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Abstract. Oliphant[5, 6] contendghatlanguages theonly naturally-occurring,
learnedsymbolic communicationsystem,becauseonly humanscan accurately
obsere meaningduringthe culturaltransmissiorof communicationThis paper
outlinesseveral objectiongto Oliphants agument.In particular it is arguedthat
the learningbiasesnecessaryo supportlearnedsymboliccommunicatiormay
not be commonandthatthe speedof cultural convergenceduring cultural evo-
lution of communicatiomrmay be a key factorin the evolution of suchlearning
biases.

1 Introduction

Languagéas uniqueamongthe communicatiorsystemsf the naturalworld - it is cul-
turally transmittedtherelationshipbetweerbasiclexical tokensandtheir meaningss
arbitraryandthosebasiclexical tokensare combinedto form structuredforms which
areusedto communicateomple structuredneaningsHow did languagecometo be
asit isandwhy is it unique?

Much recentwork in the field hasfocusedon the evolution of syntacticcommu-
nication.Explanationf the humancapacityfor syntaxhave placedemphasion two
contrastingadaptive processes:

Genetic adaptation of the genetically-encodetumanlanguageacquisitiondevice to
supportsyntacticcommunicationdue to fithessadwantagesoffered by syntactic
communicatior(e.g.[4, 7]). Explanation®f this kind appealo a uniquesetof se-
lectionpressuregavouringtheevolution of syntaxin humando explaintheunique-
nessof language.

Cultural adaptation of languagen favour of compositionalitydueto culturalselection
resultingfrom languagdearnerbiaseduringculturaltransmissiorof communica-
tion (e.g.[1, 3]). Suchmodelsare not primarily concernedvith the origin of the
languagédearnersbiasesut appeato auniquelyhumanpreeistingmentalcapac-
ity to explaintheuniquenessf language.

Recentvork by Oliphant[5, 6], building on pioneeringvork by Hurford[2], focuses
onthemorebasicissueof theemegenceof arbitraryandcorventionalisedvord mean-
ing. Oliphantworks within the cultural adaptatiorframenork and makestwo claims.



Firstly, humanlanguages theonly learnedsymboliccommunicatiorsystemSecondly
languages uniquein this respectiueto the humancapacityto readthe communicatie
intentionsof otherlanguageusers.Oncethis capacityis establishedptimal, learned
symboliccommunicationeliably follows throughculturalevolution of communication
systemaunderacommonly-occurrindgearningbias.

This paperis primarily concernedvith integratingthe geneticandculturaladapta-
tion stylesof explanationandapplyingthis integratedapproactto aninvestigationof
Oliphants secondclaim. Theintegratedmodelsuggestshat the type of learningbias
identifiedby Oliphantmaynotin factbe commonlyoccurringandthe speedf cultural
convergencemaybea critical factorin the evolution of suchalearningbias.

2 TheMode€

The modelis an extensionof the modeloutlinedin [6] andis describedn full in [9].

Briefly, apopulationof communicatreagentss simulatedovertime. Agentsin the pop-
ulationbreedaccordingo communicatie accurag to producenew agentswvho inherit
the genetically-encodetarningrule of their parentst The new agentshenmake N

obsenationsof the communicatiorsystem$ of membersf the populationandacquire
their own communicationsystembasedon theseobsenationsand their genetically-
encodedearningrule. Therearethereforetwo interactingselectionpressuresit work
in themodel- naturalselectionn favour of genesncodingearningruleswhich result
in acquisitionof communicatiorsystemswhich allow successfutcommunicationand
cultural selectionin favour of communicatiorsystemsawvhich conformto the biasesof

thelearningrulespresenin the population.

3 Objectionsto Oliphant’s Conclusions

This modelsuggestshreeobjectionsto Oliphants conclusionthatthe capacityto ac-
curatelyobsene meaning,uniqueto humans,combinedwith a commonly-occurring
learningrule (a variantof Hebbianlearning)resultsin the evolution of optimallearned
symboliccommunication.

Firstly, asdiscussedn [8], the typesof learningrule which resultin cultural se-
lection for optimal communicatiorsystemgwhich will be termedconstructor rules)
have somevery specificbiasesregarding allowable relationshipsbhetweenmeaning-
signal pairsand may not be widespreadn the naturalworld. Secondly asdiscussed
in Section4, constructorules may be unlikely to evolve in a populationeven under
apparentlydealcircumstanced=inally, work in progressuggestshatthecombination
of constructorulesandadiminishedcapacityto obsene meaningmaystill resultin the

! Agentsarebidirectionalassociatie networks mappingfrom unit vectormeaninggo unit vec-
tor signals.Thelearningrulesfor theseagentsspecifythe conditionsunderwhich connection
strengthareincreaseddecreasedyr left alonedependingnthetwo inputsto thatconnection.
Thisleadsto 81 possibldearningrules.

2 Agentsobsere meaning-signapairs- the ability to obsene meaningaccuratelyis assumed,
asin [6].



emepgenceof nearoptimalcommunicationandmayin factcreateselectionpressures
to improve the capacityto obsere meaning: communicatiormay precedeandleadto
the capacityto obsene meaningaccurately

4 N and Speed of Cultural Convergence

If, assuggestedn [8], constructorulesarenot commonlyoccurring,a slightly mod-
ified versionof Oliphant’s amgumentseemsappealing givena preeisting capacityto
obsere meaningsuchlearningruleswill emege reliably undernaturalselectionfor
communicatre successlueto the fitnesspayof they confer Resultsgeneratedby the
modeloutlinedin Section2 suggestshatthis hypothesiss incorrect.

Tablel indicatesthe proportionof simulatedpopulationsconverging on optimalor
nearoptimal communicatiorsystemsafter a fixed numberof generationgor various
valuesof N. It is clearthat optimal communicationsystemsdo not reliably emege
undertheseconditions althoughthey aremorelik ely to emegegivenmorelearningby
immatureagentglarger V).

Table 1. Thenumberof successfutuns(out of 100)for variousvaluesof N

N 1{3| 5|10/15/20/25/30
Successe 15/39|38|41{56|57|

D
D

The unreliableemegenceof optimal communicatioris dueto the delaybetween
the emegenceof genotypesncodingconstructorrulesand ary fithessadvantageto
agentswith suchgenotypesAgentsusingconstructorrules needtime to corvergeon
anoptimalcommunicatiorsystem- cultural selectionover repeatectulturaltransmis-
siongraduallymovesthecommunicatiorsystem®f agentaisingconstructorulesinto
increasinglyoptimal overlappingareasof communicatiorsystemspaceuntil all such
agentshave corvergedon anoptimalsystem.

In the early stagef this constructionprocesdndividualsusingconstructorules
have little fithessadvantageover otherindividuals.As a consequencte genetictrans-
missionprocesswill be essentiallrandom- the populationwill undego geneticdrift.
In successfutunsgeneticdrift preseresconstructorshy chancein sufiicientnumbers
for sufficienttimeto allow theconstructiorprocesgo getwell underway. Constructors
thenshaow increasedcommunicatre accurag which leadsto steadyselectionfor con-
structorgenesgonstructomumbersn the populationincreaseandthe populationcon-
vergeson an optimal communicatiorsystem.In unsuccessfulunsgeneticdrift never
providesconstructorulesin suficientnumberdor the constructiorprocesgo take off.

IncreasingV increaseshe speedat which cultural convergenceoccursbetween
constructomagentsreducingthedependencen beneolentgeneticdrift andincreasing
thelikelihoodof populationsarriving at optimalcommunicatiorsystemsWhile allow-
ing runsto continuefor longeror changingthe mutationrateusedin the modelmight
malke optimalcommunicatioomorelik ely to emegefor lower N, suchtinkeringwould



obscurehe essentiallycontingentiatureof theemegenceof constructorulesandthe
importanceof rapid culturalcorvergencen evolving suchlearningbiases.

5 Conclusions

Oliphant[6] arguesthatoptimal,learnedsymboliccommunicatiomwill trivially emepge
given a capacityto obsene meaningduring cultural transmissiorand a commonly-
occurringlearningbias.This paperaiseghreeobjectiongo OliphantsproposalFirstly,
thelearningbiasnecessarto construcanoptimal,learneccommunicatiorsystemmay
notin factbecommonly-occurringSecondlyevenif otherspeciesverecapableof ob-
servingmeaning the correctlearningbiasmight be unlikely to evolve dueto a delay
betweertheemegenceof the biasandafitnesspayof to individualspossessing. The
rapidculturalcorvergenceresultingfrom large NV is shavn to reducethis delayandin-
creasdhelikelihoodof appropriatdearningbiasesevolving in thepopulation.Thirdly,
nearoptimalcommunicatiorsystemsnayemegeandbe maintainedn populationsof
agentsncapableof accuratelyobservingneaning.

Theseaesultsemphasistheimportanceof interactionsdetweergeneticandcultural
adaptationin modelswhich do notdiscountoneadaptve processasa startingassump-
tion. Specifically evenif aparticularlearningbiasresultsin the emegenceof optimal
communicatiorsystemshroughprocessesf culturalselectiorwe cannotassumehat
naturalselectionwill reliably find thatbiasor thatthe processf naturalselectionwill
be unafectedby the procesf culturalselection.
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