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Abstract. Oliphant[5, 6] contendsthatlanguageis theonly naturally-occurring,
learnedsymboliccommunicationsystem,becauseonly humanscanaccurately
observe meaningduringthecultural transmissionof communication.This paper
outlinesseveralobjectionsto Oliphant’s argument.In particular, it is arguedthat
the learningbiasesnecessaryto supportlearnedsymboliccommunicationmay
not be commonandthat the speedof cultural convergenceduring cultural evo-
lution of communicationmay be a key factor in the evolution of suchlearning
biases.

1 Introduction

Languageis uniqueamongthecommunicationsystemsof thenaturalworld - it is cul-
turally transmitted,therelationshipbetweenbasiclexical tokensandtheir meaningsis
arbitraryandthosebasiclexical tokensarecombinedto form structuredforms which
areusedto communicatecomplex structuredmeanings.How did languagecometo be
asit is andwhy is it unique?

Much recentwork in the field hasfocusedon the evolution of syntacticcommu-
nication.Explanationsof thehumancapacityfor syntaxhave placedemphasison two
contrastingadaptiveprocesses:

Genetic adaptation of the genetically-encodedhumanlanguageacquisitiondevice to
supportsyntacticcommunicationdue to fitnessadvantagesoffered by syntactic
communication(e.g.[4,7]). Explanationsof this kind appealto a uniquesetof se-
lectionpressuresfavouringtheevolutionof syntaxin humansto explaintheunique-
nessof language.

Cultural adaptation of languagein favourof compositionality, dueto culturalselection
resultingfrom languagelearnerbiasesduringculturaltransmissionof communica-
tion (e.g. [1,3]). Suchmodelsarenot primarily concernedwith the origin of the
languagelearner’sbiasesbut appealto auniquelyhumanpreexistingmentalcapac-
ity to explain theuniquenessof language.

RecentworkbyOliphant[5,6], buildingonpioneeringworkbyHurford[2], focuses
onthemorebasicissueof theemergenceof arbitraryandconventionalisedwordmean-
ing. Oliphantworks within the cultural adaptationframework andmakestwo claims.



Firstly, humanlanguageis theonly learnedsymboliccommunicationsystem.Secondly,
languageis uniquein this respectdueto thehumancapacityto readthecommunicative
intentionsof other languageusers.Oncethis capacityis establishedoptimal, learned
symboliccommunicationreliably followsthroughculturalevolutionof communication
systemsunderacommonly-occurringlearningbias.

This paperis primarily concernedwith integratingthegeneticandculturaladapta-
tion stylesof explanationandapplyingthis integratedapproachto an investigationof
Oliphant’s secondclaim. The integratedmodelsuggeststhat the typeof learningbias
identifiedby Oliphantmaynot in factbecommonlyoccurringandthespeedof cultural
convergencemaybea critical factorin theevolutionof sucha learningbias.

2 The Model

Themodelis anextensionof themodeloutlinedin [6] andis describedin full in [9].
Briefly, apopulationof communicativeagentsis simulatedovertime.Agentsin thepop-
ulationbreedaccordingto communicativeaccuracy to producenew agentswho inherit
the genetically-encodedlearningrule of their parents.1 The new agentsthenmake

�
observationsof thecommunicationsystems2 of membersof thepopulationandacquire
their own communicationsystembasedon theseobservationsand their genetically-
encodedlearningrule. Therearethereforetwo interactingselectionpressuresat work
in themodel- naturalselectionin favourof genesencodinglearningruleswhichresult
in acquisitionof communicationsystemswhich allow successfulcommunication,and
culturalselectionin favour of communicationsystemswhich conformto thebiasesof
thelearningrulespresentin thepopulation.

3 Objections to Oliphant’s Conclusions

This modelsuggeststhreeobjectionsto Oliphant’s conclusionthat thecapacityto ac-
curatelyobserve meaning,uniqueto humans,combinedwith a commonly-occurring
learningrule (a variantof Hebbianlearning)resultsin theevolutionof optimallearned
symboliccommunication.

Firstly, asdiscussedin [8], the typesof learningrule which result in cultural se-
lection for optimal communicationsystems(which will be termedconstructor rules)
have somevery specificbiasesregardingallowable relationshipsbetweenmeaning-
signalpairsandmay not be widespreadin the naturalworld. Secondly, asdiscussed
in Section4, constructorrulesmay be unlikely to evolve in a populationeven under
apparentlyidealcircumstances.Finally, work in progresssuggeststhatthecombination
of constructorrulesandadiminishedcapacityto observemeaningmaystill resultin the

1 Agentsarebidirectionalassociativenetworksmappingfrom unit vectormeaningsto unit vec-
tor signals.Thelearningrulesfor theseagentsspecifytheconditionsunderwhichconnection
strengthsareincreased,decreased,or left alonedependingonthetwo inputsto thatconnection.
This leadsto 81possiblelearningrules.

2 Agentsobserve meaning-signalpairs- theability to observe meaningaccuratelyis assumed,
asin [6].



emergenceof near-optimalcommunication,andmayin factcreateselectionpressures
to improvethecapacityto observemeaning- communicationmayprecedeandleadto
thecapacityto observemeaningaccurately.

4 � and Speed of Cultural Convergence

If, assuggestedin [8], constructorrulesarenot commonlyoccurring,a slightly mod-
ified versionof Oliphant’s argumentseemsappealing- givena preexisting capacityto
observe meaningsuchlearningruleswill emerge reliably undernaturalselectionfor
communicative successdueto thefitnesspayoff they confer. Resultsgeneratedby the
modeloutlinedin Section2 suggeststhatthishypothesisis incorrect.

Table1 indicatestheproportionof simulatedpopulationsconvergingonoptimalor
near-optimal communicationsystemsafter a fixed numberof generationsfor various
valuesof

�
. It is clear that optimal communicationsystemsdo not reliably emerge

undertheseconditions,althoughthey aremorelikely to emergegivenmorelearningby
immatureagents(larger

�
).

Table 1. Thenumberof successfulruns(outof 100)for variousvaluesof �

� 1 3 5 10 15 20 25 30
Successes0 4 15 39 38 41 56 57

The unreliableemergenceof optimal communicationis dueto the delaybetween
the emergenceof genotypesencodingconstructorrulesandany fitnessadvantageto
agentswith suchgenotypes.Agentsusingconstructorrulesneedtime to convergeon
anoptimalcommunicationsystem- culturalselectionover repeatedcultural transmis-
siongraduallymovesthecommunicationsystemsof agentsusingconstructorrulesinto
increasinglyoptimaloverlappingareasof communicationsystemspaceuntil all such
agentshaveconvergedonanoptimalsystem.

In theearly stagesof this constructionprocessindividualsusingconstructorrules
have little fitnessadvantageoverotherindividuals.As aconsequencethegenetictrans-
missionprocesswill beessentiallyrandom- thepopulationwill undergogeneticdrift.
In successfulrunsgeneticdrift preservesconstructors,by chance,in sufficientnumbers
for sufficienttimeto allow theconstructionprocessto getwell underway. Constructors
thenshow increasedcommunicativeaccuracy which leadsto steadyselectionfor con-
structorgenes,constructornumbersin thepopulationincreaseandthepopulationcon-
vergeson anoptimal communicationsystem.In unsuccessfulrunsgeneticdrift never
providesconstructorrulesin sufficientnumbersfor theconstructionprocessto takeoff.

Increasing
�

increasesthe speedat which cultural convergenceoccursbetween
constructoragents,reducingthedependenceonbenevolentgeneticdrift andincreasing
thelikelihoodof populationsarriving atoptimalcommunicationsystems.While allow-
ing runsto continuefor longeror changingthemutationrateusedin themodelmight
makeoptimalcommunicationmorelikely to emergefor lower

�
, suchtinkeringwould



obscuretheessentiallycontingentnatureof theemergenceof constructorrulesandthe
importanceof rapidculturalconvergencein evolving suchlearningbiases.

5 Conclusions

Oliphant[6] arguesthatoptimal,learnedsymboliccommunicationwill trivially emerge
given a capacityto observe meaningduring cultural transmissionand a commonly-
occurringlearningbias.ThispaperraisesthreeobjectionstoOliphant’sproposal.Firstly,
thelearningbiasnecessaryto constructanoptimal,learnedcommunicationsystemmay
not in factbecommonly-occurring.Secondly, evenif otherspecieswerecapableof ob-
servingmeaning,thecorrectlearningbiasmight be unlikely to evolve dueto a delay
betweentheemergenceof thebiasandafitnesspayoff to individualspossessingit. The
rapidculturalconvergenceresultingfrom large

�
is shown to reducethisdelayandin-

creasethelikelihoodof appropriatelearningbiasesevolving in thepopulation.Thirdly,
near-optimalcommunicationsystemsmayemergeandbemaintainedin populationsof
agentsincapableof accuratelyobservingmeaning.

Theseresultsemphasisetheimportanceof interactionsbetweengeneticandcultural
adaptationin modelswhichdo notdiscountoneadaptiveprocessasa startingassump-
tion. Specifically, evenif a particularlearningbiasresultsin theemergenceof optimal
communicationsystemsthroughprocessesof culturalselectionwecannotassumethat
naturalselectionwill reliably find thatbiasor thattheprocessof naturalselectionwill
beunaffectedby theprocessof culturalselection.
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