Forsimplicity, assumenextthatthebestresponsemap B :X ! X

ofplayer1 is single-valued: fB (b)g=argmaxa2X ¼(a;b)foreachb2 X :Clearly, wehave

¼(a;B (a))̧ u¤ forsomea2 X : (5)

Inwhatfollows, wepostulatethat¼ hasthefollowingadditionalproperty:

¼(a;B (a))> u¤ forsomea2 X : (6)

W ethereforerestrictourattention togames inwhichaStackelbergleader(inourcaseplayer2)

bene…tsstrictlyfrom beinga…rst-moverintermsofmaterialpayo¤s.5

N owde…nethefunction½ :X 2 ! R by

½(a;b)´

8
<
:

1 ; ifa2argmaxc2X ¼(c;B (c))

0 ; otherwise,

andconsiderE=(¡;½)asanenvironment. By(??), forany(xA)2N2(¼;:::;¼;½);wehave

©¼(¼;:::;¼;½;(xA))·
µ
n¡2
n¡1

¶
u¤+

µ
1

n¡1

¶
¼(B (a¤);a¤) and ©½(¼;:::;¼;½;(xA))=¼(a¤;B (a¤))

forsomea¤2X with¼(a¤;B (a¤))> u¤:Itreadilyfollowsthatindividualisticpreferencesarelocally

unstableinE:6¥

T hereisasenseinwhichExample1 isnotconvincing, however. Indeed, thenon-individualistic

preferencerelationconsideredinthisexampleiscompletelygamespeci…c, andisclearly“tailored”to

domateriallybetterthantheindividualisticpreferencesintheequilibriumof2-persongames. Inthe

contextofpreferenceevolution, itmaynotbesuitabletofocusonallpreferencesthatarede…nedon

theactionspaceX ;forsuchpreferencesmaybemeaninglessinavarietyofenvironmentswithaction
4M oregenerally, wemayassumethatthesetofequilibrium payo¤softhisgameiscompact.
5T his is ofcourseaverymild requirement, andthere is asense inwhich itholds generically. In particular, this

requirementdisallowsenvironmentssuchasthosewithconstant¼:
6N oticethat, byvirtueof(??), © ½(¼;:::;¼;½) ¸ © ¼(¼;:::;¼;½) holds even ifthepre-environmentdoes notsatisfy

(??). T hus, wemaysaythatindependentpreferences failtobelocallystable inessentiallyany environment, while

theymaybestableinthesenseofL iapunovinsomeenvironments.
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spacesthatdi¤erfrom X . Instead, itmaybearguedthatpeopleare, say, eitheraltruistornot;that

is, theyplayalargeclassofgames(ifnotall)withthesamepreferencerelation. T hisidealeadsone

toconsiderpreferencerelationsthatdependontheoutcomesonlythroughtheinduceddistribution

ofpayo¤s. Such interdependent preferences donotdepend on the underlyingenvironmentand

includethemoststandardformulations ofaltruistic, reciprocaland spitefulpreferences (cf. Sethi

andSomanathan, 19 9 9 ).

T hequestionthen is ifthe instabilityofindividualisticpreferences canbeobtained inaneco-

nomicallyinterestingclassofenvironmentsthatinvolvemeaningfulinterdependentpreferences. T he

answerturnsouttobeyes. A mongothers, therecentresultsduetoKoçkesenetal. (19 9 8 , 19 9 9 )

showthatthereisalargeclassofplaying-the-…eldtypeenvironmentsinwhichquitereasonable(in-

terdependent) preferencestructures candriveindividualisticpreferences evenintoextinction. T he

followingexampleaimstodemonsratethispoint.

Example2. Consideranypre-environment¡=(n;n;R + ;¼)suchthat

¼(a1;:::;an)=a1
µ
h
µ

nP
i= 1

ai
¶
¡1

¶
; ai¸0 ; i=1 ;:::;n;

forsomedi¤erentiableh:R + ! R + :T hepre-environment¡canthenbethoughtofasasituation

inwhichtheentirepopulationinteractsthroughacommon-poolresourcegameinwhichindividual

jreceivesashareofthetotaloutputthatisproportionaltohershareofaggregateextractione¤ort.

W ethus thinkofxjand
P

xias theextraction e¤ortexerted by individualj andtheaggregate

extractione¤ort, respectively, and interpreth(
P
xi)as theaveragereturntoe¤ort. A ccordingly,

wenormalizetheopportunitycostperunitofextractivee¤ortto 1 ;andassumethath0 < 0 and

h(0 )> 1 > lims!1 h(s):Itisclearthatthesepropertiesofhensuretheexistenceofaunique° > 0

suchthath(s)?1 if, andonlyif, s7° :

wde…nethefunction½ :R n
+ ! R as

½(a1;:::;an)=¼(a1;a¡1)¡
P
j6= 1

(¼(aj;a¡j))2 ;

andconsiderE=(¡;½)asanenvironment. T hisparticularpreferencestructureisaspecialinstance

of“negativelyinterdependentpreferences,” whichre‡ectD uesenberry’srelativeincomehypothesis.

H ence, unlikethenon-individualisticpreferencesconsideredinExample1, wenowconsideraprefer-

encerelationwhichbelongstoafamilythatiswidelyusedinmanydistinctareasofeconomics. In

particular, ourpresentformulationisnothingbutaminormodi…cationofShubik’sbeat-the-average

objectivefunction, theanaloguesofwhichoccupyacenterstageinthetheoryofstrategicdelegation

(cf. V ickers(19 85) andFershtmanandJudd(19 8 7 )).
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W eclaim thatindividualisticpreferences are exterminatedby ½: Toprovethis claim, weshall

showthat, foranypopulationcompositiont, player1 mustobtainastrictlylowermaterialpayo¤

thanplayern inany equilibrium ofthegameGf1;:::;ng(t)´(fR + ;ujgj= 1;:::;n);whereuj is de…ned

as in (??) with ¼ and ½ beingas speci…ed above. (O fcourse, in oursymmetricframework, this

means thatanyindividualisticplayerobtains astrictlylowerpayo¤ thananyindividualoftype½

atanyequilibrium.) Consideranypopulationcompositiontandanarbitraryx¤2 N (Gf1;:::;ng(t)):

R elabellingifnecessary, weassumethat

tj=

8
<
:

¼; ifj=1 ;:::;r;

½; ifj=r+ 1 ;:::;n,

forsomer2 f2;:::;n¡1 g;thatis, we letthe …rstr individuals tobe individualistic. W e shall

…rstestablish thatminfx¤1;x¤ng > 0 : Toverify this claim, assume forthe sake ofcontradiction

that
P
x¤i > ° : T hen, ¼(x¤j;x¤¡j)< 0 forallj;andhenceitis immediatethatx¤j= 0 musthold

sincex¤ is an equilibrium. (In thecaseofinterdependentagents, this follows from thefactthat

@½(x¤n;x¤¡n)=@xn < 0 whenever
P

x¤i > ° :)T his, however, contradicts
P

x¤i > ° . If, ontheother

hand,
P

x¤i= ° ;thenwemustagainhavex¤j= 0 forallj= 1 ;:::;r;forotherwisewewouldhave

¼(x¤j¡";x¤¡j)> 0 = ¼(x¤j;x
¤
¡j)forany"2 (0 ;x¤j);which contradicts thatx¤ is anequilibrium.

Similarly, x¤j= 0 musthold forallj = r+ 1 ;:::;n;since ifx¤j > 0 foraplayerj oftype ½;the

…rstorderconditionforj andthehypothesis that
P

x¤i = ° would implythat@½(x¤j;x
¤
¡j)=@xj=

x¤jh
0(° )= 0 ;whichcontradictsx¤j> 0 : W emaythereforeconcludethat

P
x¤i < ° . B utthen, for

any"2(0 ;° ¡P
x¤j);wehave¼(";x¤¡j)> ¼(0 ;x¤¡j)forallj=1 ;:::;rand½(";x¤¡j)> ½(0 ;x¤¡j)for

allj=r+ 1 ;:::;n. T hus, wemusthavex¤j> 0 forallj;theequilibriumx¤mustbeaninteriorone.

Consequently, ¼(x¤j;x¤¡j)> 0 forallj:

G iventhatminfx¤1;x¤ng > 0 ;the…rstorderconditions

@¼(x¤1;x¤¡1)
@x1

=h(
P

x¤i)¡1 + x¤1h
0(
P

x¤i)=0 (7 )

and
@½(x¤n;x¤¡n)

@xn
=
@¼(x¤n;x¤¡n)

@xn
¡2 P

j6= n
¼(x¤j;x

¤
¡j)

@¼(x¤j;x
¤
¡j)

@xn
=0 (8)

mustbesatis…ed. Since, byde…nitionof¼;@¼(x¤j;x¤¡j)=@xn < 0 forallj6=nand¼(x¤j;x¤¡j)> 0 for

allj;itfollowsfrom(??)that@¼(x¤n;x¤¡n)=@xn < 0 :Combiningthiswith(??), we…ndthatx¤n > x¤1.

T his, inturn, impliesthat¼(x¤n;x¤¡n)> ¼(x¤1;x
¤
¡1)aswesought. ¥

T heexampleaboverelies heavilyonthehypothesis thatallindividuals inthesocietyinteract

with eachother(intragroup selection). A naturalquestion thus concerns themodi…cationofthe
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conclusionsinthecaseofsubgroupmatchingscenarios. Indeed, ananalysisakintothatofBanerjee

and W eibull(19 9 5) wouldreadilyentailthatindividualisticpreferences neednotbeexterminated

inenvironmentswithpairwisematchingeventhoughtheymayhavestrategicdisadvantageagainst

(interdependent) preferencesofthesortconsidered inExample2. N evertheless, ournextexample

showsthatsubgroupmatchingfalls shortaswellofwarrantingthelocalstabilityofindividualistic

preferences.

Example3. Inthisexampleweshallusethesamepre-environmentusedinExample2 except

thathereweshallfocusonak-wiserandommatchingscenario. T hus, thepre-environmentweshall

studyis¡=(n;k;R + ;¼)where

¼(a1;:::;ak)=a1
µ
h
µ

kP
i= 1

ai
¶
¡1

¶
; ai¸0 ; i=1 ;:::;k;

forsometwicecontinuouslydi¤erentiableh:R + ! R + withh0< 0 andh(0 )> 1 > lims! 1 h(s):

M oreover, hereweassumethath00· 0 ;whichinturnguaranteesthestrictlysubmodularityofthe

subgroupgame: @¼(a)=@a1@ai< 0 foralla2R k
+ andi6=1 :

N ow, forany® > 0 ;de…nethefunction½® :R k
+ ! R as

½®(a1;:::;ak)=¼(a1;a¡1)¡®
P
j6= 1

(¼(aj;a¡j))2 ;

andconsiderE® =(¡;½®)asanenvironment. W eclaimthatthereexistsan® suchthatindividualistic

preferencesarelocallyunstableinE®:
Toseethis, letus…rstnotethat, thereexistsan®̂ > 0 suchthatwehavejN (GA(¼;:::;¼;½®)j=1

forallA 2A½® andall® 2 [0 ;®̂]:7 Consequently, byrestrictingourattentiontosmall®’s, weareable

toavoidtheequilibrium selectionproblem. Inwhatfollows, weshallshowthat, when® issmall, an

individualisticplayer(individual1, inparticular)makesstrictlylessmaterialpayo¤s inequilibrium

thanthenon-individualisticplayern;whetherornotheismatchedwithplayerninthesamegroup.

Putformally, weshallprovethatthereexistsasmallenough® > 0 suchthat

¼(x¤n(®);x
¤
¡n(®))> ¼(x¤1(®);x

¤
¡1(®)) (9 )

and

¼(x¤n(®);x
¤
¡n(®))> ¼(a¤;:::;a¤) (10)

where

fx¤(®)g=N (Gf1;:::;k¡1;ng(¼;:::;¼;½®)) and f(a¤;:::;a¤)g=N (Gf1;:::;kg(¼;:::;¼)):8

7 T heproofofthisclaim isroutineandisthusomitted.
8 N oticethat, sinceG f1;:::;kg(¼;:::;¼) is asymmetricgameandhasauniqueequilibrium, this equilibrium mustbe

symmetric.
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Clearly, thiswillestablishthatindividualisticpreferencesarelocallyunstableinE® forsmallenough

® > 0 :

W ebeginbyobservingthat(??)holdsforall® > 0 :T heproofofthisisidenticaltothatgivenin

Example2 forthecasen=kand® =1 ;anddoesnotrequireanysubmodularityarguments. H ere

weshallthusconcentrateonlyonestablishing(??). Tothisend, letB :R k¡1
+ ! R + standforthe

bestresponsemappingofanindividualisticplayer. (T hesingle-valuednessofthismap isensuredby

theassumptionsh0< 0 andh0·0 :) W enextde…nethefunction»:[0 ;° ]! [0 ;° ]by

»(q)=B (»(q);:::;»(q);q); 0 ·q·° :

B y usingthe standard arguments based on the Brouwer’s …xed pointtheorem and the implicit

functiontheorem, wecanshowthat» iswell-de…ned, and B and» areC 1 functionson(0 ;° ):Two

furtherobservations aboutthefunction » areinorder. First, notethatthede…nitionof» readily

entailsthat

(»(q®);:::;»(q®);q®)=x¤(®) whenever q® 2argmax
q2[0 ;°]

½®(q;»(q®);:::;»(q®)) (11)

forany® 2 [0 ;®̂]:Second, wemayuseagaintheimplicitfunctiontheorem toestablishthat» is a

strictlydecreasingfunction. Inparticular,

»0(a¤)=
@B (a¤;:::;a¤)=@xk¡1

1 ¡Pk¡2
i= 1 @B (a¤;:::;a¤)=@xi

< 0 ; (12)

wheretheinequalityisanimmediateconsequenceofthestrictsubmodularityof¼:W earenowready

toprovethefollowing

Claim 1. T hereexistsa¹q> a¤ suchthat¼(q;»(q);:::;»(q))> ¼(a¤;:::;a¤)forallq2(a¤;¹q]:

ProofofClaim 1. D e…neª(q)´¼(q;»(q);:::;»(q))forallq2 [0 ;° ];andobservethat

ª0(a¤)=
@¼(a¤;:::;a¤)

@x1
+

kP
j= 2

@¼(a¤;:::;a¤)
@xj

»0(a¤)=(k¡1 )a¤h0(ka¤)»0(a¤)> 0

inviewofthefactthat@¼(a¤;:::;a¤)=@x1 = 0 and»0(a¤)< 0 :T heclaim thenreadilyfollowsfrom

thecontinuityofª:k

Claim 2. x¤n(®)> a¤forall® 2 [0 ;®̂]:

ProofofClaim 2. Fixany® 2 [0 ;®̂]:T heclaim followsfromthefactthatx¤1(®)=¢¢¢=x¤k¡1(®)

and(??). k

N ow, takeanystrictlydecreasingsequence®m 2 (0 ;®̂)suchthatlim®m = 0 :Sincex¤n(®m )2
[0 ;° ](as is showninExample2), theremustexistaconvergentsubsequenceofx¤n(®m );whichwe
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againdenotebyx¤n(®m )forsimplicity. L etx¤n(®m )! x¤n asm ! 1 :B utby(??) andcontinuityof

»;wehave

N (Gf1;:::;k¡1;ng(¼;:::;¼;½® m ))3(»(x¤n(®m ));:::;»(x¤n(®m ));x¤n(®m ))! (»(x¤n);:::;»(x
¤
n);x

¤
n)

asm ! 1 :T hus, sincetheN ashequilibriumcorrespondencehasaclosedgraphandlim®m =0 ;we

…nd(»(x¤n);:::;»(x¤n);x¤n)2 N (Gf1;:::;k¡1;ng(¼;:::;¼;¼));whichinturnimpliesthatx¤n =»(x¤n)=a¤:

T herefore, byClaim 2, theremustexistan integer M > 0 such thatm ¸ M implies that¹q¸
x¤n(®m )> a¤;where¹qischosenas inClaim 1. Consequently, by(??) andClaim 1, weobtain

¼(x¤n(®
m );x¤¡n(®

m ))=¼(x¤n(®
m );»(x¤n(®

m ));:::;»(x¤n(®
m ))> ¼(a¤;:::;a¤)

forallm¸ M : T his proves (??), andhenceasnotedearlier, completes theproofofthefactthat

individualisticpreferencesarelocallyunstableinE® forsmall®:¥

T heupshotoftheaboveexamples isthatindividualisticpreferencesdonotpossessevolutionary

stabilitypropertiesinarbitraryenvironmentsundercompleteinformation. Inparticular, duetotheir

strategicadvantage, negatively interdependentpreferences (thatpreconditions aplayertoderive

utilityfrom beingmateriallybettero¤ thanothers) appeartoinvadeamonomorphicpopulation

composedonlyofindividualisticagentsinmanyinterestingenvironments.9 Infact, dependingonthe

environment(e.g. onewithpairwisematching), evenaltruistpreferenceswouldconstitutesuccessful

mutations as shownbyFershtmanand W eiss (19 9 8) andB esterand G üth(19 9 8). Similarresults

arereportedbySethi andSomanathan(19 9 9 ) inthecaseofreciprocalpreferences(ofL evine, 19 9 8)

thatallowforbothaltruism andspite.

Inviewoftheprecedingdiscussion, onemightbetemptedtoconcludethat, whilecommonlyused

ineconomictheory, thecaseforindividualisticpreferencesishardlycompellingfromanevolutionary

viewpoint. Yet, intherestofthispaper, weshallarguethatithasbeentheimplicitassumptionof

completeinformation thatismostlyresponsiblefortheapparentevolutionaryweaknessofindivid-

ualisticpreferences. A swepresentlyshow, relaxingthisassumptionmayleadustoaverydi¤erent

settinginwhichsuchpreferencesdoemergeastrulyfocal.
9 T his observation parallels thewell-known spitefule¤ ectofH amilton (19 7 0): a …nite monomorphic population

adoptingaN ashequilibrium strategymaybevulnerabletoinvasionbya‘spiteful’mutantadoptingastrategythatisa

nonoptimalresponsetotheactionpro…leoftheincumbents, butwhichreducestheaveragepayo¤ oftheincumbentsso

greatlythatitfallsbelowthepayo¤ ofthemutant(cf. R hodeandStegeman19 9 6, Palomino19 9 6, andVega-R edondo,

19 9 7 ). H owever, noticethathereweareconsideringtheharderproblemofpreferenceevolutionasopposedtobehavior

evolution, andhenceattributeatraitlike“spite” topreferences asopposedtobehavior. Consequently, weassumethat

allplayers behaverationallygiventheirpreferences, andthen investigatetheproperties oftheequilibriaconditional

ontheunderlyingpreferencedistribution.
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3 StabilityofIndividualismunderIncompleteInformation

T heprevious analysis demonstrates thatindividualisticpreferences shouldnotbeviewed as pre-

eminentfrom an evolutionary perspective, provided thatpreferences evolve according to payo¤

monotonicdynamics andtheeconomicenvironment(withinwhichevolutiontakes place) displays

completeinformation. D ependingonthestructureofthegamethatisplayedbysubgroups, certain

plausiblepreferencerelationsmayhaveade…nitivestrategicadvantageoverindividualisticprefer-

ences. O newayofthinkingaboutthis observation is tointerpretanon-individualisticplayeras

anagentwhocommitsherselfinanobservablemannertoplaythegamethewaysomesuch(gen-

uine) non-individualisticpersonwouldplay. O bservabilityofthis commitmentusuallyguarantees

anadvantageousoutcometothecommittingparty. Forinstance, aplayerwhocommitsherselfto

play“hawk” intheusualhawk-dovegameagainstanindividualisticplayersecuresherselfthebest

outcome, sincean individualisticplayerwouldrationallyplay“dove” giventhatsheobserves the

commitmentofhisopponent. B utwhathappensifwedispensewiththe“observability” assumption

inthisscenario?O r, moreprecisely, whathappensifweassumethateachplayerhasonlyincomplete

informationaboutthetypeofheropponents inthesubgroup?T hisgivesrisetoastrategiccontext

whereplayers cannolongertailortheirbehaviortothetypepro…leofthesubgroup theyhappen

tolie in. H ence, each playermustchoosea“‡at” strategythat, in expected terms, provides her

withmaximalpayo¤sgivenherownpreferences(individualisticornot)andthestrategieschosenby

theopponents. Inthis section, ouraim is toshowthatthis leads individualisticpreferencestobe

essentiallytheonlytypeofpreferencesthatenjoynaturalselectionprivileges inaverylargeclassof

environments, providedthatthenumberofsubgroups inthepopulationis largeenough.

B eforeintroducingformallytheincompleteinformationmodelthatweshallinvestigatehere, we

…rstturntooneoftheexamplesdiscussedintheprevioussection, andseehowthemainconclusion

obtainedtherefails ifwerelaxthecomplete informationassumption. T hefollowingexamplewill

alsoprovidesomeintuitionforthemainresultsofthispaper.

Example4. ConsiderthesettingdescribedinExample1, andassumeagainthatthepopulation

compositionist=(¼;:::;¼;½):Supposenextthataplayercannotexactlyidentifythetypeofher

opponentbutratherassigns aprobabilitytoheropponentbeingindividualistic. O nenaturalway

ofchoosingthepriorbeliefs ofsuchaplayeris bylinkingthem tothepopulation shares ofeach

type. T hus, letus assumethateach playerassigns probability(n¡2)=(n¡1 )totheeventthat

heropponent(inthetwo-personsubgroup) has individualisticpreferences. O ntheotherhand, the

beliefsoftheonly½-typeplayerareofcoursedegenerateonheropponentbeinga¼-type.

G iventhesebeliefs, wemaymodelthegameplayedwithineachsubgroupasaBayesiangamein
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thestandardmanner. Parametrizingmattersbyn(thepopulationsize), let¾n :f¼;½g ! X beany

mapsuchthat

¾n(¼)2argmax
a2X

µµ
n¡2
n¡1

¶
¼(a;¾n(¼))+

µ
1

n¡1

¶
¼(a;¾n(½))

¶

and

¾n(½)2argmax
a2X

½(a;¾n(¼)):

Clearly, ¾n canbeconsideredasaBayes-N ashequilibriumforthesubgroupBayesiangamedescribed

above.

Inwhatfollows, weassumethattheaboveequilibrium ¾n obtainsinallofthesubgroupsformed

in this environment. T hus, exactly(n¡2)many individualisticplayers endup withapayo¤ of

¼(¾n(¼);¾n(¼))inthisequilibrium. O ntheotherhand, thematerialpayo¤softheonly½-typeindi-

vidualis¼(¾n(½);¾n(¼));whilethepayo¤sofhersingleindividualisticopponentis¼(¾n(¼);¾n(½)):

Consequently, therewould begood reasontoconcludethatindividualisticpreferences are locally

stable (especiallyiftheequilibrium ¾n isunique) ifthefollowinginequalityapplied:

¼(¾n(½);¾n(¼))<
µ
n¡2
n¡1

¶
¼(¾n(¼);¾n(¼))+

µ
1

n¡1

¶
¼(¾n(¼);¾n(½)): (13)

Toseethatthis inequalitymaywellbeexpectedtohold, assumethatX is acompactandconvex

subsetofR ;andlet¼ becontinuousandstrictlyquasi-concavein its …rstargument. Forthesake

ofcontradiction, assumethat(??) failsforin…nitelymanyn:T hen, bypassingtoasubsequenceof

(¾n(½);¾n(¼))thatconvergestoastrategypro…le(¾1 (½);¾1 (¼))forwhich(??) fails, we…ndthat

¼(¾1 (½);¾1 (¼))¸¼(¾1 (¼);¾1 (¼)): B utbytheclosedgraphpropertyoftheequilibrium corre-

spondence, wemusthave¾1 (¼)2 B (¾1 (¼));whereB isthebestresponsecorrespondence. B ystrict

quasi-concavity, however, this canholdonlyif¾1 (½)= ¾1 (¼): H ence, inanyenvironmentwhere

a½-typeplayeranda¼-typeplayerwouldplaythegamedi¤erentlywhentheyassignprobability

onetofacinga¼-type, (??) musthold. Inanysuchenvironment, therefore, wemayconcludethat

individualisticpreferencesarelocallystable.

B eforeconcluding, letusfurtherillustratethepointbyprovidingaconcreteexamplewithaunique

equilibriumthatveri…es(??). Considertheenvironment((n;2;[0 ;1 ];¼);½)where¼(a;b)=a(2¡a¡b)
foralla;b2 [0 ;1 ]and ½ is as de…ned inExample 1.10 Itis readilyveri…ed that(??) holds and

¾n(½)= 1 foralln: In turn, through simplecalculus, we…nd ¾n(¼)= (2n¡3)=(3n¡4)which
10T hesubgroup gameis thusasymmetricCournotduopolygamewithalineardemandandcoststructure. G iven

this interpretation, the½-typeplayercanbethoughtofasamanagerwhowillchoosetheStackelbergoutput(dueto

hiscontract, say) irrespectiveofheropponent’splay.
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convergesto2=3 asn! 1 :B ythepreviousobservation, therefore, (??) holds inthissettingforall

largeenoughn:11 ¥

W enowwishtoimproveupontheobservationnotedintheaboveexamplebyfocusingontheglobal

stabilitypropertiesofindividualisticpreferencesinalargeclassofenvironments. Tothisend, letus…x

anarbitraryenvironmentE=(¡;½). A snotedearlier, givenanyprevailingpopulationcomposition

t=(t1;:::;tn)2 f¼;½gn;thekeyimplicitassumptionunderlyingthecomplete-informationcontext

studiedinSection??isthattiscommonknowledge. A s inExample4, weshallinsteadexplorehere

thealternativeassumptionthat, beyondherowntype, eachplayerisinformedonlyofthefrequency

¹(t)́
1
n
jfi2 N :ti=¼gj

ofindividualisticplayers(and, therefore, ofnon-individualisticplayersaswell) presentinthewhole

population. T hestrategicsituationencounteredbyanyindividualjplacedinasubgroupfi1;:::;ikg
canthenbemodeledasak-personBayesiangame. Formally, wemayde…nethisgameas

G B
fi1;:::;ikg´

³
fX ;¹(t);ujgj= i1;:::;ik

´

whereuj is as de…ned in (??). H erethe beliefs oftheplayers are such thata¼-typeplayeras-

signs probability n¹(t)¡1
n¡1 totheeventthatanarbitraryopponentis ¼-type, whilea½-typeassigns

probability n¹(t)
n¡1 tothesameevent. (N oticeagainthatwearelettingindividualstoconditiontheir

beliefsontheirowntypes.) Inwhatfollows, weshallrefertoanenvironmentwiththis information

structureasanenvironmentunderincompleteinformation.

A s inD ekeletal. (19 9 8) andmainlyforthesakeofnotationalsimplicity, weshallrestrictour

attentiontoasymmetriccontextwherethestrategyofplayerjdoesnotdependonthetypesofthe

individualsgatheredwithherinthesubgroup. T hus, herstrategyisgivenbysomefunction

¾j:f¼;½g£[0 ;1 ]! X

thatspeci…es theactionchosen ¾j(tj;¹)2 X dependingbothonplayerj’s privateinformation –

hertypetj2f¼;½g – andthecommonlyavailablepublicinformation, i.e. theprevailingfrequency

ofindividualisticplayers. Sincewechoose tofocus on symmetricstrategy pro…les, ¾j is in fact

independentofj. T hus, welet¾j=¾ forallj=1 ;:::;n;andidentifythenotionsof“strategy” and

“strategypro…le” inwhatfollows.
11 In fact, itturns outthat(??) holds in this particularexampleforalln = 4 ;6;:::; which is veri…ed byroutine

calculation. It is importanttonote, however, that ¼(¾n(½);¾n (¼)) > ¼(¾n(¼);¾n(½)) holds foralln; and hence

intragroup selectionfavors ¼-typeplayers (aswouldbeexpectedfrom Example1). Y etthis e¤ectisovercomeinthis

example bythe e¤ectofintergroup selectionwhich favors the ¼ -types, thereby illustratingthe combined powerof

random matchingandincompleteinformation.
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G ivenapopulationcompositiont;theexpectedpayo¤searnedbyanindividualisticplayerwhen

sheplaysx2X andtherestoftheplayersplaythestrategy¾ is:

¼̈(x;¾;¹(t))´
k¡1P
s= 0

µ
k¡1
s

¶Qs
r= 1(n¹(t)¡r)

Qk¡s¡2
q= 0 (n(1¡¹(t))¡q)

(n¡1)(n¡2 ):::(n¡k+ 1) ¼
¡
x;h¾(¼;¹(t))is;h¾(½;¹(t))ik¡s¡1

¢

wherehµir standsforther-foldreplicaofanobjectµ foranypositiveintegerrand, byconvention,

¦0r= 1(¢)´1 :Similarly, theexpectedpayo¤ ofa½-typeplayerwhensheplaysx2 X andtherestof

theplayersplay¾ is:

½̈(x;¾;¹(t))́
k¡1P
s= 0

µ
k¡1
s

¶Qk¡s¡2
r= 0 (n¹(t)¡r)Qs

q= 1(n(1¡¹(t))¡q)
(n¡1)(n¡2 ):::(n¡k+ 1) ½

¡
x;h¾(¼;¹(t))ik¡s¡1 ;h¾(½;¹(t))is

¢
:

W earenowreadytointroducethe(symmetric) B ayesianequilibrium conceptthatwillbeused

inthepresentincomplete-informationsetup.

D e…nition2. L etE=(¡;½)beanenvironmentunderincompleteinformation. A strategy ¾ is

calleda SymmetricB ayes-N ashEquilibrium (SB N E) if, forallpopulationcompositions t,

¼̈(¾(¼;¹(t));¾;¹(t))¸ ¼̈(x;¾;¹(t)) forallx2 X

and

½̈(¾(½;¹(t));¾;¹(t))¸ ½̈(x;¾;¹(t)) forallx2 X :

Ifastrategy¾ is anSB N E forE, thenthesymmetricpro…leh¾(¢;¹(t))ik is simplyastandard

Bayesianequilibrium forthek-persongameplayedbyeach subgroup, whenplayers arerandomly

chosenfromapopulationwithanoverallcompositiongivenbyt. T herefore, SB N Eisanequilibrium

conceptthatembodies (symmetric) B ayesian equilibrium behaviorunderallpossible population

compositions. Sinceweshallprovideaglobalstabilityanalysis below, suchaformulationis inthe

natureofthings.

W enextde…nethenotionofglobalstabilitythatwillbeinvokedinthesubsequentanalysis.

D e…nition3. L etE=(¡;½)beanenvironmentunderincompleteinformation. Individualistic

preferences ¼ are saidtoexterminatealternativepreferences ½ if, foranySB N E strategy ¾ and

anypopulationcompositiont;

1
jA¼j

X

A2A¼
¼
³
¾(t1;¹(t));(¾(tj;¹(t)))j2Anf1g

´
>

1
jA½j

X

A2A½
¼
³
¾(tn;¹(t));(¾(tj;¹(t)))j2Anfng

´

whereA¼ andA½ arede…nedas in (??). Ifthis inequalityholds fort=(h¼in¡1 ;½);wesaythat

individualisticpreferencesare locallystable inE.
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T henotionofglobalevolutionarydominancecontemplatedinthisde…nitionre‡ectsasituationin

whichindividualsdisplayingindividualisticpreferencesenjoyalargermaterialpayo¤ thanthosewith

non-individualisticpreferencesunderanypopulationcon…guration. Inthissense, therefore, thesort

ofpayo¤ monotonicitydisplayedhereisentirelyanalogoustothatalreadyexplainedinmotivating

D e…nition1.

In thepresentsetting, ourgoalis toestablish thatindividualisticpreferences exterminatees-

sentiallyanynon-individualisticpreferences ifthere is asu¢cientlylargenumberofsubgroups in

thesociety. W eshallneedanumberofstructuralassumptions informalizingthis claim, which is

obviouslyinsharpcontrastwiththeexamplesconsideredinSection2. Tostatetheseassumptions,

however, weneedtoendowtheactionspacesoftheenvironmentsthatwewillstudywithsometopo-

logicalandlinearstructure. Inwhatfollows, therefore, weshallcon…neourattentiontoenvironments

withanactionspaceX thatisacompactandconvexsubsetofanarbitrarymetrizabletopological

vectorspace.12 Furthermore, wewillmakeuseofthefollowingassumptionsthatarepositedonthe

primitivesofanenvironment, (n;k;X ;¼;½):

Continuity(C). T hefunctions ¼;½ :X k ! R arecontinuous.

StrictConcavity (SC). G iven anyx¡i2 X k¡1;thefunction ¼(¢;x¡i):X ! R is strictly

concave.

N o TrivialEquilibrium (N TE). A n SB N E ¾ exists: M oreover, given ¼; ½;and k;there

existssomeassociatedenvironmentEsuchthat¾(¼;¹(t))6=¾(½;¹(t))foreverySB N E¾ andsome

populationcompositiont.

W iththeonlyexceptionof(N T E), thesepropertiesarestandardandthereisnoneedtoelabo-

rateonthemhere. (H owever, weshallconsiderbelowasubstantialweakeningof(SC)thatstillhas

interestingimplications.) O ntheotherhand, (N T E) embodiesacombinationoftwodistinctpostu-

lates. T he…rstistechnicalandtacklestheproblemofexistenceofanSB N Einatrivialmanner: the

underlying¼;½;andkareassumedtobesuchthatanSB N Eexistsforeveryassociatedenvironment

(i.e. everypossiblen):Sinceourinterestis presentlyontheproperties of(existing) equilibria, we

viewthisassumptiononlylittlemorethanasimplifyingone. M oreover, itisnotdi¢culttoprovide

conditionsonthefundamentalsoftheproblemthatwouldguaranteetheexistenceofanSB N E(see

R emark1).

T hesecondpartof(N T E) is, ontheotherhand, criticalforourmainresults. Itallows us to
12W hilethisisaminorpoint, wenotethatthemetrizabilityconditionmaybereplacedherewiththeweakerproperty

of…rstcountability. Since acompactand …rstcountabletopologicalspace is sequentiallycompact, the subsequent

analysisgoesthroughwithoutalterationwiththisweakening.
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studyenvironmentsinwhichindividualisticandnon-individualisticpreferencesarebehaviorallydis-

tinguishableforatleastonepopulationcompositionandsomeenvironment. Itmustbeobviousthat

suchapostulateisreallyunexceptionableinthatiftwopreferencesare, atequilibrium, fullyequiv-

alentinbehavioralterms, neitherwe(asobservers) noranyevolutionarysystem maydiscriminate

betweenthem.13

W earenowreadytoprovethe…rstmainresultofthispaper.

Theorem 1. A ssume (C), (SC) and (N TE). Then, there exists some M > 0 such that, if

n¸M ;individualisticpreferences ¼ exterminatenon-individualisticpreferences ½ inanyincomplete-

informationenvironmentE=((n;k;X ;¼);½):

Proof. Considerany ¼; ½;and kthatsatisfy (C), (SC) and (N T E). L et F ¼(x;y;z;¹)and

F ½(x;y;z;¹)stand, respectively, fortheexpectedpayo¤ ofanindividualisticandnon-individualistic

typewhenherstrategyisx;all(other) individualsofanindividualistictypechoosey;all(other)

non-individualisticindividuals chooses z;andthere is priorprobability ¹ thatarandomlychosen

individualbeofanindividualistictype. B ydenotingther-foldreplicaofanobjectµ byhµir forany
integerr;wede…nethefunctions F ¼ andF ½ onX 3£[0 ;1 ]as

F ¼(x;y;z;¹)́
k¡1P
s= 0

µ
k¡1
s

¶
¹s(1 ¡¹)k¡s¡1 ¼

¡
x;hyis;hzik¡s¡1

¢
(14)

and

F ½(x;y;z;¹)́
k¡1P
s= 0

µ
k¡1
s

¶
¹s(1 ¡¹)k¡s¡1 ½

¡
x;hyis;hzik¡s¡1

¢
; (15)

respectively. H ere, weadopttheconventionthatF ¼(x;y;z;1 )´ ¼(x;hyik¡1)and F ¼(x;y;z;0 )´
¼(x;hzik¡1);withasimilarconventionapplyingtoF ½ aswell.

Someusefulpropertiesofthesefunctionsareestablishedinthenextthreeclaims.

Claim 1. T heequilibrium correspondenceª:[0 ;1 ]¶ X 2 givenby

ª(¹)=
½
(y;z):y2 argmax

x2X
F ¼(x;y;z;¹); z2 argmax

x2X
F ½(x;y;z;¹))

¾

hasaclosedgraph.

ProofofClaim 1. Eventhoughtheproofisroutine, weincludeitforcompleteness. Considera

sequence(¹m ;ym ;zm )in[0 ;1 ]£X 2 suchthatlimm !1 (¹m ;ym ;zm )=(¹;y;z)and(ym ;zm )2ª(¹m )
foreachm:Fixa 2 X and observethatthelattercondition implies thatF ¼(ym ;ym ;zm ;¹m )¸
F ¼(a;ym ;zm ;¹m )forallm:So, bycontinuityofF ¼;wehaveF ¼(y;y;z;¹)̧ F ¼(a;y;z;¹):Sinceais

arbitraryhere, andsincetheanalogousreasoningappliestoF ½ aswell, weobtain(y;z)2ª(¹):k
13A nalogouscaveatisfoundinElyandY ¬lankaya(19 9 7 ).
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Claim 2. Forany(¹;y;z)2 [0 ;1 ]£X 2 suchthat

y2 argmax
x2X

F ¼(x;y;z;¹) and z2 argmax
x2X

F ½(x;y;z;¹); (16)

wehavey6=z:

ProofofClaim 2. A ssumethattheclaim is false, andtakea(¹;y;z)thatsatis…es (??) but

y=z. T hen, thecommonactiony=zhastobeanoptimalresponseforbothindividualisticand

non-individualistictypesalike, givenanypopulationpro…le, aslongaseveryoneelsealsoadoptsthat

sameaction. Formally, we…ndthat

y 2 argmax
x2X

F ¼(x;y;z;¹)

= argmax
x2X

¼
¡
x;hyik¡1

¢k¡1P
s= 0

µ
k¡1
s

¶
¹s(1 ¡¹)k¡s¡1

= argmax
x2X

¼
¡
x;hyik¡1

¢k¡1P
s= 0

µ
k¡1
s

¶Qs
r= 1(n¹n¡r)

Qk¡s¡2
q= 0 (n(1¡¹n)¡q)

(n¡1)(n¡2 ):::(n¡k+ 1)

forall¹n 2f1 =n;:::;1 ¡1 =ng since

k¡1P
s= 0

µ
k¡1
s

¶
¹s(1 ¡¹)k¡s¡1 =1 =

k¡1P
s= 0

µ
k¡1
s

¶Qs
r= 1(n¹n¡r)

Qk¡s¡2
q= 0 (n(1¡¹n)¡q)

(n¡1)(n¡2 ):::(n¡k+ 1)

Similarly, wealsohave

y2argmax
x2X

½
¡
x;hyik¡1

¢k¡1P
s= 0

µ
k¡1
s

¶Qs
r= 1(n¹n¡r)

Qk¡s¡2
q= 0 (n(1¡¹n)¡q)

(n¡1)(n¡2 ):::(n¡k+ 1)

T hus, ifwedenoteby¹¾(¢)astrategythatsatis…es

¹¾(¼;¹n)=¹¾(½;¹n)=y (¹n =1 =n;:::;1 ¡1 =n);

we…ndthaty 2 argmaxx2X ¼̈(x;¹¾;¹(t))andy 2 argmaxx2X ½̈(x;¹¾;¹(t))foranypopulation

compositiont. T herefore, weconcludethat¹¾ isa“trivial” SB N EforE;whichcontradicts(N T E).k

Claim 3. T hereexistsan"> 0 suchthat

F ¼(y;y;z;¹)¡F ¼(z;y;z;¹)̧ 3"

forany(¹;y;z)2 [0 ;1 ]£X 2 thatsatis…es (??).

ProofofClaim 3. D e…neE tobethesetofall(¹;y;z)2 [0 ;1 ]£X 2 suchthat(??) is satis…ed.
T hesetE isclosedbyClaim 1. O ntheotherhand, notethatbyClaim 2, (SC), andthede…nition

ofF ¼;wemusthaveF ¼(y;y;z;¹)> F ¼(z;y;z;¹)forall(¹;y;z)2 E :T hus, iftheclaimwerefalse,

wecould…ndasequence(¹m ;ym ;zm )inE suchthat

lim
m !1

(F ¼(ym ;ym ;zm ;¹m )¡F ¼(ym ;ym ;zm ;¹m ))=0 : (17 )
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Since (¹m ;ym ;zm )lies in a compactspace, ithas a convergentsubsequence. T he limitofthis

subsequence, denoted (¹¤;y¤;z¤);mustbelongtoE (becausethis setis closed). T hus, invoking

Claim 2 again, wemayconcludethaty¤ 6= z¤: B ut, by continuity and (??), wemustalsohave

F ¼(y¤;y¤;z¤;¹¤)= F ¼(z¤;y¤;z¤;¹¤):T helatterispossibleonlyify¤=z¤dueto(SC), whichyields

acontradictionandcompletestheproof. k

H enceforth, ourconsiderationswillbeparametricovern(thatisamultipleofk). Inparticular, we

shalldenoteby¾n theequilibriumstrategyplayedinenvironmentE=((n;k;X ;¼);½). T heexistence

of¾n forany…niten is ensuredby(N T E). N ow, considerforeachpopulationsizen=k;2k;:::;an

arbitrarysequence¹n infsn : s=1 ;:::;n¡1 g, anddenotebyyn ´¾n(¼;¹n)andzn ´¾n(½;¹n)the

equilibrium actionsprescribedforeithertypeundereach¹n.

B ythecompactnessofX ;wemayobtainaconvergentsubsequenceof(¹n;yn;zn), againdenoted

by(¹n;yn;zn)forsimplicity. L et(¹1 ;y1 ;z1 )standforthelimitofthis subsequence. T hen, bya

straightforwardadaptationofClaim 1, weknowthat

y1 2argmax
x2X

F ¼(x;y1 ;z1 ;¹1 ) and z1 2argmax
x2X

F ½(x;y1 ;z1 ;¹1 ): (18)

Furthermore, wemayuseClaim 3toassertthatthereexistssome"> 0 suchthat

F ¼(y1 ;y1 ;z1 ;¹1 )¡F ¼(z1 ;y1 ;z1 ;¹1 )¸3": (19 )

D enotenextby~©¼(¾n;¹n)and~©½(¾n;¹n)theexpectedmaterialpayo¤srespectivelyearnedbyanin-

dividualisticandnon-individualistictypewhenthepopulationsizeisn;theequilibriumstrategyis¾n
andthefrequencyofindividualisticplayersis¹n:Clearly, wehave~©¼(¾n;¹n)́ ¼̈(¾n(¼;¹n);¾n;¹n)

and ~©½(¾n;¹n)´ ¼̈(¾n(½;¹n);¾n;¹n): T herefore, inviewof(??) and (??), theremustexistan

M > 0 suchthat, ifn¸M ;
¯̄
~̄©¼(¾n;¹n)¡F ¼(y1 ;y1 ;z1 ;¹1 )

¯̄
·̄" and

¯̄
~̄©½(¾n;¹n)¡F ¼(z1 ;y1 ;z1 ;¹1 )

¯̄
·̄":

H ence, by(??), we …ndthat ~©¼(¾n;¹n)> ~©½(¾n;¹n)foralln¸ M : Sincethe sequence ¹n was

chosenarbitrarily, this impliesthat

1
jA¼j

P
A2A¼

¼
³
¾(t1;¹(t));(¾(tj;¹(t)))j2Anf1g

´
>

1
jA½j

P
A2A¼

¼
³
¾(tn;¹(t));(¾(tj;¹(t)))j2Anfng

´

atanypopulationcompositiont, aslongasn¸M . T heproofisthuscomplete.

T heorem 1 establishes theglobalevolutionarystabilityofindividualisticpreferences inalarge

classofenvironments, providedthatthenumberofsubgroupsislargeandthealternativepreferences

½ arenotbehaviorallyindistinguishablefrom ¼. Itis importanttonotethatneitherofthesetwo
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requirementscanbedispensedwith. O ntheonehand, theobviousneedfor(N T E)wasalreadydis-

cussedabove. T herequirementthatthepopulationsizenbelargeenoughrelativetokisalsocrucial.

O nlyifn=kislargewilltherebeasigni…cant“matchinguncertainty” andthepostulatedincomplete

informationmayhavegenuine“bitingpower.” T hus, onlyinthiscasewilltypeunobservabilitymay

overcomethecomplete-informatione¤ectsemphasizedinSection??.
A s anextremeillustrationofthis point, supposethatweweretoforcek=n;evenallowingn

tobecomearbitrarilylarge. T his istheunderlyingcontextofExample2, theonlydi¤erencebeing

thatthediscussiontherewascarriedoutundertheassumptionofcompleteinformation. H owever,

itis clearthatthealternativeassumptionofincomplete informationwould leavetheconclusions

completelyuna¤ectedinthiscasebecauseofthesymmetryofthegame– evenifindividualsmight

beuncertainaboutthetypeofeachparticularplayer, this is an irrelevantpieceofinformationas

longasthecorrespondingpopulationfrequencies(whicharenowidenticaltogroupfrequencies) are

accuratelyknown. H ence, evenunderincompleteinformation, onecanobtaintheexterminationof

individualisticpreferences inthecontextofExample2, incontrastwiththeconclusionreachedby

T heorem 1.

W eshouldnotethatassumption(SC), asused in T heorem 1, maybethoughtofasunusually

strongforagametheoreticalmodel. Itis thenofinteresttoseehowmuchofTheorem 1 canbe

salvagedif(SC) isreplacedbythefollowingweakerrequirement.

StrictQ uasi-Concavity(SQ C). G ivenanyx¡i2 X k¡1;thefunction ¼(¢;x¡i):X ! R is

strictlyquasi-concave.

T hisquestionisansweredbyoursecondmainresult:

Theorem 2. A ssume (C), (SQ C) and(N TE). T hen, there exists some M > 0 such that, if

n¸ M ;individualisticpreferences ¼ arelocallystable in anyincomplete-information environment

E=((n;k;X ;¼);½):

Proof. T heproofis astraightforwardmodi…cationoftheproofofT heorem 1. O bserve…rst

thatClaim 2 ofthatproofis valid inthepresentsetting. Claim 3, ontheotherhand, needstobe

reformulatedasfollows:

Claim 3¤. T hereexistan"> 0 anda¹¹ 2(0 ;1 )suchthat

F ¼(y;y;z;¹)¡F ¼(z;y;z;¹)̧ 3"

holdsforall(¹;y;z)2 [¹¹;1 ]£X 2 thatsatis…es(??).
ProofofClaim 3¤. O bservethat

lim
¹! 1

F ¼(x;a;b;¹)=¼(x;haik¡1); x;a;b2 X :
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T hereforebycontinuityofF ¼ in¹ andby(SQ C), theremustexista¹¹ 2(0 ;1 )suchthatF ¼(¢;a;b;¹)
isstrictlyquasi-concaveonX foralla;b2 X andall¹ 2 [¹¹;1 ]:G iventhisobservation, theargument

used inprovingClaim 3 oftheproofofT heorem 1 applies herewithoutmodi…cationtoyieldthe

soughtresult. k

InviewofClaim 3¤;ifwelet¹n =1 ¡1 =n;n=k;2k;:::;theproofheremaybecompletedby

reproducingthelineofargumentusedforT heorem 1. ¥
T heorem 2 isalocalcounterpartofTheorem 1. Itdealswithalargersetofenvironmentsthan

T heorem 1, butitdelivers only localstability ofindividualisticpreferences. (Itis, however, less

“local” thanitmight…rstappear, asexplainedinR emarks2 and3below.)

Bothofourmainresults underscorethesamepoint: theevolutionaryrationaleforindividual-

isticpreferences stands strongin incomplete-information environments ifthere is alargenumber

ofsubgroups involved. Combiningthis pointwithourformerdiscussionofExample3, onearrives

atthesummarizingconclusionthat, amongthefactors thatunderlietheevolutionarystabilityof

“materialistbehavior,” theinformationstructureplaysacentralrole.

W econcludethissectionwithfurtherremarksthatelaborateondi¤erentaspectsofouranalysis.

R emark1. (Existenceofequilibrium) A s notedearlier, theassumptionof(N T E) is used

in T heorems 1 and2 toguaranteetriviallytheexistenceofanSB N E fortheenvironments under

consideration. W emayofcoursesolvetheexistenceproblem inalesstrivialmanner. Forinstance,

if½ is concave in the …rstargumentand (SC) holds, then itcan be shown thatan SB N E must

exist. T hisobservationcanbeusedtosettletheexistenceissuethatisrelevantforT heorem 1. (In

particular, anSB N EexistsfortheenvironmentdescribedinExample3forsu¢cientlysmall®.) O n

theotherhand, if½ is strictlyquasi-concaveinthe…rstargumentand(SQ C) holds, thenagainan

SB N Eexists, providedthatthenumberof½-typesarelessthana…xednumberandnislarge. T his

observationappliesdirectlytothesettingcoveredbyT heorem 2.14 ¥
R emark2. (M ultiplemutants) T helocalstabilityconceptcontemplated in D e…nition3 is

basedonthepremisethatmutationsoccurveryinfrequentlyandinanuncorrelatedfashionsothat

onlyasinglemutantmayexistatanygivenpointintime. T heorem 2 is thus silentwithrespect

tothe evolutionary stabilityofindividualisticpreferences againstnot-so-infrequentorcorrelated
14B othoftheseclaims canbeprovedbyusingasuitable…xed pointtheorem in thestandardmanner. A fterall,

as longaswecanensurethequasi-concavityof¨ ¼ and ¨ ½ inthe…rstargument, there is noproblem with invoking

astandardexistencetheorem. (N oticethatquasi-concavityof½ and(SQ C) arenotsu¢cientforthis sinceaconvex

combination ofquasi-concave functions need notbequasi-concave.) A lternatively, onemayusemore sophisticated

(pure strategy) equilibrium existence theorems thatare based onweakerconvexityrequirements (such as diagonal

quasi-concavity);see, forinstance, B ayeetal. (19 9 3).
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mutations. Yet, itturns outthatindividualisticpreferences perform successfullyagainstmultiple

mutations as well. Consider…rstthe possibility thatseveralhomogeneous mutants mayappear

simultaneously– seeR emark3forthecaseofheterogenousmutants. G ivenanypositiveintegerm;

saythatindividualisticpreferencesarem-locallystable inanenvironmentE, iftheinequalityposited

inD e…nition3holdsforallpopulationcompositionsthatconsistofatmostm-manymutants. Itis

easytoseethatwemayreplacetheterm“locallystable”with“m-locallystable” foranym (whichis

independentofn)withoutintroducinganyothermodi…cationinT heorem2.15 T hus, thisresultdoes

notreallyembodyaknife-edgeconclusion: itconvincinglycarries themessagethatindividualistic

preferencesareingeneralpowerfulenoughtoexpelany“relativelysmall” mutationinavastsetof

environmentswithincompleteinformation. ¥
R emark3. (M ultiplenon-individualistictypes) Concerningmutation, anotherinteresting

issuepertains tothepossibilitythatseveralkindsofmutantsmaybeinsimultaneousco-existence

withtheindividualistictype. Inthatcase, ofcourse, theapproachmustbeadaptedaccordinglysince

ourpresentframeworkallowsonlyfordichotomiccon…gurations(i.e. individualisticpreferencesand

onealternativetype). H owever, alongthelinesexplainedinR emark2, itisstraightforwardtoobserve

thataslongasthetotalnumberof(possiblyheterogeneous)mutantsmremainssmallrelativeton;

nosigni…cantchangeshavetobeintroduced, eitherinthemodelingoftheproblemorintherequired

arguments.

Ifseveralnon-individualistictypesmaybesimultaneouslypresent, amoredi¢cultissuepertains

towhetheronecanstillobtaintheglobal-dominanceconclusionestablishedbyTheorem1. Inthisre-

spect, acrucialpointconcernstheextensionof(N T E)tothatmore-than-two-typescontext. Suppose

thatwehavea…nitesetofpossible(non-individualistic) preferencetypesT=f½1;:::;½m g, m¸1 :

T hen, afrequencydistributionmaybeidenti…edwithavectorinthem-dimensionalsimplex¢m ,

¹ =(¹0 ;¹1;:::;¹m );where¹s standsforthefrequencyoftype½sand¹0 isthatof¼:A generalization

of(N TE) thatissu¢cientforourpurposescanbeformulatedasfollows.

(N T E0) A nSB N E¾ exists:M oreover, givenk;¼;any½s 2T, andanyfrequencyvector~¹ 2¢m ;

thereexistsanassociatedenvironmentEsuchthat¾(¼;¹(t))6= ¾(½s;¹(t))foreverySB N E ¾ and

somepopulationcompositiontsuchthat¹r(t)=~¹r forall0 6=r6=s:

Clearly, (N T E0) boilsdownto(N T E)whenthereisjustonealternativenon-individualistictype.

O ntheotherhand, whenthereismorethanonesuchkindofalternativepreferences, (N T E0) simply

requires that, foranynon-individualistictype, theremustalways existsome reassignmentofits
15Forexample, in the proofofan extended T heorem 2, onewould simplyhavetoallowforsequences ¹n where

¹n ¸ 1¡ m =n foralln.
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relativefrequenciesvisavistheindividualistictypewhereeachofthem(theindividualisticandnon-

individualistictypes) di¤erintheequilibrium-inducedbehavior. U nderthis assumption(together

with(C)and(SC)), itisnotdi¢culttoseethatonecanestablishadirect“polymorphic” counterpart

ofT heorem 1. T hatis, individualisticpreferences stillexterminateallnon-individualistictypes, no

matterhowmanyofthem thereareandwhataretheirinitialfrequencies.16¥
R emark4. (R elated literature) A s noted earlier, thereare somerecentpapers thathave

tackled the studyofpreferenceevolution alonglines similartothose pursued here. Particularly

relevanttothepresentstudyareElyandY ¬lankaya(19 9 7 ), G üthandPeleg(19 9 7 ), andD ekeletal.

(19 9 8), whicharehenceforthreferredtoasEY , G P, andD EY , respectively. D EY showthat, inthe

caseofcontinuum populations, ifplayersobserve theiropponents’preferences, everyevolutionarily

stablepro…lemustinduceane¢cientpatternofplayintermsofmaterialpayo¤s. Instead, ifthetypes

areunobservable, D EY establishthatonlyasituationinwhichindividuals’preferencesareconsistent

withmaterialpayo¤ maximizationmaybeevolutionarilystable. EY andG P reportanalogousresults

applicabletothecaseofunobservabletypes. A partfromcertainspeci…cmodelingdetails, thereare

threeimportantaspects inwhichthepresentworkdi¤ers from thesepapers. W etakeup eachof

theseissues inturn.

(i) Thecardinalityofthepopulation: In thethreepapers indicated(aswellas inmostofthe

relatedliterature17 ), theunderlyingassumptionconcerningthepopulationconsistsofacontinuumof

in…nitesimalplayers(thisisexplicitlyassumedinEY andD EY , andimplicitlyinG P ).H owever, this

assumptionleaveslittleroomforsomeofthestrategically-relevantconsiderationsthatarewellknown

toplayasigni…cantroleinmanyevolutionarymodels, asdiscussedindetailbyH amilton(19 7 0)and

Scha¤er(19 8 9 ). Forthisreason, ourpresentframeworkinvolvesinsteada…nite(buttypicallylarge)

population, afeaturewhichallowsforthepossibilitythatnegativelyinterdependentpreferences(e.g.

“spiteful” orenvious)mayplayasigni…cantroleintheanalysis. W henthepopulationcardinalityis

thecontinuum, thispossibilityismuchcurtailed, evenifactualplaytakesplacewithinsmall(…nite)

groups. For, inthis respect, theanalysis ofcontinuum models mayembodysharp discontinuities

withlarge-but-…nitepopulationmodels. O urdiscussionofExample3 is agoodcaseinpoint. N o
16A lternatively, onecouldhaveconsideredthefollowingweakergeneralizationof(N T E):

(N T E00) A nSB N E¾ exists:M oreover, givenk; ¼;andany½s 2T, thereexistssomeassociatedenvironmentEsuch

that¾(¼;¹(t))6= ¾(½s;¹(t)) foreverySB N E ¾ andsome populationcomposition t:

H owever, underthisalternativeassumption, onecannotexploitthelineofargumentthatestablishedT heorem 1. T he

keypointhereconcernstheproofofClaim 2, whereitcouldnotbearguedthatifalternativetypes choosethesame

equilibrium actionatsomepopulationcon…guration, theymustalsodosoeverywhere.
1 7 See, forexample, the evolutionary explanations oftime preference by R ogers (19 9 4), risk aversion by R obson

(19 9 6), oraltruism byB esterandG üth(19 9 8).
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matterhowlargethepopulationis inthatcontext, anysingleagentdisplayingspitefulpreferences

willseehero¤springeventuallydominateapopulationoriginallymadeofagentswithindividualistic

preferences.18 H owever, ifwehaddecidedtomodeldirectlyalargepopulationthroughthecontinuum

assumption, no(in…nitesimal)agentwouldhavehadanypossibilityofa¤ectingthepopulationstate

and, therefore, ifendowedwithnon-materialistpreferences, shewouldhavebeenunabletosurvive

inthatscenario.

(ii) Therangeofthestabilityanalysis: Tothebestofourknowledge, almosteverypaperinthis

literaturewhohasaddressedtheissueofpreferenceevolutionhasreliedonlocalstabilityconcepts.19

Forinstance, while G P and D EY usestabilityconcepts thatcarryanequilibrium ‡avor(likethe

traditionalESS), thepaperbyEY focusesonadynamicscenariobyinvokingtheusualnotionof

asymptoticstability. Incontrast, inthepresentpaperwealsoidentifyreasonableconditionsunder

whichonecanprovideglobalanswerstotheproblemathand(seeExample2 andT heorem 1)along

withlocalanswers(Examples1, 3and4, andT heorem 2).

(iii) The matchingscenario: M ostofthe related literature has focused on simplematching

contextswherethepopulationismatchedinpairstoplayabilateralgame. H ere, wehaveextended

this schematicframeworktoallowforgroups ofvaryingsize – including, as a specialcase, the

scenarioinwhich theentirepopulation is involved in aplaying-the-…eldgame. L eavingaside its

widergenerality, themainadvantageofthis approach is thatitallows us tofocus ontherelative

group sizeasarelevant(infact, key) consideration. Itsmainroleintheanalysis istoparametrize

in atransparentmannerthe degree of“informativeness” allowed by ourincomplete-information

framework. A related ideais modeledexplicitly in D EY bypositingan exogenous probabilityof

trueobservation ofthe opponent’s preferences. H ere, wemaintain the puredichotomy between

perfectand imperfectobservation (as inEY and G P ) butintroduceavaryingextentofe¤ ective

unobservabilityintermsofrelativegroupsize. ¥

4 Conclusion

Inthis paper, wehaveshownthatresultspertainingtotheevolutionofpreferencesunderrandom

matchingare bound todepend crucially on the information contentofthe postulated strategic
18 T hismeansthat, inavarietyofinteresting…nite-populationscenarios, theassumptionofperfectobservabilityof

preferences neednotleadtoane¢cient(orN ash) patternofbehaviorinterms of…tness, which is incontrastwith

D EY . T hus, ourresults underscorethefactthatpopulation …niteness willgenerallyhave importantimplications on

theissueofpreferenceevolution.
19 A nexceptionisthepaperbyKoçkesenetal. (19 9 9 ) which, asexplained, addressesonlyascenariowithcomplete

information.
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interaction. Ifinteraction takes placeunderperfectobservabilityofpreferences, amonomorphic

populationcomposedonlyofindividualistic(sel…sh) agentsmaywellbevulnerabletoinvasionby

“mutant”preferencesthatinvolvetraitslikespiteoraltruism. T hisobservationisnotatallsurprising

andisverymuchinlinewiththeearlierresultsestablishedintheliterature. U nfortunately, one…nds

that, withcompleteinformation, littlecanbesaidaboutstablepopulationcompositions ingeneral.

T helong-runpredictionsoftheevolutionarydynamics inthiscasehappentodependverymuchon

thespeci…cdetailsofthestrategicenvironmentsunderconsideration.

A ttheotherpolarextreme, wehaveascenarioinwhichpreferences areunobservable. A mong

thevariouswaysinwhichthiscontextcouldbemodeled, wehavechosentopositthatindividualsare

awareoftheoverallpopulation frequenciesoftypesbutnotofthosecorrespondingtotheparticular

opponents withwhom theyarematched. T his assumption convenientlyallows us toanalyzethe

situationasastandardB ayesiangamewithcommonpriors. Interestingly, wehavefoundthatthis

approachyieldsasharp limitresultwhich(saveforstandardtechnicalassumptions) is independent

oftheparticularsofthegamesunderconsideration: individualisticpreferencesaregloballystablein

avastsetofenvironments, providedthereisalargeenoughnumberofsubgroupsinthepopulation.

Inourview, theaforementionedresultprovides afundamentalevolutionaryrationaleforindi-

vidualisticpreferences. H owever, itisalsotellingthatthepresenceofincompleteinformationisnot

enoughtoensurethestabilityofindividualisticpreferenceswhenthesizeofthepopulationissmall

relativetothesizeofthesubgroups. Itwouldthus beamistaketoconcludeonthebasis ofthe

present…ndingsthatevolutionfavorsunequivocallytheindividualisticpreferences. Foritturnsout

thatoneneeds toknowmoreaboutthestructureofthematchingmechanism toidentifythepre-

ciseimplicationsofevolutionaryforcesontheselectionofpreferences. Inparticular, individualistic

agentsneednotthriveinsituations inwhichintragroup selectionismorepowerfulthanintergroup

selection, eveniftypesareunobservable.

Toconclude, letusstressthat, whileweviewthepresentworkasapromisingstart, itdoesnot

saymuch aboutalternativeevolutionary scenarios thatmayalsoinvolve incomplete information.

In particular, furtherdevelopmentofthetheorymustincludeanassessmentofhowrobustis our

analysistotheconsiderationofenvironmentsinvolvingalternativematchingprocesses(suchaslocal

interactionorassortativematching), partialobservabilityoftypes, andsocializatione¤ortsofparents

(suchasthe“imperfectempathy” model), amongotherissuesthatwedidnotconsiderhere.
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