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SocialLanguagelLearning
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Luc Steelss director of the SonyComputerScience_aboratory in Paris and professor
of Arti cial Intelligenceat the University of Brussels(VUB). Steelsreseachesthe origins
andlearning of languagethroughcomputationabnd robotic models.He hasdevelopedthe
framevork of evolutionarylanguagegamesasa wayto studythe acquisitionof conceptsand
languagegroundedand situatedin experience Theframeavork allows a systematistudyof
transactionallearningand couldlead to novellearning ernvironmentdor languageacquisi-
tion.
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This paperexploresatheoryof learningwhich emphasisesocialinteractionandcultural
context. Thetheorycontrastwith individualistictheoriesof learning,wherethelearners ei-
therseenaspassiely receving large setsof examplesandperformingsomesortof induction
to arrive at abstractonceptsandskills, or asa geneticallypre-programmedrganismwhere
therole of the ervironmentis restrictedto settingsomeparameters! focusthe discussion
onthequestiorhow meanings constructedin otherwordshow peoplego from information
to knowp o edge. | am particularlyinterestechow groundedmeaningarises,i.e. meaning
anchoredn sensori-motoexperiences.This is the questionraisedearlier (in Chapterl) in
thediscussioron how informationturnsinto knowledge.l amalsointerestedn how shared
meaningsanbe developedthroughcommunicatiorandnegotiation. The meaningsusedby
a speakercannotdirectly be obsered by the listener so how cana listenerwho doesnot
know the meaningof wordsever learnthem?

The paperexploressocialand cultural learningusinga novel methodologynamelythe
constructiorof arti cial systemsj.e. robots,thatimplementcertaintheoreticalassumptions
andhenceallow usto examinewith greatprecisionhow certainlearningmechanismsvork
andwhat they canachieve or not achiaze. Someimplicationsfor educationare presented
towardstheend.

7.1 The Origins of Meaning

It hasbeenarguedthatoneof themainobjectvesfor children,particularlyin primaryschool,
is learninghow to createmeaning.This startsfrom a rst magicalmomentaroundthe agent
of 18 months[16], but continueghroughoutchildhood. As pointedout by Loris Malaguzzi
(seeChapter3 by CarlaRinaldi), the child is a semiologistwho inventsnew meaningsand
negotiateswordsto talk aboutthesemeaningswith friends or parentsandteachers.Also
laterin secondaryschoolandhighereducationthe acquisitionof nev meaningsandways
to communicateahemis a crucial skill. For example,it could be aguedthatall signi cant
adwancesn sciencearisefrom conceptuabreakthroughsMy objectve is to understandhis
creatie semiologicalprocessn muchmore detail so that we canhelp childrento acquire
crucialsemiologicakkills.

Let me startby summarisinghe intensedebateghat have takenplacein the cognitive
sciencditeratureover pastdecade®nthis questiorof the originsof meaning.Thesedebates
echothe nature/nurturelebateandthe discussiorof a constructist synthesisntroducedby
Johnsonn this contribution (seeChapters).

Labelling versusSocialGrounding

Therearebasicallytwo mainlinesof thinking on the questionof how languageandmean-
ing arebootstrappedindividualisticlearningandsociallearning. In the caseof individual-
istic learning,the child is assumedo have experiencedasinput, a large numberof example
casesvherespeechs pairedwith speci c situations.They eitheralreadymasteringheneces-
saryconceptsr areableto extractthroughaninductive learningprocesswvhatis essentiato
andrecurrenin thesesituationsjn otherwordsto learntheappropriateateyoriesunderlying
languageandthenassociatéhesecategyorieswith words. This is known ascross-situational
learning[13]. Othershave proposedaform of contrastve learningbasedn the samesort of
data,drivenby the hypothesighatdifferentwordshave differentmeaningg48]. Thistype of
individualisticlearningassumes ratherpassve role of the languagdearnerandlittle feed-
backgivenby thespeakerlt assumeso causain uence of languageon conceptformation.



7. SocialLanguagd_earning 135

Figure 7.1: Children can solve problemsthroughsocial interactionswhich none of them
cansolwe individually. Interactingtogetherwith the physicalworld is partof play. It is as
necessarandinsightful asinstructionallearning.(mw)

| call it thelabellingtheorybecausehelanguagdearneris assumedo associatéabelswith
existing cateyories.

Thelabellingtheoryis remarkablywidespreacamongresearcherstudyingthe acquisi-
tion of communicationandrecentlyvariousattempthave beenmadeto modelit with neural
networksor symboliclearningalgorithms[4]. It is known thatinductionby itself is a weak
learningmethod,in the sensethatit doesnot give identical resultsfrom the samedataand
mayyield irrelevantclusteringcomparedo humancateyories.To counterthisargumentit is
usuallyproposedhatinnateconstraintdelpthelearnerzoomin on theimportantaspect®of
theervironment.

In the caseof sociallearning,interactionwith otherhumanbeingsis considerectrucial
([5], [35], [30]). Learningis not only groundedn reality througha sensori-motoapparatus
but alsosocially groundedthroughinteractionswith others. The learningeventinvolvesan
interactionbetweeratleasttwo individualsin asharedernvironment. They will henceforthoe
calledthe learnerandthe mediator The mediatorcould be a parentandthelearnera child,
but children (or adults)canand do teacheachotherjust aswell. Giventhe crucial role of
themediator | alsocall sociallearningmediatedearning. The goal of the interactionis not
reallyteachingwhichis why | usethetermmediatorasopposedo teacherThegoalis rather
somethingpracticalin theworld, for example to identify anobjector anaction. Themediator
helpsthe goalto beachievedandis oftenthe onewho wantsto seethe goalachieved.

Themediatotasvariousroles: They setconstraint®nthesituationto makeit moreman-
ageablgscafolding), give encouragemendn the way, provide feedbackandactuponthe
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consequencesf the learners actions. Eventhoughlanguages beinglearnedthe feedback
is not directly aboutlanguageandis certainly not aboutthe conceptualisationsnplicitly
underlyinglanguage.The latter arenever visible. The learnercannottelepathicallyinspect
theinternal statesof the speakelandthe mediatorcannotknow which conceptsarealready
known to thelearner Insteadfeedbacks pragmaticthatmeansn termsof whetherthegoal
hasbeenrealisedor not. Considera situationwherethe mediatorsays:“Give methatpen”,
andthelearnemicksup apieceof papelinsteadf thepen.Themediatommightsay: “No, not
thepaperthepen”,andpointto thepen.Thisis anexampleof pragmaticfeedbacklt is not
only relevantto succeedsubsequentlyn thetask,but suppliesthe learnerwith information
relevantfor acquiringnewn knowledge. The learnercangraspthe referentfrom the context
andsituation,hypothesise classi cation of the referent,and storean associatiorbetween
the classi cationandthe word for future use. While doingall this, the learneractively tries
to guesghe intentionsof the mediatorof which therearetwo sorts. The learnermustguess
whatthe goalis thatthe mediatorwantsto seerealised(like “pick up the penon thetable"),
andthelearnemustguesgheway thatthe mediatorhasconstruedheworld [20]. Typically
thelearnersisethemselesasamodelof how themediatowould makeadecisionandadapts
thismodelwhena discrepang arises.

Sociallearningenablesactive learning. The learnercaninitiate a kind of experimentto
testknowledgethatis uncertain,or Il in missingholes. The mediatoris availableto give
direct concretefeedbackfor the speci ¢ experimentdone by the learner This obviously
speedsip thelearning,comparedo a passve learningsituationwherethelearnersimply has
to wait until examplesarisethatwould pushthelearningforward.

The Relation betweenLanguageand Meaning

The debatebetweenindividualistic versussociallearningis relatedto the equally hotly
debatedjuestionasto whetheror notthereis a causarole for languagean conceptiearning.
Fromthe viewpoint of thelabellingtheory the acquisitionof conceptoccursindependently
of andprior to languageacquisition eitherbecauseonceptareinnate(natvism) or because
they areacquiredby aninductive learningprocesgempiricism)[17]. Sothereis no causal
role of languageConceptualisatioandverbalisatiorareviewedasoperatingn independent
moduleswhich have no in uence on eachother[14]. The acquisitionof wordsis seenasa
problemof learninglabelsfor alreadyexisting concepts.

Concerningthenthe issueof how the conceptgshemseles are acquired,two opposing
schoolsof thoughtcanbe found: nativism andempiricism. Nativists like Fodor[14] claim
that conceptsparticularly basicperceptuallygroundedconceptsare innateand so thereis
no learningprocessecessaryThey basetheiragumentson the poverty of the stimulus[6],
thefundamentalveaknes®f inductive learning,andthelack of clearcateyorial or linguistic
feedback. Empiricistsclaim that conceptsare learned,for exampleby statisticallearning
methodsmplementedasneuralnetworks[10]. Thusa large numberof situationsin which
ared colouredobjectappearsareseerby thelearner andclusterednto “naturalcateyories'.
Thesenaturalcatgyoriesthenform the basisfor learningword meaning. An intermediate
positionis foundwith constructvists,who seea steadyinterplaybetweergeneticconstraints
andlearningprocessegseeChapter5 by Johnsorand[11]), but still view the learnervery
muchasindividually bootstrappingheir knowledge.

The alternatve line of thinking, which is often adoptedby proponentf sociallearn-
ing, claimsthatthereis a causalrole for culturein conceptacquisitionandthatthis role is
particularly(but not exclusively) playedthroughlanguageThis hasbeenarguedbothby lin-
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Figure7.2: Fromtheviewpointof a socialapproactio learning,interactionbenveenlearners
andmediatordgs absolutelycrucial, particularlyfor theacquisitionof language (mw)

guistsandphilosophersin linguistics,the positionis known asthe SapirWhorf thesis.It is
basedn evidencethatdifferentlanguage# theworld notonly usedifferentwordformsand
syntacticconstructionsut that the conceptualisationanderlyinglanguageare profoundly
differentaswell [34]. Languageacquisitionthereforeis believed to go handin handwith
conceptacquisition[3]. Moreover language-speci conceptualisationshangeover timein
a cultural evolution processwhich in turn causeggrammaticalevolution that may induce
furtherconceptuathangg18].

This doesnot meanthatthereare no similaritiesbetweenthe underlyingconceptualisa-
tionsof differentlanguageskFor example the distinctionbetweerobjects(things,people)on
the onehandandevents(actions,statechangespn the otherappearsiniversal[37]. Simi-
larly mary cateyorial dimensiondike spacetime, aspectcountability kinshiprelations etc.,
arelexicalisedin almostall language®f theworld, eventhoughtheremay be differencesn
how this is done. Thus,somelanguagesexicalisekinship relationsasnouns(like English:
father)andothersasverbs[12]. But profoundconceptualifferencesn the way different
languagesonceptualiseeality arenothardto nd ([34], [3]) andthey alsoshav upin other
cognitive taskssuchasmemorytests[9]. For example,the conceptualisationf the position
of thecarin “the caris behindthetree” is just the oppositein mostAfrican languagesThe
front of thetreeis viewedasbeingin the samedirectionasthefaceof the speakeandhence
the caris conceptualisedsin front of the tree as opposedo behindthe tree[18]. These
examplessuggesthat differenthumanculturesinvent their own waysto conceptualisee-
ality andpropagatet throughlanguagejmplying a strongcausalin uence of languageon
concepformation.Notethatacausain uence of languageacquisitionon concepformation
doesnot imply that all conceptsundego this in uence or that thereare no conceptsprior
to the beaginning of languageacquisition. In fact, thereare probablymillions of concepts
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usedin sensori-motorcontrol, socialinteraction,emotion,etc., which are never lexicalised.

Themainpoint hereis thatfor thoseconceptaunderlyingnaturallanguagecommunication,
this causalin uence not only exists but is necessaryi.e. theseconceptsecessariljhave a

culturaldimension.

Ludwig Wittgensteinis the bestknown philosophicalproponenpf a causalin uence of
languageon meaning. His positionis in a senseeven more radical thanthe SapirWhorf
thesis.He arguedthatmeaningsareanintegratedpartof the situatedcontext of use.Thusthe
word “ball” not only includesa particularconceptualisationf reality in orderto referto a
certaintypeof objectbut is alsoamove in alanguagegame jndicatingthatthe speakewants
a particularactionto be carriedout. Moreover the meaningof “ball” is not abstractat all,
i.e. somethingof the sort “sphericalshapedhysicalobjectof a uniform colour', but is very
context-dependentparticularlyin the rst stages.This point hasalsobeenmadeby Quine
who arguedthatbasicnotionssuchasobject-hoodnly graduallyarise.Childrendo not start
with the pre-givencleanabstractateyoriesthatadultsappeato employ

7.2 How to Study Learning?

Thereis alongtraditionin psychologythatstudiedearningby observingearningbehaiour,
particularlythatof children,or by performingexperimentan which humansubjectshave to
learn somethingandtheir performancdas monitored. More recently researchn Arti cial
Intelligencehasadwancedsufciently or it to becomepossibleto useanalternatve approach.
It is now possibleto take a particularlearningmethodclaimedto be effective for a certain
task,turnit into anarti cial system(typically acomputemprogram)feedit with the datathat
a humanlearneris supposedo have, andseewhetherthe learningmethodis up to the task.
Oftenthe learningmethodor its implementatiorattemptto be faithful to humanbehaioral
dataor compatiblewith whatis known aboutthebrain.

The Methodology of the Atrti cial

This methodologyhasalsobeenappliedto the questionof meaningandlanguageacquisi-
tion (se€[4]). However, thesemodellingefforts sofar mainly useanindividualisticapproach
with passve, obsenationallearning.Precisamodelsfor sociallearningarelacking. In theab-
senceof suchmodelsiit is dif cult to comparethe differentpositionsin the debateseriously
without sliding into rhetoric. The rst goal of my work hasthereforebeento develop con-
cretemodelsof sociallearningandcompareheir behaior to individualisticlearning. What
is alsolackingareexperimentdo testthe culturalin uence of languageon meaningcreation
andpropagation.And so my secondgoal hasbeento develop precisemodelsshaving that
culturalin uence andcontet-dependenteaningcreationareindeedthe mostplausibleand
effective way for individualsto bootstrapghemselesinto alanguageculture.

Previous work in the computationaimodelling of languagelearninghas beenentirely
basedon softwaresimulations.Giventhe enormouscompleity of the cognitive processing
requiredfor language even for handlingsingle words, computersimulationsare the only
way one cantestformal models. But if onebelievesin the importanceof embodimentso-
cial interaction,andthe necessityof groundinglanguagen the world, we mustgo onestep
further and use autonomousnobile robots. We canthentry to setup experimentswhere
autonomousobots,in stronginteractionwith humansand groundedin the world through
a physicalsensori-motomlapparatusdevelop language-likecommunicationsystems. If the
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robotsmanagédo dothis,thenwe have discorereda plausiblewayin which languages boot-
strappedRecentdramaticadvancesn roboticstechnologyhave madethis approacheasible,
eventhoughof courseit requiresbuilding very complex systemsandthe remainderof this
papers basedn experiencegainedwith suchexperiments.

To mary social scientists,the idea of usingautonomousobotsfor testingtheoriesof
cognitionandcommunications very unusuakndthey arevery scepticakhatarything could
comeoutof it. Butthereareimportantadwantages:

1. The experimentsforce us to makeevery claim or hypothesisaboutassumednternal
structuresandprocessesery concreteandsoit is clearhow thetheoreticabssumptions
have beenoperationalised.

2. We canusereal-worldsituations,.e. physicalobjects,humaninteractionsgtc.,to get
realisticpresuppositionandrealisticsourcesof input. This is particularlyimportant
whenstudyingsociallearning,whichreliesheaily ontheinterventionof themediator
groundedn reality.

3. We canextract dataaboutinternal statesof the learningprocesswhich is not possi-
ble with humanbeings. Internal statesof childrengoingthrougha developmentalor
learningprocessannotbe obsenedatall.

4. We caneasilyexaminealternatve hypothesesFor example,we cancomparewhatan
individualisticinductive learningprocessvould achieve with the samedataasa social
learningprocess.

But thereareolviously alsoimportantlimits to this methodology:

1. We cannotbegin to pretendthat robotic experimentsmodel childrenin ary realistic
way, nor the environmentsin which they typically operate But our goalis to compare
theoriesof how languageandcommunicatiordevelop,sorealismis notanissue.

2. It is an extraordinarychallengeto build and maintainphysicalrobotsof the required
complity. For practicalreasonglimitations of cameraresolution,memoryandpro-
cessingpower available on board)we cannotalwaysusethe bestknown algorithms
availabletoday This putslimits on what canbe technicallyachiered today and so
experimentaneedto be designedvithin thesdimits.

AIBO's rst words

Togethemwith a numberof collaboratorsin particularFredericKaplan,l have beenusing
variouskinds of robotsin experimentghattry to reconstructhe very beginning of language
and meaning. The experimentsdiscussedurther in this paperare basedon an enhanced
versionof the Sory AIBO robot (see gure 7.3). This robotis fully autonomousand
mobilewith morethanathousandehaiors, coordinatedhrougha complex behaior-based
motivational system. The AIBO features4-leggedlocomotion,a camerafor visual input,
two microphonesanda wide variety of body sensorsaswell ason-boardbatteriesandthe
necessargomputingpower. We have chosenthis platform becausehe AIBO is oneof the
mostcomple« autonomousobotscurrentlyin existencebut neverthelesseliableenoughfor
systematicexperimentsdue to the industrial standardg4o which it hasbeendesignedand
built. Moreover the AIBO is designedo encouragenteractionwith humanswhich is what
we needfor experimentsn socialhuman-robotnteraction.lt comeswith a very wide range
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Figure7.3: Ourrobotis anenhancedersionof thecommerciallyavailableAIBO. It is linked
to anadditionalcomputerthrougharadioconnection.

of capabilitieswhich arenecessaryo establisithe conditionsfor socialinteraction,suchas
theability to look atanobjectasa wayto draw attentionof the speaketo the object.

Theexperimentdiscussedurtherin this paper describedn moredetailin [31] work on
an enhancedrersionof the AIBO becausédhereis not enoughcomputingpower on-board
to do them. We decidedto keepthe original autonomousehaior of the robot and build
additionalfunctionality on top of it. Our systemthusactsasa cognitive layer which inter-
fereswith the alreadyavailableautonomou$ehaior, without controllingit completely A
secondcomputerimplementsspeechrecognitionfacilities which enableinteractionsusing
spokenwords. In orderto avoid recognitionproblemslinked with noise,the mediatoruses
an external microphoneto interactwith the robot. The computeralsoimplementsa proto-
col for sendingandreceving databetweerthe computerandthe robotthrougharadiolink.
The mediatormust take into accountthe global “mood” of the robot as generatedy the
autonomousnotivationalsystem. For example, it is possiblethat a sessiorbecomesrery
ineffective because¢herobotis in a“lethargic” mood.

By usingreal-worldautonomousobots,our experimentdiffer from othercomputational
experimentsin word learning(suchas[24]) in which situation-wordpairs are preparedn
advanceby thehumanexperimenterandevenmorefrom moretraditionalconnectionistvord
learningexperiments wheremeaningsare explicitly given by a human. Herewe approach
muchmorecloselythe conditionsof a oneyearold child who is moving aroundfreely with
no preconceptiorof what the meaningof a word might be. In fact, we tackle a situation
whichis evenmoredif cult thanthatof a child, becauseve assumehattherobothasnotyet
acquiredany conceptshatcouldpotentiallybe usedor adaptedor languageeommunication.
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7.3 LanguageGames

In previouswork we foundthatthe notionof agame andmorespeci cally alanguageyame,
is a very effective way to frame socialand cultural learning[30]. A gameis a routinised
sequencef interactionsbetweenwo agentsnvolving a sharedsituationin theworld. Psy-
chologicalresearchinto the transitionfrom pre-linguisticto linguistic communicatiorhas
foundclearevidencefor animportantrole of game-likeinteractionswhichinitially arepurely
basedon gesturesbeforeincluding vocalisationghatthenbecomewords[15]. Theplayers
in alanguageamehave differentroles. Therearetypically variousobjectsinvolvedandpar

ticipantsneedto maintainthe relevantrepresentationduringthe game,e.g.,whathasbeen
mentionedor implied earliet The possiblestepsin a gameare called moves. Eachmove
is appropriatan circumstancesdeterminedy motivationsandlong term objectvesandthe
opportunitiedn the concretesituation,justlike amove in agameof chessGamesaremuch
moreall-encompassinthanbehaiorsin thesenseof behaior-basedobots[32]. They may
runfor severalminutesandinvoke mary behaiors andcognitive actvities ontheway. They

may beinterruptedto beresumedater.

Competencesn alanguagegame

Hereis anexampleof a gameplayedwith a child while shaving picturesof animals:

Father: What does the cow say? [points to cow] Moooo.
Child:  [just  observes]
Father: What does the dog say? [points to dog] Woof.
Child:  [observes]
Father: What does the cow say?
[points to cow again and then waits ... ]
Child:  Mooh
Father:  Yeah!

The learnerlearnsto reproduceandrecognisehe soundsof the variousanimalsandto as-
sociatea certainsoundwith a particularimageanda particularword. The exampleis very
typical, in thesensdhat(1) it involvesmary sensorymodalitiesandabilities (sound,mage,
language)(2) it containsa routinisedset of interactionswhich is well entrenchedafter a
while, sothatit is clearwhatis expected,(3) the learnerplaysalongandguessesvhatthe
mediatorwantsand the mediatorsetsup the context, constrainghe dif culties, and gives
feedbackon succesor failure. (4) The meaningof wordslike “cow' and “dog' or ‘'mooo'
and woof' involvesbotha conceptuahspec{classi cationof the animalsandimitations of
the soundthey make)anda gameaspectmovesat the right moment). Every parentplays
thousand®f suchgameswith their childrenand, equallyimportant,after a while children
play suchgamesamongthemseles,particularlysymbolicgames.

Gamedike theoneabove aretypicalfor childrenaroundthe ageof two. This examplefo-
cusezxclusively onlanguagdearning.Normally gamesdry to achiese aspeci c cooperatie
goalthroughcommunicationywherelanguageplaysanauxiliary role, suchas:

Getthelistenerto performa physicalaction,for examplemove anobject.

Draw the attentionof the listenerto anelementin the contet, for example,anobject
thatshewantsto seemoved.

Restrictthe contet, whichis helpful for drawving attentionto anelementn it.
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Figure7.4: Languagegamesreston a rich substrateof competencesoncernedwith turn-
taking,faceidenti cation, andsharingattention.Theseareacquirecthroughplay in the rst
yearsof life. (Pictureby JanBelgrado)
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Transmitinformation aboutone's internal state,for exampleto signalthe degree of
willingnessto cooperate.

Transmitinformationaboutthe stateof the world, for exampleasrelevantfor future
action.

For all thesegamestheremustbe a numberof prerequisitegor socialinteractionlike the
following:

1. Becomeawarethatthereis a personin the environment,by recognisinghatthereis a
humanvoiceor ahumanbodily shape.

2. Recognise¢he persorby facerecognitionor speakerdenti cation.

3. Try to gure out what objectthe speakeris focusingattentionon, independentlyof
languageby gazefollowing andeye tracking.

4. Usethe presentsituationto restrictthe context, predictpossibleactions,and predict
possiblegoalsof thespeaker

5. Give feedbackat all timeson which objectyou arefocusing,for exampleby touching
theobjector looking atit intently.

6. Indicatethatyou areattendingo the speakerby looking up atthe speaker

Thesevariousactiities areoftenassociatesvith having a ‘theoryof mind' [1]. It is clearthat
theseprerequisiteaswell asthosespeci cally requiredfor the languageaspectf agame
requiremary cognitive capabilities: vision, gesturing,patternrecognition,speechanalysis
andsynthesisconceptualisationyerbalisationinterpretationpehaioral recognition action,
etc. This papemwill notgointo ary technicaldetailhow thesecapabilitieshave beenachieved
in our robots (in mostcasesby adoptingstate-of-the-arAl techniqueshor how they are
integrated. It sufces to know that we have a large library of componentsanda scripting
languagehat handleshe integrationandschedulingn real-timeof behaiors to implement
interactve dialogs. We do not pretendthat arny of thesecomponentsachiezeshumanlevel

performancefar fromit. But they areenoughto carry out experimentsaddressingheissues
raisedin this paperandobsenrersare usually stunnedby the level of performancealready
achieved.

The Classi cation Game

We have beenexperimentingwith variouskinds of languagegamesmostnotablya guess-
ing game[29], in which the listenermustguessan objectin a particularcontect througha
verbaldescriptionthatexpresses propertyof the objectwhichis nottruefor ary of theother
objectsn thecontext. Anothergamewe have studiedntenselyis theclassi cationgame and
thatgamewill be usedasa sourceof illustrationin therestof the paper The classi cation
gameis similar to the guessinggame,exceptthatthereis only a single objectin the visual
imageto beclassi ed.

Figure7.5 givesanideaof the dif culties involvedin playing a classi cationgameand
they dramaticallyillustrate the dif culties that children mustencountemwhen constructing
their rst meanings.All theseimageshave beencapturedwith AIBO's camera. Different
ambientighting conditionsmaycompletelychangehecolourre ection of anobject.An ob-
jectis almostnever seenin its entirety It canhave a comple structuresothatdifferentsides
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Figure7.5: Differentviews of aredball ascapturedoy therobot's camera.

aretotally different. Consequenthgeggmentationand subsequentlassi cationis extremely
dif cult. For example,theredball maysometimesave alight patchwhichlookslike a sec-
ond objector fuse so muchwith the backgroundhatit is hardlyrecognisable We feel that
it is extremelyimportantto startfrom realisticimagestakenduring a real-worldinteraction
with therobotanda human.By takingarti cial images(for examplepre-sgmentedmages
underidenticallighting conditions)mary of the real-worldproblemsthatmustbe solvedin
bootstrappingcommunicationvould disappeardiminishingthe strengthof the conclusions
thatcanbedrawn.

Learning Classes

Obviouslytheclassi cationgamemustrely onacognitive subsystenthatis ableto classify
objects.Therearemary possiblewaysto implementsucha systemandmary techniquesire
knownin Arti cial Intelligencditeratureasto how to learntherequiredclassesl believethat
it is not soimportantwhich learningtechniqueis used,ratherhow the methodis integrated
within thetotal behaior of thelearner

The rst questionto be addressedh building a classi catory systemis how to segment
objects.Twentyyearsof researchn computewision have shavn thatobjectsegmentations
notoriouslydif cult. It is evenbelievedto beimpossibleunlessthereis alreadya relatively
cleartemplateof theobjectavailable. Edgedetection 3-d sggmentationcoloursegmentation,
sggmentatiorbasedon changerom oneimageto the next, etc.,all yield possiblesegments
but noneis foolproof. Sothelearneris confrontedwith a chickenandegg problem.Thereis
nowayto know whatcountsasanobject,but withoutthisknowledgeit is virtually impossible
to performsegmentation.By not relying on prior sggmentatiorwe resole this paradox. It
implieshoweverthatinitially conceptgor objectswill behighly context-sensitve,asopposed
to clearPlatonistabstractionsThis situated contet-sensitve natureof objectknowledgeis
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in line with Wittgensteins point of view andhasalsobeenarguedon empiricalgrounds.

Thesecondjuestionconcernghe methoditself. We have usedaninstance-basechethod
of classi cation([2]), whichmeanghatmary different views' arestoredof anobjectsituated
in aparticularcontext, andclassi cationtakegplaceby anearesheighboralgorithm:theview
with the shortestdistancen pairwise comparisorto theinputimageis consideredo bethe
‘winning' view. We cannnotreally saythat the memory*“represents’objects,becausehe
robothasno notionyet of whatanobjectis, andits memoryalwaysstoresanobjectwithin a
certaincontext.

Instance-baselarningwasusedfor two reasons:(1) It supportsincrementalearning.
Thereis no strict separatiorbetweenra learningphaseanda usagephase(2) It exhibits very
guick acquisition(oneinstancdearning) whichis alsoobseredin children.Acquisitioncan
of coursebefollowedby performancealegradatiorwhennew situationsarisethatrequirethe
storageof new views. Oncetheseviews have beenstoredaswell, performancejuickly goes
up again. Thistype of learningbehaior is very differentfrom thatof inductive learningal-
gorithms(suchasthe clusteringalgorithmdiscussedater) which shav randomperformance
for alongtime until theright classe$have beenfound.

Word learning

To play theclassi cationgame therobotmustalsohave a cognitive subsystenfor storing
andretrieving the relation betweenobjectviews andwords. Eachassociatiorhasan asso-
ciatedscore,which representpastsuccessn usingthat associatioras speakeror listener
Whenspeakingtherobotalwayschoosesheassociatiorwith the highestscoresothatthere
is a positive feedbackloop betweenthe succesof a word and its subsequentise. Word
learningtakesplaceby reinforcementearning[33]: whentheclassi cationconformsto that
expectedby the humanmediator thereis positve feedbackandthe scoreof the association
thatwasusedgoesup. At the sametime, thereis lateralinhibition of alternatve hypotheses.
Whenthereis a negative outcomeof the game thereis negative feedback.The scoreof the
associatiorthatwasusedis decreasedlf thereis a correctionfrom the mediator the robot
storesanew associatioetweertheview andthecorrectingword, but only if theassociation
did notalreadyexist.

Scripts

The robot hasa script, implementedas a collection of loosely connectedschemasfor
playing the classi cationgame. Hereis a typical dialog basedon this script, startingwhen
therobotsitsdown.

1. Human: Stand.
2. Human: Stand up.

Therobot hasalreadyacquirednamesof actions. It remainsunderthe in uence of its au-
tonomousbehaior controller Forcingthe robotto standup is a way to makeit concentrate
onthelanguagegame.Becausepeeclsignalshave beenheardtherobotknowsthatthereis
someonen theernvironmenttalking to it. Thehumannow shavs theball to therobot( gure
7.6a).

3. Human: Look
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Figure7.6: Differentstepsn alanguagegame.

Theword*“look” helpsto focusattentionandsignalsthe beginning of alanguagegame.The
robotnow concentratesn the ball, startstrackingit, andsignalsfocusby looking at the ball
(gure 7.6a)andtrying to touchit ( gure 7.6b). It furthersignalsattentionby looking rst

at the speaker( gure 7.6 c) andthenbackat the ball (gure 7.6 d). In fact, theseareall
emepgentbehaiors of the objecttracker The otherautonomou$pehaiors interactwith the
schemasteeringhelanguagegame.

4. Human: ball

Therobot doesnot yet know a word for this object,so a learningactuity starts. The robot
rst asksfor feedbackof thewordto makesurethatthe word hasbeenheardcorrectly

5. Aibo: Ball?
6. Human: Yes

Ball is thecorrectword andit is associateavith aview of theobjectseen.

Note that several things could go gonewrong in this episodeand the humanmediator
would typically spontaneouslprovide additionalfeedback. For example,the wrong word
might be hearddue to problemswith speechrecognition,the robot might not be paying
attentionto the ball but, becauseof its autonomousehaiors, might have startedto look
elsavhere etc. By maintainingatightly couplednteractionthemediatorcanhelpthelearner
andthisis the essencef sociallearning: constrainingcontext, scafolding (the humansays
“ball” not“this is theball” whichwould bemuchmoredif cult), andpragmatideedback.
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Figure7.7: Evolution of theclassi cationsuccesgor four differenttrainingsessions.

7.4 Experimental Results

We have implementedall the necessarycomponentdo have the robot play classi cation
gamesof the sortshavn in theseexamplesandexperimentedor severalmonthsin human-
robotinteractions. The objectswe usedwerean AIBO imitation called Poo-Chi,a yellow
object,Smiley, aredball, etc. The experimentswere performedon successe days,under
very differentlighting conditions,andagainstdifferentbackground# orderto obtainrealis-
tic data. Theseexperimentshave shavn thatthe framework of languagegamess effective to
enablethelearningof “the rst words'andtheclassi catoryconceptghatgo with it.

SuccessfulLearning of "the rst words'

Figure 7.7 presentghe evolution of the averagesuccesdor four sessionseachstarting
from zeroknowledge (no wordsand no concepts). The succes®f a gameis recordedby
the mediator basedon the answerof the robot. We seethat for all the runs the success
climbsregularly to successfutommunicationlt is interestingo notethatfrom thevery rst
gamegheclassi cationperformances very high. It only takesa few examplesto beableto
discriminatesuccessfullythe threeobjectsin a given ervironment. But asthe ervironment
changesgonfusionmay ariseandnew learningtakesplace,pushingup performanceagain.
Thisis a propertyof theinstance-baselarningalgorithm.

Expl| Exp2| Exp3| Exp4
Averagesuccesy 0.81 | 0.85| 0.81 | 0.80

Table7.1: Averagesuccessluringthetraining sessions

If we averagethe classi cation succesover the whole training sessionwe obtainan
averageperformancdetweerD.80and0.85(tablel), whichmeanghaton averagetherobot
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usesan appropriatename8 times out of 10. This includesthe period of training, so the
learningis extraordinarilyfast. A closerlook at the errorsthat the robot makes(table 2),

shaws thatthe robot makesfewer classi cationerrorsfor the red ball thanfor the othertwo
objects.Thisis dueto the focusof attentionmechanisnavailablefor trackingred objects.It

easesheproces®f sharingattentionon thetopic of thegameandasaconsequencprovides
the robot with dataof betterquality. The lack of this capabilityfor the otherobjectsdoes
howevernot causeafailure to learnthem.

word/meaning Poo-chi| RedBall | Smiley | Classif.success
Poo-chi 34 8 9 0.66
RedBall 0 52 4 0.92
Smiley 6 2 49 0.86

Table7.2: Thistableshavs theword/meaninguccessatefor oneof the sessions.

It is obviously possibleto makethe perceptionand cateyorisationin theseexperiments
morecompl&. Insteadwe have adoptedhe simplestpossiblesolutionsin orderto makethe
experiments which involve real-timeinteractionwith humans- possible.If morecomplec
methodshadbeenadoptedhey wouldnot t ontheavailablehardwareandthedialogwould
nolongerhave areal-timecharacter

Comparisonwith non-sociallearning

Two counterargumentshave beenadvancedagainstthe needfor strongsocialinteraction
on rst word learning: (1) unsupervisedearninghasbeenclaimedto generatenaturalcat-
egorieswhich canthen simply be labelledwith the words heardwhenthe samesituation
occurs(thelabellingtheory),and(2) someresearcherbave proposedhatinnateconstraints
guidethelearnerto theacquisitionof the appropriateconcepts.

To examinethe rst counterargumentFréceric Kaplanhasdonean experimentusinga
databasef imagesrecordedrom 164 interactiondetweera humanandarobotdravn from
the samedialogsasthoseusedin sociallearning. The experimentconsistedf usingoneof
the bestavailableunsupervisealusteringmethod(the EM method)in orderto seewhether
ary naturalcateyoriesare hiddenin the data. The EM algorithmdoesnot assumehat the
learnerknows in advancethe numberof categoriesthatare hiddenin the data,becausehis
would indeedbe an unrealisticbias which the learnercannotknow. Unsupervisedeural
networkssuch as the Kohonenmap would give the same,or worse, resultsthanthe EM
algorithm.

As theresultsin table 3 shaw, the algorithmindeed nds a setof clustersin the data;
eightto be precise.But the clustersthatarefound areunrelatedo the classi cationneeded
for learningthewordsin thelanguage The objectsareviewedundermary differentlighting
conditionsand backgroundsituations,andthe clusteringre ects thesedifferentconditions
morethanthespeci c objectsthemseles.

Clusters| CO| C1|C2|C3|C4[C5]C6 ]| C7
Poochi| 9 | 0| 2 |11| 6 |20]| 0 | 3
RedBall | 6 | 2 | 13| 6 | 0 |24 3 | 2
Smiley | 5| 2| 5| 2 |12]|25] 3 | 3

Table7.3: Objectsandtheir clusterspbtainedirom unsupervisetearning.
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If we hadto assigna nameto a single cluster Poo-Chiwould be assignedo C3, the
redball to C2 and Smiley to C5. With this schemeonly 30% of the instancesare correctly
clustered.If we associateachclusterwith its bestname(asshowvn in table4), it would not
be muchbetter Only 47% would be correctly clustered. We suspecthat the clusteringis
more sensitve to contextual dimensionssuchasthe light conditionsor backgroundof the
objectratherthanthe objectitself.

Cluster Bestname
Co (Poo-chi) 9
Cl | (RedBall, Smiley) | 2
C2 RedBall 13
C3 Poo-chi 11
C4 (Smiley) 12
C5 Smiley 25
C6 | (RedBall, Smiley) | 3
C7 (Poo-chi,Smiley) | 3

Table7.4: Clustersandnameghatbestcorresponadvith them.

An additionalpoint is thatthe EM clusteringmethodsasary other clusteringmethod,
arrive at differentclustersdependingon theinitial conditions(randomseeds).Thereis not
necessarila singlesolution,andthe algorithmmight get stuckinto a local minimum. This
implies that differentindividuals, that all use unsupervisedearningto acquirecatejories
areunlikely to endup with the samecateyories,which makesthe establishmenof a shared
communicatiorsystemimpossible.

The conclusionof this experimentis clear Without the causalin uence of languagea
learningalgorithmcannotlearnthe conceptghat arerequiredto be successfuln language
communication.Note that the clusteringexperimentmakesuseof very gooddata(because
they wereacquiredin a socialinteraction). If anagentis presentedvith a seriesof images
takenwhile it is simply roamingaroundin the world, a clusteringalgorithmproducesven
moreirrelevantclassi cations.

| now turnto thesecondcounteragumentnamelythatinnateconstraintsouldguidethe
learningprocessThequestiorhereis whattheseconstraintouldbe. Thereis nothingin the
obsenred visual datathat givesary indicationwhatsoger that we are dealingwith objects.
As mentionecearlier therobotis not evencapableof properlysegmentingtheimage(which
would requiresomesort of templateand hencealreadyan idea of what the objectis). It
thereforeseemanuchmoreplausiblethatthe socialinteractionhelpsthe learnerzoomin on
whatneeddo belearned.

Theseexperimentsonly give a glimpseof our methodologyat work andwe, aswell as
othercolleaguesn this eld, have donemuchmore. Whatis importantis that we canex-
aminethe implicationsof differenttheoreticalassumptiondy varying componentsf the
arti cial systemfeedit differentdata,putit into anotherervironment,etc. Eachtime we can
carefully monitor the resultsof the experimentsand examinethe causalrelationbetweena
theoreticakssumptiorandobsenedbehaior. This approactthereforeintroducesanexperi-
mentalmethodologyinto the studyof learningwhich is not possiblewith humansubjects.
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7.5 Implications

Whatcanwe learnfrom this kind of experimentthatis relevantfor the future of learning?I
believe therearethreeimportanttake-homdessons.

The Nature of Early Word Learning

First, theseexperimentdell ussomethingaboutthenatureof learning,moreconcretelythe
learningof the very rst wordsandtheir associateaneanings.They shav thatthereis not
a singlemagicalmechanisnbut thatthekey lies in the integrationof mary differentskills,
rangingfrom sharingattentionturn-taking,vision, andcategorisationto wordlearning.They
alsoshaw thatit is notenoughto look at theindividualin isolation.

The interactionwith a mediatoris crucial andgamesare a goodway to structurethese
interactions! believe thatmediationis importantfor thefollowing reasons:

1. Thelanguagegameconstrainsvhat needsto be learned.In the speci ¢ examplede-
velopedhere this is knowledgefor classifyingobjects.So,ratherthanassumingprior innate
constraintson the kinds of conceptghat shouldbe learnedor assumingthat unsupervised
clusteringgeneratesnatural catgories', the social learninghypothesissuggestghat con-
straintsareprovided by the languagegamesnitiated by mediators.

2. Thelanguageggameguarantees certainquality of the dataavailableto thelearner It
constrainghecontet, for examplewith wordslike “listen” or throughpointinggesturesThis
helpsto focustheattentionof thelearner Adequatedataacquisitionis crucialfor ary learning
methodandthe moremobileandautonomoushelearner thelessolbviousthis becomes.

3. Thelanguagegameinducesa structurefor pragmaticfeedback.Pragmatideedback
is in termsof successn achieving the goal of the interaction,not in termsof conceptuabr
linguistic feedback.

4. Thelanguagegameallows the scafolding of compleity. Thegameusedin this paper
usesa single word like “ball” for identifying the referent. Once single words have been
learnedmorecomplex gamesecomefeasable We have alreadyexperimentedvith games
for learningnamesof actionsor morecomplex descriptionof scenes.

5. Sociallearningenablesactive learning. The learnerdoesnot needto wait until a
situation presentgtself that provides good learning databut can actively provoke sucha
situation.We have particularlyusecthis for theacquisitionof speechTherobot rst asksfor
thecon rmation of awordformbeforeincorporatinga new associationn its memory
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Figure7.8: Theemphasi®nlearnercenteredearningandIT-basedearningtoolsusedonan
individual basis,shouldnot makeus forgettheimportantrole of interactionasa motorand
enhancepf learningprocesses.

TeachingPractices

Our researchresultsaretoo recentto have hadary impacton educationapractice.How-
ever | believe thatthey are potentially far reaching. The child needsto learnto becomea
semiologistcapableof inventingnen meaningdor dealingwith reality andof externalising
meaningghroughwords or otherrepresentationsgnd so betterunderstandinghis process
canhelpto enrichor give atheoreticafoundationfor teachingpracticesparticularlyfor rst
languagdeaching.The main messag®f this paperis that our vision of "meaningcreation’
processeseedsto shift from the traditional natiist or empiriciststance which assumes
passve learnerconfrontingin isolationreality, towardsthe view of anactive beingengaged
in meaningconstructionn asocialfashion.

It alsobecome®bviouswhy children(andadults)have suchgreatdif culty to acquirea
secondanguagewithin a traditionalschoolenvironment,whereaghey learnit (seemingly)
effortlesslyin groundedocialinteractionwith others.The "school'styleof learninglanguage
differsin threewaysfrom the sociallearningof languagenodeledn ourroboticexperiments

1. Grounding: Traditionallanguageteachingusually takesplacein a de-cont&tualised
setting,without ary groundingin the realworld. This makesit very dif cult to form
meaningsi.e. to mapinformationto knowledge.

2. Mediation:Whenthereis a singleteacheiin front of a classroonof 30 or morepupils,
it is notpossibleto havetheone-on-onénteractionthatis necessarfor sociallearning.
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3. Activelearning:Our researclshavs thatthelearnermustbeableto taketheinitiative,
testingout differenthypotheseand lling in missingholes.In a classroontontet it
is very dif cult to achieve this form of active learning.

Thisis not meantto be a criticism of teachers.t is remarkablevhat a teachercanachieve
giventhe ‘unnatural'’circumstancesf a classroom.

Learning Tools

The methodologyof building arti cial systemsfor investigatingissuesin the theory of
learninghasan additionalbene t. It canpotentiallyleadto newv new educationatechnolo-
gies,throughrobotsor arti cial animatedagentsin virtual environmentsthatarefun to in-
teractwith, but at the sametime inducemomentsof sociallearning. Robotslike the AIBO
excite childrenenormouslyandinducethemto variousformsof socialplay (seealsothenext
chapterby KerstinDautenhahn).This suggestghat robotscould potentiallybe a platform
in which groundedsituatedearningmaybe embeddedncludingactiities in meaningcon-
struction.Robotscould eitherplay the role of mediatorfor helpingto learncertainconcepts
andthelanguagehatgoeswith them,or thelearnercould play the role of mediatorandthus
beforcedtore ect ontheirown concept®rlanguage Experiment$iave notyetbeendonein
thisdirection,andthey wouldin any caserequiremary moreadvancesn modelinglearning
processesnrobots.But the potentialseemsindeniable.
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Group Discussion?
The SocialLearning of Language

The Problem of Grammar

Johnson:You shaved ushow robotscould acquirebasicperceptuallygroundedconcepts
andthewordsfor them,but whataboutgrammar?

Steels: Well | didn't have time to talk aboutgrammay but that is anotherdirectionin
which | am working very intensely We are settingup experimentsin which robotsplay
languagaegameswith eachotherandbuild up notonly conceptsaandnamedor theseconcepts
but also grammaticalcorventionsfor expressingthings like predicate-agumentstructure,
determinationfime, aspectmodality, topic-commenstructure etc. | do not believe in the
Chomslkanideathatthereis a kind of abstracsystemthatexists prior to the rst dataand
in which parameterarethensetbasedn linguistic evidence.Instead believe thatgrammar
is somethingthat arisesgradually thatis constructedy the child. Considerthe distinction
betweenmounsandverbs. Even assuminghey were given innately how would you know
whetherawordlike “ ets” (bike)in Dutchwasanounor averb,unlessyou alreadyknow the
languageoreover the languagedatais confusingbecauseventhough® ets” is basically
anoun,it canalsobe usedasa verb (asin “ik ets naarhuis” (I bike home)). And how
would you explain that thereare languagesuchas Mundari, an Austro-Asiaticlanguage,
which do not makea distinction betweennounsand verbs. Any lexicalisedpredicatecan
be usedasa verbin the sensehatit canbe usedaspredicationandtakestenseandaspect
markers,agreementyoice, etc.,and asa noun, in which caseit takescasemarkersandis
usedreferentially Wordsthereforedenoteboth thingsandevents. For examplelutur means
bothearandlisten,andkumRua thief andto steal.

Sol believe thatgrammay eventhe basicgrammaticahotionslike nounsandverbs,are
constructedy languagaisersandthatchildrenhave to performthis constructve effort them-
seles, usingtheir genericcognitive apparatus.They have to usemechanisméike analogy
generalisationetc. | don't believe thereis a stronginnatesystemthatspeci esthatthereis
somethindike nounsandverbsin alanguagel realisethatwe have anenormousamountof
work aheadf usto actuallyprove all this throughexperimentsof thesortl have shovn you,
but thisis my planarnyway.

Rinaldi: The developmentof onelanguagecanbein uenced by the developmentof an-
otherlanguagepf the interactionbetweendifferentlanguages.n the Reggio approachwe
talk aboutthe hundredanguage®f children,which areall differentrepresentationthey use
to copewith reality. And we know from our practicethat children discover' andconstruct
thesdanguagesAre you working on theinteractionbetweendifferentmodesof representa-
tion?

Steels:This is avery interestingideabut we have not donearything onit. Your pointis
very well takenbecausef you look at the mary language®f expressionandthe feedback
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relationshipbetweenthem, one could bootstrapthe other andin this way they could all
graduallybe constructedThis is afantasticideato expandour researctprogram.
Rinaldi: We would bevery gratefulfor a deepemuunderstandingf all thisin Reggio.

Nature versusNurtur e

KenMogi: Thiswhole questionof natureversusnurturedoesnt seemvery productve to
me. In this particularexperimenthatyoudid, therobotis programmedo playthegame.This
is in somesensgyeneticallydetermined Without this kind of determinationtherewould be
nogame.

Steels:Yes,of course.This s true. But the claim of natiistsis muchstrongerthanthat.
Considercolour. Psychologistiike Sheppardvould saythatthefocal points,the prototypes,
for the basiccolourslike blue,green,red, etc.,areinnatelygiven. Also for phoneticsthey
would saythat phoneticcateyories,like whethera consonants voiced (as/d/) or unvoiced
(as/t/), which allow a distinctionbetweendifferentspeechsounds areinnatelygiven. The
argumentis not whetheryou needa geneticdeterminatestructureof somesort, clearly you
do,theargumentis about‘What arethey?”, “How language-speci @arethey? And thenyou
have thosetaking a strongstancethat conceptsgrammaticalcorventions,etc., areinnate.
And | amsaying:they arenot.

Mogi: I'm notalinguist. But | seeChomsly andhis colleaguessstravmenin research
nothwithstandinghat stravmenare fun, | think it is fair to saythat genesand experience
work together

Steels:Of course.But you mustagreethatone's theory of learningis goingto be very
differentif you assumethat colour cateyoriesareinnate,thatthey're x ed anduniversally
sharedwhat| calledthe labelling theory or if you assumehat colour conceptsare shaped
by ecology culture,andlanguage As long aswe do not go into detailaboutwhatis exactly
innate,we canargueuntil we fall asleep.

Mogi: My questionis: canyou stateagainwhatis innatein this system?

Steels: Therearea numberof genericabilities, e.g. the ability to cateyorize,to usean
associatie memory to visually extractfeaturesrom the ervironment,to shareattention etc.
Whatis not innateis which cateyoriesthereare, what wordswill be used,which word is
linked to which meaning. It is like neuralnetworks. They have the capabilityto arrive at
somegeneralisatiout you don't putin whatthe generalisatiors goingto be.

Punset:The mostcorvincing argumentof Steven Pinker'stheoryis thatit is impossible
for childrento learnalanguagen lessthanthreeyears,andit hascorvincedlots of people.
Childrenat thatagecanonly handlevery simplecalculationproblems.But languageseems
extraordinarilycomplex andchildrencandoiit.

Steels:l believe that childrentakemuchmoretime thanthreeyearsto learnalanguage!
If youinteractwith threeyearoldsyou have theimpressiorthey masteralot of languageout
if you probedeeperou nd they usealot of cannedhrasesvithoutreally having meanings
well establishedr without masteringthe propergeneralisations.For example,if you ask
a four year old aboutthe coloursof their clothesthey can answerperfectly becausehey
have beenplayinggamego namethesecolours. But if you askcoloursof unknovn objects
they cant doit. Colourwords,just to takethis example,only stabilisearoundthe age of
eightor so. For grammarit is much more dramatic. Many children cannotproducewell-
formed complex sentencegwith dependentlausesgtc.) until sixteenyears. Many adults
cannotproperlywrite out their thoughts.l stronglyresistthe ideathatlanguagdearningis

nished at threeyearsold. Insteadl believe thatwe learnandinventlanguageall our life
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Figure7.9: GroupdiscussionHow far canwe learnanything from building arti cial systems
for thepracticeof educationFromleft to right CarolineNevejan,BernardAllien, Luc Steels,
andMarleenWynants.

andconsequentlyhatteachinganguagewriting, etc.,mustbebasednthisassumptionWe
mustteachchildrento be active participantan the languagecommunityinsteadof assuming
thatall they haveto dois setanumberof parameterg aninnatelanguageacquisitiondevice.

PunsetBut would atheorybasedn learningnottaketoo muchtime?

Steels:No, we have donemary simulationsandthings go often surprisinglyfast. For
example,in the domainof speecltherearemary constraintghatnaturallylimit whatbeha-
iors the learnercan acquire. For exampleconstraintscoming from the articulatorysystem
(tongue yocalchords shapeof mouth,etc.) restrictthekindsof soundsyou canmake.These
constraintsdon't have to be innately given in your brain. They don't have to be learned.
Somesoundssimply cannotbe made.Therearemary otherconstraintsvhich pushlearners
naturallytowardscertaintypesof solutions. The argumentsusuallygivenfor innatenessare
argumentdrom ignorancewe don't understandhow childrencanlearnit soit mustbeinnate.
Butif wework harderatit, | believe thatwe canunderstandhe learningprocess.

Hedeaard In learninglanguagewe nd thatchildrenhave two stratgies,onefor learn-
ing namef objectsandanotheronefor learningnamedor action. Have you donearything
onactions?

Steels: Yes, | did not talk aboutit but we have experimentson this. The basicideais
thattherobotcomeswith arepertoireof behaiors organisedn a networkandtries different
actionsto nd outwhich oneis to beconnectedvith a certainname.

Hedayaard:l don't meanlearningtheaction.| meannamingtheaction.

Steels:Yes. But thelearningof the action,andthe conceptualisatioandthe namingof
it, they all gotogether Of courseall thisis very dif cult, butwe'retrying to doit.

Collective Learning

Nevejan: Canyou say more aboutyour experimentsin which groupsof robotstogether
developeda sharedsetof wordsandmeaningswithout humanintervention?
Steels: Yes, this is our way to investigatethe impact of culture on meaningcreation
andlanguage.We createda set-upwith a limited numberof “robotic bodies'ableto make
contactwith the world througha pan-tilt camera,and a large open-endedyrowing set of
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“agents',softwareentities, that could usethesebodiesto interactwith eachotherabouta
sharedsituationin theworld. The agentgplayeda guessinggame,anotherkind of language
game,in which the speakehadto draw the attentionof the hearerto an objectbeforethem
by usingwords. In the experiment the agentgdid not have ary a priori conceptsor ary pre-
givenlexicon. They constructechew meaninggo distinguishtheobjectsin theirenvironment,
namedthesemeaning,andabove all nggotiatedsharedmeaningdor the words. Thereis a
lot to say aboutthis experiment,which ran for several monthsand involved thousandsof
agentsput thekey pointis thatit shavedthatlanguagecanemegethrougha collective self-
organisingorocessvheneachof the participantsn thecommunityhastheability to construct
their own meaningsandwordsandatthe sametime adapttheir constructiongo thatusedby
others.

Wynants: Collective learning,sharinga vision in orderto learnandto develop together
is fundamentato the developmentof cognition. JustineCassellaccentuatethe importance
of self-efcacious storytellingaboutthe self, throughcollaborationwith otherchildrenand
throughthe developmentof realprojects.It helpschildrenseetheir own power andpossibil-
ity, to establishtheir belief thatthey canhave aneffect on theworld aroundthem. Or in the
wordsof psychologistiohnDewey: “I think thatevery kind of learningtakesplacethrough
the participationof theindividualin the socialconsciousnessf humankind.



