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Abstract

Representingbjectsin termsof their kindsenablesnferencedasedn thelong-termknowledge
madeavailablethroughkind conceptsFor example childrenreadily uselexical knowledgeinked to
familiar kind conceptdo disambiguatmewwords(e.g.,ii f ithetd o m:ah@yexcludememberof
familiar kindsfalling underfamiliar kind labels(e.g.,a ball) aspotentialreferentsandlink newlabels
to availableunfamiliarobjects(e.g.,afunnel) aphenomenonubbedasé mu tewecll usi vi t y 6.
Youngeri n f dailuresndnutualexclusivitytaskshasbeencommonlyinterpretedasa limitation of
earlyword-learningor inferentialabilities. Here ,we investigatedan alternativeexplanationaccading
to whichinfantsdo not spontaneouslyepresenfamiliar objectsunderkind conceptshencédacking
accesso theinformationnecessaryor rejectingthemasreferentof novellabels Building on
findingsaboutconceptuatlevelopmenandcommunicationwe hypothesizedhatnonverbal
communicatiorcould promptinfantsto setup kind-basedepresentationghich, in turn, would
promotemutualexclusivityinferencesThis hypothesisvastestedn alooking-while-listeningtask
involving novelword disambiguationTwelve-month-olds sawpairsof objects,onefamiliar andone
unfamiliar, andheardfamiliar kind labelsor novelwords.Acrosstwo experimentgprovidingacross
lab replicationin two differentlanguagesinfantssuccessfullydisambiguatedovelwordswhenthe
familiar objecthadbeenpointedat beforelabeling,but notwhenit hadbeenhighlightedin anon
communicativenanner(Experimentl) or not highlightedatall (Experiment2). Nonverbal
communicationinducedinfantsto recruitkind-basedepresentationsf familiar objectsthatthey
failedto recruitin its absencendthat onceactivated supportednutuatexclusivityinferences
Developmentathangesnc h i | appecdiafiosof communicativeeontextsmay modulatethe
expressiorof earlyinferentialandword learningcompetences.

Keywords

infancy,conceptuatievelopmentyword learning,mutualexclusivity, pointing, inference object

representatioreyetracking
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1. Introduction

Althoughtherearemultiple waysto represenbbjects,conceptuatepresentatiom
termsof objectkinds(e.g.,whetheranobjectis a cherryor a pebble)is a matterof routinefor
thehumanmind andcarriesimportantinferentialbenefits Providingaccesgo long-term
knowledge(e.g.,acherry, unlike apebble,is edibleandtasty;in English,itiscalledii c her r y 0
while in Frenchit is calledii ¢ e r coscegiuptepresentatiors a sourceof premisedor
inferenceguiding behaviourandcommunicationHere,we investigatedherelationship
betweercommunicationkind-basedbjectrepresentatin andinferentialprocesses early
developmentBuilding on evidencerom studieson conceptial andlexical developmentwe
hypothesizedhatyounginfantsdo not spontaneouslgeploytheir kind conceptdo represent
perceivedobjects which, in turn, preventshemfrom easilyaccessinghe associatedind
labelsandlimits therangeof inferencegheycanmaketo interprd verbalcommunication.
We testedthis proposalusinganadaptatiorof averbalreferencadisambiguatiortask,which

produceghe so-calledmutuatlexclusivity effectin olderchildrenandadults

1.1.The Role of Communication in Object Representation

While infantsasyoungas6 to 9 monthsof agereadilyencodeheir visualexperience
throughcorecognitionconceptgCarey,2009),suchashumaragentversusobject(Kibbe &
Leslie,2019;Bonattietal.,2002;Surian& Caldi,2010),basiclevel kind conceptgor
sortals Xu, 2007) suchasball or car,arenot adoptedor objectrepresentatiobeforeabout
oneyearof age.For example pbjectindividuationexperimentgoundthatuponseeinga ball
andacaremergingn analternatingmannerfrom behindan opaquescreenasituationin
which kind-basedepresentatioenablesnferring the presencef two hiddenobjects,10-
montholdswereunableto decidehow manyobjectswerethere while 12-montholds

succeedede.g.,Xu & Carey,1996 VandeWalle etal., 2000).Evenmorestrikingly,



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

youngerinfantsalsofailed to drawon kind conceptdo makesenseof avisualscenewvhen
providedwith uninterruptegerceptuahccesdo thetargetobjects(Xu etal., 1999).0One
interpretatiorof thesedifficulties in kind-basedndividuationis thatbasiclevel kind
conceptsandobjectcategoriesheypick outemergdateduringthefirst yearof life, andtheir
acquisitionmightdependon linguisticinput (Xu, 2002;Carey,2009;seealsoPerszyk&
Waxman,2018).However,evidencdrom studiesusinglabdling requiresconsideringan
alternativeinterpretationnamely,infantsmight be strugglingnot with thelack of kind
conceptsbut the recruitmentof theseconceptdor objectrepresentation

By 9 monthsof age,infantsreadily setup objectrepresentationthatinclude kind
informationin responseo familiar kind labels Simply namingthe objectsemergingin turns
from behindanocclude in atypical objectindividuationscenaride.g.,iLo p b aby 0 s
name],aducko uponbringingoutobjectl,andfi L o § b a lmam@&]sa ballo uponbringing
outobject2) enable®®-montholdsto usethe conceptsndexedby thefamiliar labels(buck,
BALL ) to successfullyestablishthe presencef two occludedobjects(Xu, 2002 for areview,
Xu, 2007). Furthermoreuponhearinga familiar labelthatdoesnot matchthe subsequently
presenteabject(e.g.,whensomeongointsto a screerannouncinghatit is hiding ashoe,
while aduckis revealedasthe screergoesdown), infantsatthis age like adults,producea
neuralresponseonsideredo indexsemantioviolation (i.e., N400O evenrelatedpotental,
Parise& Csibra,2012. Critically, whentheorderof presentatioms swappeduchthat
objects,insteadof words,areusedasprimes,the semantioviolation effectis not present
beforel4 monthsof age(Friedrich& Friederici,2005a,b; cf. Friedrich etal., 2017).
Togetherthesefindings suggesthatmerelyseeingfamiliar objectsdoesnot automatically
activatekind representationandthelexical informationassociateavith themeventhough

they arepartof infantdconceptuatepertoireandcanbeelicitedthroughlabelling This begs
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the questionof why younginfantsdo not spontaneouslynakeuseof kind knowledgen
familiar objectrepresentation.

At leasttwo, perhapssomplementaryanswergo this questionemergeFirst,
activatingakind representatiobasedon visualevidencemight be moredifficult than based
onalabel. Conceptualepresentationsncludingkind representationgreassumedo be
informationstructuregBarrett,2015) indexedby internalmentalsymbols(Sperbe&
Wilson, 1986) encompassintexicalinformation(i.e., labelsusedto expressonceptsn
naturallanguagég andnontlinguistic information(e.g.,perceptuafeaturesandfeature
combinationcharacterizinghe entitiesa givenconceptenotey As eachkind label
unambiguoushypointsto thekind symbolit is connectedo, naminganobjectdirectly
activatesakind-basedepresentatiorin contrastthe visualdatageneratedby looking atan
objectonly partly overlapwith thefeaturescorrespondindo a particularobjectkind storedin
thelong-termmemory(Murphy, 2004)becauseveryexemplaris different this partial
overlapmaybeinsufficientfor younginfantsto activatetheinternalkind symbolsand,
hencerepresenaviewedobjectasaninstanceof afamiliar kind. Secondthinking of objects
in termsof theirkindsis necessarandbeneficialonly if knowledgeassociateavith kind
conceptss usefulfor the cognitivetasksat hand.Thereforg kind-basedepresentatioof a
perceivedentity, althoughachievablemight not be usedasthe default.Insteadjt mightbe
conditionalonthecontextando n ecérrentgoals(evenin adults e.g.,accessingny
conceptuatepresentatiobeyondthe concepiof objectmaybeirrelevantif all we wantis to
avoidcollision).

Onetaskthatcannotbe accomplishedvithout conceptuabbjectrepresentatiors the
interpretatiorof communicationHumanreferentialcommunicatiorworks by invoking
meaningn theform of conceptuatepresentation@inker,2007;Macnamaral982;seealso

Bloom, 2000) In verbalcommunicationreferens aretypically introducedundera linguistic
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descriptionmarkinga specificconceptuaperspectivaeterminedy the purposeof the
communication(Clark, 1997;Geeraertetal., 2012).For exampleyeferringto ananimalas
fithed o girderlineghebasiclevelkind to whichit belongswhile referringto it as
ASebastianmy new puppyd emphasizeds individuality andprovidesindividualspecific
information As discusse@bove the ability to adoptparticularconceptuaperspectivesvhile
interpretingverbaldescriptionss manifestby 9 monthsof age asinfantresponado familiar
kind labek by settingup kind-basedepresentationsf referredobjects.In addition,theytake
novelwordsto referto objectkindsandcategoriessindicatedin avariety of experimental
tasks(e.g.,Dewar& Xu, 2009 Balaban& Waxmanl1997;Ferryetal. 2010,2013;Yin &
Csibra,2015;Pomiechowsk& Gliga,2019 and aroundtheir first birthday,theyrecognize
thatnovelwordsmight signalotherconceptuaperspectivebesidesobjectkinds(e.g.,
individuals, LaTourrette& Waxman,2020;Pickronetal., 2018;actionroles,Yin & Csibra,
2015;propertiesWaxman& Booth,2003)

Althoughlanguages arguablythe mostconvenientool to expresglifferentconcepts
underwhich areferentshouldbe consideredconceptuaperspectives notalwaysmade
explicit verbally.In particular,in nonverbalcommunicatiopnwhenno linguistic descriptionis
available in orderto interpretthe communicatednessagetheaddressebhasto supplya
descriptionof thereferenton their own. Theright level of representatiosanbeworkedout
by recruitingthe conceptthatis mostaccessibl®r mostrelevantgiventhe context(Sperber
& Wilson, 1986 seealsoTomasellg 2008. A wealthof experimentakvidencandicates
that for familiar objects adultstypically setup kind-basedconceptuatepresentationshat
by definition, correspondo basiclevel objectcategoriege.g.,cherry,dog computer;Rosch
etal.,1976;Rosch,1978; Tanaka& Taylor,1991;Lin etal., 1997).

Althoughto datetherehasbeenno systematignvestigationof whethemonverbal

communic&ion or, morewidely, communicatiorthatdoesnotinvolve labellingtriggers some



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

level of conceptuakncodingof referredobjectsalsoin earlydevelopmentinitial evidence
suggestshatit inducesinfantsto setup kind-basedepresentationsf familiar objects For
examplejntroducinganobjectin acommunicativenannembutwithout labellingit resultsin
arepresentationich in informationaboutits categoryfeatureqXu, Carey,& Quint,2004;
Shamsudheer2020;Ferryetal., 2013;Fergusor& Waxman,2016 Thieleetal., under
review) andbr functions(Futdetal., 2010) which would not necessarilyoe encodedn a
norrcommunicativecontext Furthermorea closerlook atthe methodsof studiesreporting
successfukind-basdobjectindividuationin oneyearoldsrevealsthat while refraining
from labellingobjects paradigmssystematicallynvolved ostensivecommunicatiorand
objectdirectedreferential actions Forexample,n thetasksdescribecabove(Xu etal., 1999;
Xu, Carey,& Quint,2004),infantswereostensivelyaddressee.g.,ii L o attkis, INFANTGS
NAME. N 0 w .aridtheobjectswerehighlightedvia tappingthemagainsthetable anaction
that12-montholds havelikely interpretedasa deicticreferentialsignal(Pomiechowsk&
Csibra,underreview). It is thuspossiblethati n f asuctessdusingkind-basedconcepts
for objectrepresentatiodocumentedn theliteraturehasbeenfacilitatedby communicatn
aboutthe presentedtems, which triggeredtheretrievalof the availableconceptual
knowledge

Building on thesetheoreticalandmethodologicabbservationsywe hypothesizedhat
infant®useof conceptuatepresentatiomight not be spontaneoubut contingenton the
cognitivetasksthey engagen, suchasinterpretatiorof communicativeactsdirectedat them.
To examinethis hypothesisn the presenstudy,we investigatedvhetherthe natureof
representationthatinfantsrecruitfor objectsdependon whethertheseobjectsare
introducedin acommunicativenanneror not. More specifically,we comparedbject
representationthat 12-montholds setup for familiar objectsin thefollowing situations (1)

whenthetargetobjectis highlightedby a nonverbalcommunicativeactionin theform of
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pointing (Experimentsl-2), (2) whenthetargetobjectis highlightednorn-communicatively
by movingvertically onthe screenExperimentl), and,finally, (3) whenthetargetobjectis
nothighlightedatall (Experiment2). If infantsarecompelledto retrievea conceptual
descriptionof a familiar objecttargetedoy a nonverbakcommunicativeaction,the
informationthatcomeswith a conceptuatepresentatiofe.g.,label,function, propertie$¥
shouldbecomeavailableto themandcould supportinferentialprocessethatrely on this
information Here,we focusedon inferencesnvolvedin disambiguatingrovelwords we
reasonedhatyounginfantsmightfail to apply mutualexclusivity to interpretthesewords
simply becauséherepresentationdbrmatsthey spontaneouslysefor familiar objectsdo
not provideanylinks to lexical information.

Arguably,ouridearestson theassumptiorthat whenpromptedoy nonverbal
referentialcommunicationinfantswould categorizéamiliar objectsin termsof their kinds
Althoughany conceptcould berecruitedto makesenseof nonverbakommunicatior(e.g.,
kind, individual, property,action) thosethataremostavailableandeasiesto accesshould
be prioritized (Bloom, 2000;Horton & Markman,1980).The experimentaliterature
indicatesthatinfantsprioritize kind conceptoverotherrepresentationsheninterpreting
verbalcommunicatioraboutfamiliar objects(Dewar& Xu, 2009;Pomechowska& Gliga,
2019;Xu etal., 1999;Xu, Carey,& Quint,2004 Futoetal.,2010;seealsoYin & Csibra,
2015) Importantly,this interpretatiormight stemfrom the structureof the speechnput
infantsreceive Parentscommonlytalk aboutobjectkindsandemploykind labels(e.g.,

A d o maréfrequentlythanlabelsdescribingotherlevelsof categorizatior{e.g.,fi ma mma | 0
or fiGoldenretrieven, Brown, 1958;Callanan,1985. We thusreasonedhatinfantsshould

favourkind-basedepresentationalsowheninterpretingnonverbakcommunication.
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1.2.Conceptual Representationat the Serviceof Word Disambiguation

Whenpresentedvith two objects,onebelongingto a familiar kind (e.g.,dog) andthe
otheroneto anunfamiliarkind (e.g.,phototube)andrequestedo ii f ithemo x i 0 ,
monolingualadultsandyoungchildreninterpretthis expressiorasreferringto the unfamiliar
object(Markman& Watchel,1988;Merrimanetal., 1989;Mervis & Bertrand,1994;Bion et
al.,2013;Halberda2006;Diesendruck& Markson,2001;HoustonPriceetal., 2010;
Golinkoff etal., 1992;1996;Spiegel& Halberda2011 Markman,Wasow,& Hansm, 2003;
for bilingualssee e.g.,ByersHeinlein & Werker,2009,2013;ByersHeinlein,Chen& Xu,
2014;HoustonPriceetal.,2010;Au & Glusman,1990;Davidson& Tell, 2005 for a meta
analysisseelewis etal., 2020. This interpretatiorrestson recognizingthe familiar object
asamemberof thekind dogandusingthelabelassociatedavith this concept fi d dog 0 )
discardthis objectasa potentialreferentof thenovelword ( i mo. Xripartantly,infants
below16-18 monthsof age,evenwhentheyknow the nameof thefamiliar object,seem
unableto decidewhatthe novelword refersto, thusfailing in mutualexclusivity tasks This
apparentlevelopmentashift in performancevasconsistentlyreportedn anumberof studies
(Halberda2003;Bergelson& Aslin, 2017;Garrisonetal., 2020;cf. Mather& Plunkett,
20103.

Variousexplanationgor disambiguatiorthroughmutualexclusivity havebeen
advancedSomeproposedhatchildrenareequippedwith specificlexical principlesthat
guidetheirinterpretatiorof newwords(e.g.,mutualexclusivity principle, Markman&
Watchel,1989;Markman,1990;novetnamenamelessategory Golinkoff, Mervis, & Hirsh-
Pasek1994;Mervis & Bertrand,1994) Otherssuggestedhattheir behaviouris underpinned
by pragmatidactors(Clark, 1988,1990;Diesendruk& Markson,2001;Bloom, 2000)or
developmenof word-learningheuistics basedon experiencevith lexical regularitiesin

0 n didgaistic environmen{ByersHeinlein& Werker,2009,2013;Lewis etal., 2020;see
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also,Lewis & Frank,2013;Frank,Goodmang& Tenenbaum2009) Regardlessf what
motivateschildrento avoidlexical and/orreferentialoverlap,passingnutualexclusivity
tasksrequires applyinga sequencef inferentialrules(e.g.,disjunctivesyllogism) involving
thefollowing inferentialsteps(Halberda2003,2006) (1) i mo xésaribeobjectA or
A @ x degcribeobjectB (A ORB); (2) i f ithem o x do@snotreferto objectA because
this objectfalls underthelabeli d o(B@TA); (3) A f itherd o x mudtreferto theobjectB
(THERFORBB). Hence,it waspreviouslyassumedhatyounginfantsfail to showthe
mutualexclusivity effectsbecausé¢heylack somepartof thenecessarjnferentialapparatus
do nothaveaccesgarticularprinciplesregardingword meaning or havenot hadtime to
developnecessaryord-learrning heuristics
However,disambiguationthroughmutualexclusivity mayalsofail if infantsdo not
automaticallyrepresentamiliar objectsunderfamiliar kind conceptsandassociatedind
labels(a prerequisitdor step2, in thedisjunctivesyllogismdescribedabove) Without
settingup objectrepresentationthatmediateexical knowledgethereis noway to contrast
thenewly encounterediovelword with thefamiliaro b j enanmegtasedin oned bng-term
knowledgeIn otherwords,infantsmight be equippedwith the computationatoolsand
knowledgeto disambiguateovelwords butsimply standno chanceof applyingthem
becauseheydo notrepresenthefamiliar objectsin the appropriatéormat thatwould
supportaccesdo lexical information.If it is thenthelack of spontaneousategorization
underkind conceptghatpreventshemfrom applyingmutualexclusivity, promptinginfants

to deployconceptualepresentatioshouldenablethemto disambiguateovelwords.

1.3. The PresentExperiments
In the presenexperimentsve investigatedvhethemonverbalcommunicatiormakes

infantsdeploykind conceptgo representamiliar objects More specifically,we testedthe
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hypothesighatin 12-montholdskind-basedbjectrepresentatiosanbetriggeredthrough
nonverbaktommunicatioraboutfamiliar objects andthis shouldbereflectedin succeskil
novelword disambiguationWe usedan adaptatiorof a standardanutuatexclusivity looking-
while-listeningtaskmodelledon thatusedby Halberda(2003,2006) butwe additionally
introduceda manipulatiomaimedat triggeringconceptuabbjectrepresentatiobefore
labelling.Like in theoriginal task,on eachtrial, infantswerefirst presenteavith two objects
anexemplarof afamiliar kind whoselabelthey shouldknow (e.g.,a ball) andanunfamiliar
item (e.g.,a paperpuncher) Then,unlike in theoriginal task on sometrials thefamiliar
objectwastargetedoy a brief nonverbalcommunicativeactionin theform of pointingaimed
attriggeringcategorizatiort conceptuatepresentatiofexperimentatondition) On other
trials (controlconditions)the familiar objectmovedrepeatedhyalongvertical axis
(Experimentl) or wasnothighlightedatall, asin original mutualexclusivitytasks
(Experiment2). Following this, infantswereeitherpromptedwith a phrasecontainirg a
familiar word correspondingo thefamiliar object(e.g.,fiWhereis the ball20) or an
unfamiliarword (e.g.,iWhereis the moxi?0). Theirlooking behaviouwasrecordedo assess
referentselection Both manipulationghighlighting beforelabelingandword choiceduring
labeling wereappliedwithin subjectgN = 20 perexperimen. If (i) conceptual
representationf thefamiliar objectis necessaryo disambiguat@ovelwords and(ii) infants
do not spontaneouslgncodeamiliar objectsin termsof their kindsbut (i) nonverbal
communicatiortriggerssuchencodingjnfantsshoulddisplaysuccessfutlisambiguation
throughmutualexclusivity in the experimentatonditionsonly.

We choseto test12-montholdsfor threemainreasonsFirst, theywerepreviously
shownto appreciatenonverbakcommunicatior(e.g.,Senju& Csibra,2008; Hernik &
Broesch2019;Tauzin& Gergely,2018,2019. Secondtheir conceptuatepertoirecontains

ahandfulof lexicalizedbasiclevel objectkind conceptgBergelson& Aslin, 2017;
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Bergelson& Swingley,2012;Parise& Csibra,2012).Last,thereis initial evidencehat12-
monthold infantscanapply deductiveinferenceinvolving exclusionin nonverbakontexts
(CesandArlotti etal., 2018 2020 Halberda,2018;cf. Leahy& Carey,2020.
Nonverbalcommunicatiorwasoperationalize@spointingbasedn theevidence
from interpretatiorandproductionstudiesindicatingthatby 12 monthsof ageinfantsboth
recognizeaswell asusepointingasa communicativeactionexpressg deicticreference
While severaktudiesconfirm thatinfantsexpectpointinggestureproducedoy othersto be
directedat specificobjectsor locations whethempointsareaccompaniedy gazeandpostural
information(i.e., theactor/experimenteiurnshis headin thedirectionof the point, Gliga &
Csibra,2009;Behneetal., 2012)or not (i.e., only the pointinghandis visible, Daumetal.,
2013;Pomiechowsk& Csibra,underreview), the strongesevidencehatpointingis
understoodisareferentialactcomesfrom studiesdemonstratinghat 12-montholds expect
pointsto co-referwith concurrentlyproducedabels.GligaandCsibra(2009)showednfants
videosof anactresgointingto thelocationof a hiddenfamiliar objectwhile namingit.
Infantslookedlongerwhenthe namedobjectwasrevealedhot at thelocationindicatedby the
pointinggesturesbut on the oppositesideof thedisplay.Furtherexperimentakvidence
demonstratethatwhenoneof two unfamiliarobjectsis pointedat duringlabeling,infants
takeit to bethereferentof the novellabel,aninterpretatiorthey do notdeploywhenthe
objectis targetedby aninstrumentahctionsuchasgrasping(Pomiechowsk& Csibra,under
review).In production,12-montholdsnotonly deploypointingto selectivelyindicateobjects
theywantto learnabout(Kovacsetal., 2014)or inform about(Liszkowskietal., 2004,
2007),but alsoto referto kinds of absenbbjects(e.g.,infants requesimoreof theitemsthese

containergreviouslycarriedby pointingto emptycontainersBohnetal.,2015,2018).
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2. Experiment 1
We soughtto find outwhetheri n f aefetests&lectionin responseo familiar andnovel
wordsdeliveredindividualy in the presencef two objects(onefamiliar, oneunfamiliar)
would be affectedby theway theyrepresenthefamiliar objectprior to labdling. To this aim,
we highlightedthe familiar objectprior to labellingin oneof two ways.In theexperimental
condition,highlighting consistedn pointingtowardsthe familiar object,a nonverbal
communicativeactionthatwasexpectedo triggerconceptuatepresentationf the target In
the controlcondition,highlighting consistedn the objectmovingup anddown,which was
expectedo attracti n f aattentionfo the objectthe sameway aspointingbutwithout
eliciting conceptuaéncoding.

If infantsat this agespontaneouslgrawon kind conceptdo representamiliar
objectsandtheir difficulties at disambiguatingrewwordsaredueto theimmaturity of their
inferentialapparatu®r lack of word-learningskills, their performanceshouldbe comparable
acrosshighlighting conditions:they shouldsucceedn recognizingthe familiar wordsandfail
to disambiguateéhe novelones.If, ontheotherhand,earlynovelword disambiguation
performances limited by theabsenc®f spontaneousonceptuaéncodingof familiar
objectswhich, however canbetriggeredby nonverbacommunicatbn aboutanobject(but
not by its movement)jnfantsshouldbe ableto disambiguateovelwordsonly in the

experimentatondition.

2.1Method
2.1.1.Participants
Twenty 12-montholds (M = 12 months3 days,range:11 monthsl5 daysto 12

months27 days)from monolingualEnglishspeakingamilieswereincludedin theanalysis.
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All infantswerebornfull-termandhealthy.An additional10 infantsweretestedout hadto
be excludedfrom theanalysishavingfailed to completethe experimeni{n = 6) or provide
enoughdata(n = 4, for inclusioncriteriaseebelow). Infantswererecruitedthrough
advertisingin thelocal press All caregivergrovidedwritteninformedconsentPaticipation
wasrewardedvith asmallgift. Our samplesizewasselected priori basedon thereview of
word-recognitionliteraturein oneyearolds(e.g.,Bergelson% Aslin, 2017;Pomiechowska

& Gliga,2019).Thestudywasapprovedoy thelocal ethicalcommittee.

2.1.2.Apparatus

Wecollectedi n f aindcudafgazedatausng a TOBII TX300 eyetrackerwith an
integrated?23-inch monitor (resolution1920x 1080px, refreshrate:60 Hz, Tobii
Technology Danderyd Swedenhttps://wwwtobii.com/) The dataweresampledat 120 Hz.
Externalspeakersleliveredthe sound.The stimuli presentatiomnddatacollectionwere
administeredhroughMATLAB , with Psychophysic3oolboxfor stimuli presentation
(Brainard,1997)andthe Tobii Pro Analyticsfor datacollection

(https://Iwwwtobiipro.com/productlisting/tobipro-sdk/).

2.1.3.Stimuli

Objectstimuli werecolourphotographsepesentingl6 kinds of objects Eight of
themwereselectedo befamiliar to theinfants(ball, bananacar,cup,shoe,spoon teddy,
telephonepndthe other8 to beunfamiliar (cheeseyrater,flashlight,garlic press hourglass,
massag¢ool, padlock,paperpunchershell) basedon the previousexperimentatesearch
(Parise& Csibra,2012;Bergelson& Swingley,2012)andparentakreports(Hamilton,
Plunkett, & Schafer2000).Two differentphotographgerobjectkind wereused.Their

displaysizewas375x 375px, subtendingapproximately9° of visualangleduring
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presentationThe depictedobjectswerematchedn height,andwheneveipossiblealsoin
width.
Word stimuli wereeightfamiliar wordsin theform of countnounscorrespondingo

thefamiliar objectkinds(i.e.,ib afib an dcaOupdh desPp.odtnedddy o,

=1

t el e pahdfour pséudewordsconformto Englishphonotactic§ i d & xn@i, 0 ,

3t

p e Kioval,gThepseudewordswereselectechotto overlapin their onsetphonemesvith
anythefamiliar words.All word stimuli wereembeddedhn thefollowing carrierphraseHi
baby!Look! Whereis the [LABEL]? [LABEL! [LABELY! Thespeectwasrecordedby afemale
nativespeakenf British Englishusinginfantdirectedprosody.Therewasa singletokenof
eachphrasegnsuringthatinfantslooking responsegvould not be affectedby auditory
differencesdhetweenabellingphrases.

All stimuli andsampleanimationsareavailableat https://osf.io/rn6zv/

2.1.4.Design

We usedatwo-by-two within-subjectfactorialdesign First, we manipulatedheway
in which thefamiliar objectwashighlightedbeforelabelling.In the experimentatondition,
i n f attehtisnfo thefamiliar objectwascalledby pointing,while in the controlcondition
bytheo b j esmadll\vericalmovementSecondwe variedwhethertheword utteredafter
highlightingwasthe basiclevel nameof thefamiliar objector anovellabel. The experiment
consistedf 16trials (4 pereachcrossingof factors)deliveredin two blocksof 8 trials
blockedby highlighting condition,with half of theinfantswatchingthe experimental
conditionfirst, andthe otherhalf watchingthe controlconditionfirst. The blockswere
presenteavith ashortbreakin between(30s), duringwhich infantswereshownan
animationof geometricshapesnovingto the soundof soft music.This breakwasintroduced

to helpmaintaini n f antetesirdthetask.


https://osf.io/rn6zv/

14

2.1.4.1.Experimental Condition. On eachtrial, infantssawtwo objectsplacedon the
oppositesidesof awhite table(Figurel): onebelongedo afamiliar kind andthe otherwas
anunfamiliarobject.At thebeginningof thetrial, the objectsappearedimultaneoushand
remainedstill in silencefor 2 s. This periodof time wasusedasa within-trial baselingphase
tomeasure n f spohtan@ousnagepreferenceThen,adownwardpointinghand
appeare@bovethe familiar object.It moveddowntowardsthe objectandup awayfrom it

threetimes,without enteringin contactwith the object. This wasaccompaniedty ajingle
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A Experimental condition | Experiments 1-2

Familiar-word Speech No speech ~ Where Car. Car.
a2 stimuli is the car?
condition
¢

Visual S =

stimuli o @ e @ e @ ® @ e &
Novel-word Sp.eed.v No speech is (m:\':).xi? Moxi. Moxi.
condition stimuli . .

’, f”, r”#_ T”é'T”é T“

Trial BASELINE HIGHLIGHTING PRETEST ATTENTION GETTER Test
phase
2s 3s 0.75s TEST QUESTION Ss

variable duration

B Control condition

Experiment 1 Experiment 2
@
e & e @
) 4
MOVEMENT NO MOVEMENT
3s 3s

Figure 1. Experimental designacrossExperiments 1-2. Thetrial structureandtiming werekept
constanthroughouthe study.We useda two-by-two design,with two highlightingconditions
(experimental. control)andtwo labelingconditions(familiar v. novelword) in eachexperiment.
(A) Experimentaktonditionsinvolved pointingto the familiar objectandwereidenticalacross
experimentgexceptfor language Englishin Experimentl; Hungariann Experiment2). The
schematiagepresentsrial structureacrossamiliar- andnovetlword trials. (B) Control conditiors
differed betweerexperimentsin the control conditionof Experimentl, the familiar objectmoved

vertically; in the controlconditionof Experiment2, bothobjectsremainedstill.

soundrepeatedwo times(for atotal durationof 0.9 s). This highlighting phasdastedfor a
total durationof 3 s. After the pointinghanddisappearedhe objectswerepresentedn
silencefor 0.75s beforei n f attehtisndvasbroughtto the middle of thedisplayby a

dynamicattentiongetter(a pulsatingsquareexpandingandshrinkingbetweerb0 x 50 px and
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150x 150px, i.e., betweeril.00°and2.35°visualangle).This wasdoneto ensurehatinfants

wereat anequaldistancefrom the two objectsat the onsetof thelabellingphaseThe

attentiongetterwasgazecontingentsuchthatlooking atit continuouslyfor 0.5swould

initiate the onsetof thelabellingphaseThedisappearancef theattentiongetterwas

synchronizedo the offsetof thelabelandmarkedthe beginningof thetestphase Thetest

Highlighting Side of the target
Trial Block condition Word condition Word stimulus object Object stimuli
1 1 Experimental Familiar banana left {
R - {1
p
2 1 Experimental MNovel moxi left u @
3 1  Experimental Novel dax right 1
4 1  Experimental Familiar shoe right @ >
5 1 Experimental Mowvel dax left T (Iii'
& 1 Experimental Familiar shoe left -~
7 1  Experimental Familiar banana right ""1" (
- -
¥
B 1 Experimental MNaowvel moxi right ) .
Aftention-getter video (30 s)
g 2 Control MNovel peko left ,s g
-
10 2 Control Familiar telephone left - b 4
&) E
— y
11 2  Control Familiar teddy right l E\\
b 1
12 2 Control MNowvel wug right -
iy —
13 2 Control Familiar teddy left @ r
-
14 2  Control MNovel Wig left i ! ‘\
15 2 Control Mowvel peko right ﬁﬁb 4
== 7
16 2 Control Familiar telephone right ﬁ .\;é)

Figure 2. Sampleexperimentalist (seesection2.1.4.3Counterbalancing).
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phasdastedfor 5 s, duringwhich theisolatedlabelwasrepeatedwo moretimes(startingat

1.5sand3.5srelativeto the onsetof thetestphase).

2.1.4.2.Control Condition. Thetrial structureandtiming wereidenticalto theexperimenrdl
condition.Theonly differencebetweerconditionswastheway in which the familiar object
washighlightedbeforelabelling: insteadof beingpointedat, it movedup anddownthree

times.

2.1.4.3Counterbalancing. For eachparticipantthe novelandfamiliar objectswere
randomlypairedinto 8 pairs(Figure2). Fourpairswerethenassignedo the experimental
conditionandthe otherfour to the controlcondition.Within eachhighlighting condition
(experimental. control),eachpair of objectswasassigneda uniquetargetword (either
familiar or novel) andthis pair waspresentedwice, with differentexemplarof the
correspondingategoriesn eachpresentationFor example thelabellingphrasei w h ésr e
theb a n a wasuseédin two trials within the assignedighlighting condition,andeachtime
it wasaccompaniedby differentimagesof abananaandthe correspondingnovelobject.
Thisresultedin 8 trials perhighlightingcondition:4 usingfamiliar wordsand4 usingnovel
words.Theobjectlocationswereswappedrom onepresentationo another.

Theorderof trial presentationvithin the block wasrandomizedwvith thefollowing
constraints(1) thereshouldnotbe morethantwo trials from the sameword condition

(familiar v. novel)in arow, (2) thetargetobjectshouldnot be displayedmorethantwo times

! The target word/object pair assignments were counterbalanced across but not within participants to avoid the

following confound: had we used witbarticipants counterbalancing, for some object pairs the falndidrial

(e.g., OWhere is the baHraanbaed? )t rwoaul di{oead gmne, bdeWheeored dihse e
i mpossible to det e sundessatappliireg motual egclusivly becéuseiwe Woald riotshé able

to tell apart whether (1) they retrieved the familiar label on their own after having recrbiieddind
representation of the familiar object or (2) simply memorized it from thepfanidiadabel trial.
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onthesameside,and(3) the sametargetword shouldnot be presentean two consecutive

trials.

2.1.5.Procedure

Infantsweretestedndividually in asoundproofanddimly lit eyetrackinglab, sitting
in acarseatapproximately60 cm from the eyetrackingcameraandthe monitor. Caregivers
satbehindthemandwereinstructedio remainsilentandrefrainfrom interactingwith the
child. Eachsessiorstartedoy a 5-point calibratian routine,performeduntil 4 out5 points
weresuccessfullycalibrated Thetaskstartedmmediatelyafterthe calibration. Thetesting,

includingthe calibrationroutine,lastedapproximately7 minutes.

2.1.6.Data Processingand Analysis

Theanalysiswasperformedonly onvalid trials, definedastrials duringwhich infants
providedat least50% of on-screerdataduringbaselinehighlighting, labelling,andtest
phasesOn averageinfantscontributedl2.6trials (SD= 2.59,range:8 to 16; experimenth
conditionwith familiar words:M = 3.25trials, SD= 1.02 experimentatonditionwith novel
words:M = 3.20trials, SD= 0.89 controlconditionwith familiar words:M = 2.95trials, SD
= 0.99 control conditionwith novelwords:M = 3.20trials, SD=0.95.

To quantifyi n f dooking b&haviourwe definedtwo squareshapedareasof
interest(AOIs), onecentredaroundthefamiliar objectandthe otheronearoundthe
unfamiliarobject. The AOIs éurfacewasslightly larger(505x 505 px) thanthe surfaceof
thedisplayedpictures(375x 375px) to accommodateparsegazepoints. TheseAOls
includedthe surfacecoveredoy the movingobject(in the controlcondition),butdid not

includethe surfacecoveredby the handmovemen(in the experimentatondition).
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2.1.6.1.Main Analysis. Theaim of our mainanalysiswvasto assessvhetherthe
i nf dookingpatternsattestwereaffectedby theirinterpretatiorof labels.Our main
outcomemeasuravasa baselinecorrectedoroportionof looking at the familiar object
(corrPLF), whichreflecshowi n f dooking b&haviourattestwasaffectedby naming
relativeto a silentbasline phasewithin eachtrial. This measuredjustsfor preferenceshat
infantsmight havefor individual picturestimuli. For eachtrial, wefirst calculatedhe
proportionof looking atthefamiliar objectduringthebaselineandtestphasesThis wasdone
by dividing thesumof AOI hitsrecordedn thefamiliar objectAOI by thetotal AOI hits
recordedn thefamiliar or unfamiliarobject®AOIs: PLF =AOIl_HITSamiLiar_osiect/
(AOI_HITSamiuar_osiecTt AOI_HITSiNFamiLIAR_osiec). We thensubtractedhe PLF at
baselindrom the PLF attest:corrPLF = PLFresti PLFsaseLine SuchderivedcorrPLF
valuesrangefrom -1 to 1. Positive corrPLF valuesindicate anincreasen looking to the
familiar objectrelativeto baselingwhich correpondsto thedecreasén looking at the
unfamiliarobject.NegativecorrPLF valuesindicae a decreasén looking to thefamiliar
object which correspondso theincreasen looking to theunfamiliarobject Therefore,
positivecorrPLF scoressuggesthatinfantsrecognizethe familiar words,andnegative
corrPLF scoressuggesthattheylink novelwordsto the unfamiliarobjects.The datafrom
thevalid trials wereaveragedcrosgrials by highlighting (experimental/. control)andword
(familiar v. novel) conditions.

While our main analysiswasperformedon thefixation datasummedoverthe
durationof thetestphasgFigure3), to illustratethetime courseof i n f aesgorssésve
plottedalsothe evolutionof the corrPLF acrosdime (Figure5). Thetime coursedatawere
derivedwithin-trial by subtractinghe averagePLFsaseLine from PLFrest ateachsample

(i.e.,time point) of thetestphase Then,we computedndividual average®y averagingover
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trials within eachconditionseparatelyor eachparticipant andfinally we compute grand

averagegor eachconditionby averagingover participants

2.1.6.2 Additional Analyses.An additionalanalysiswvasperformedo investigate
howi n f attentisn@vasdistributedduringthehighlightingphaseand,morespecifically,
whetherthefamiliar objectswereattendedquallywhenbeingpointedatandwhenmoving
vertically on their own. To this aimwe computedandcomparedhe proportionof looking at
thefamiliar objectduringthe highlighting phasgPLFicHLIGHTING) acrossconditions

(experimentals. control).

2.2.Results

A preliminarymixed-modelANOVA on averagecorrPLF datawith block order
(experimentatonditionin block 1 v. in block 2) asa betweersubjectfactor,aswell as
condition(experimental. control)andword (familiar v. novel)aswithin-subjectfactors
yieldedno significanteffectof block ordernor significantinteractionswith this factor, all ps
> 0.35. Thus,block orderwasremovedirom furtheranalyses.

A repeateemeasure®ANOVA with condition(experimental. control) andword
(familiar v. novel) aswithin-subjectfactorsrevealeda significantinteractionbetweenvord
andcondition,F(1,19)=7.098 p = .015, dp? = .27 (Figure3). To resolvethis interactionwe
comparedheresponseto familiar andnovelwordsseparatelywithin eachconditionusing
pairedsampled tests(two-tailed).In the experimentatondition,familiar words(M = .14,
SD=.26)elicitedasignificantly differentlooking patternthannovelwords(M = -.11,SD=
.21),1(19)=2.841, p=.010,d = 0.64,95%CI =[.07, .43], while in the controlcondition
theydid not, t(19) = 0.284, p=.780, d = 0.06, 95%CI = [-.14, .10], (familiar words:M = -

.01,SD=.15;novelwords:M = .01, SD=.21). Furthermorepnly in the experimental
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conditiontheresponsedifferedsignificantlyfrom baseling assessety two-tailedone
samplet testsagainsi0). This wastruewhetherinfantsheardfamiliar words,t(19) = 2.3&, p
=.028,d =0.53,95%CI =[0.02,0.26],in which casetheytendedo increaseheir looking
towardsthefamiliar object,or novelwords,t(19) = 2.2%, p=.033,d = 0.51,95%CI =[-.01,
-.21], which madethemincreaseheir looking to the novelobject.In the controlcondition,
infan t leo&ing remainedatthe baselindevelfor bothtypesof words,ps > .70. Figure5

showsthetimecourseof i n f aorPld- éesponsespilt by condition.It indicatesthatin the
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Figure 3. Resultsof Experiments 1 and 2;
Baselinecorrected proportion of looking at the
familiar object (corrPLF). ThecorrPLF
indicateschangesn looking to thefamiliar object
duringthetestphaserelativeto thesilentbaseline
phasePositivevaluesindicateanincreaseand
negativevaluesindicatea decreasén looking at
thefamiliar object,which areequivalent,
respectiely, with adecreasandanincreasen
looking atthe unfamiliarobject.Yellow diamonds
represengroupmeansBlack horizontallines
indicatemediansThebottomandthetop of the
boxesrepresenthefirst andthethird quatrtiles.
Whiskersextendfrom the middle quartilesto the
smallestandlargestvalueswithin 1.5timesthe
interquartilerange Pointsconnectedcrossdoxes

represenindividual means

experimentatonditiontheir responseso familiar andnovelwordsdifferedfrom eachother

andfrom baselinen a sustainednannerthroughmostof thetestphaseNo clear

differentiationbetweernwordsor eitherword andbaselinecanbe observedn the control

condition.
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1 Additional analysesevealedhatduringthe highlightingphaseanfantsoriented
2 preferentiallyto thefamiliar objects(Figure4). Importantly,the pointing (M =.74,SD=.13),

3 intheexperimentatondition,andthemovemen{M = .76, SD=.12),in thecontrol

Experiment 1 Experiment 2

0.75 _¢_ _¢_ i

PLF

0.50

Experimental Control Experimental Control

Figure 4. Proportion of looking at the familiar object (PLF) during the
highlighting phasein Experimentsl and2. Yellow diamondsepresenineanPLF.
Barsrepresenthestandarderrorof themean The bottomandthetop of the boxes
representhefirst andthethird quartiles Whiskersextendfrom the middle quartiles
to thesmallestandlargestvalueswithin 1.5timestheinterquartilerange.Dots

repesentindividual averags.

4  condition,inducedsimilar amountof looking atthe highlightedobject,t(19) =.668,p = .512,
5 d=0.15,95%CI =[-.06,.11]. In bothconditionsinfantslookedat thefamiliar objectlonger
6 thanexpectedy chanceof (.5):1(19)=7.925,p<.001,d=1.77,95%CIl =[.67,.80] in the
7  experimentatondition;andt(19)=10.035,p<.001,d = 2.24,95%Cl =[.71,.82] in the
8 controlcondiion. Theirlevel of looking wasnot affectedby block order,asrevealedby a
9 mixedmodelANOVA with block orderasabetweenrsubjectfactorandconditionasa

10 within-subjectfactor,all ps>.25.

11
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2.3.Discussion

Confornming to our predictionsthe currentresultsindicatethatthewaysin which
familiar objectswerehighlightedbeforelabellingdistinctly influencedi n f antetpretétion
of speechOnly in theexperimentatondition whenlabellingfollowed nonverbal
communicationaboutfamiliar objects infantsreactedlifferently to familiar andnovelwords
Relativeto asilentbaselineaecordedeforehighlightingandlabelling attest theyincreased
their looking to familiar objectsafterhearingfamiliar wordsand,converselytheyincreased
their looking to novelobjectsafterhearingnovelwords This patternof looking behaviour
indicatesthatinfantswereableto interpretbothfamiliar andnovelwords More specifically,
theyidentifiedfamiliar objectsasthereferentsof expressionicludingfamiliar labelsand
rejecedfamiliar objectsasreferentsof expressionmcludingnovellabds. Thereforethese
resultsprovideevidenceof word disambiguatiorvia mutualexclusivity at 12 monthsof age,
whichis youngerthanhadbeenassumegbossiblein theliterature(Halberda2003;
Bergelsor& Aslin, 2017) andsupportthe hypothesighatnonverbalkcommunication
promotesconceptuatepresentationf thereferent making its contentavailableto inferential
processed-or example onceinfantsrepresena familiar objectusingakind conceptthey
may accessheassociatedamiliar labelandthenuseit to disambiguateéhe novelwords.

It is importantto notethatthe patternof resultsobservedn the experimental
conditioncannotbe explainedoy differencedn thedistributionof visualattentionbetween
conditionsduring highlighting: theamountof time infantsspentfixating familiar objectsin
responséo pointingin the experimentatonditionandto movemenin the controlcondition
wascomparableExplanationghatwould attributei n f aesgorsséi novelwordsto
mechanismsghat matchauditoryto visualnovelty (e.g.,Horstetal., 2011;Mather&
Plunkett,2012;Mather,2013 cf. Mather& Plunketf 20103 canalsoberuledout Heuristics

to matd novelwordsandunfamiliarobjectswould leadto increasedrientingto unfamiliar
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objects(relativeto thei n f @aselisddoking behaviouy irrespectiveof whathappened
beforelabelling. While suchheuristicsmight contributeto disambiguatiorvia mutual
exclusivityin someexperimentatontexts(andmostlyin olderchildren,Horstetal.,2011;
Mather& Plunkett,2012), they cannotexplainthe currentresults.Sincethe agegrouptested
herewasyoungerthanthe childrenwho wereshownto usenovelty-matchingstrategiesit is
possiblethatsuchstrategiesequiremorelanguageexperienceo develop(seealsoLewis et
al., 2020).

Interestinglyjn the controlcondition,in which highlightingwasoperationalized
throughverticalmovemenof thefamiliar objects,infantsfailed to displayevidenceof either
familiar word recognitionor novelword disambiguationWe predictedthattheywould have
difficultiesinterpretingnovelwordsbecauseon-communicativehighlightingwould not
promptthemto representamiliar objectsasmemberof particularkinds. However,we did
not expectthattheywould fail to find thereferentsof familiar words. In line with the
previousword-recognitionstudieswe reasonedhat 12-montholds shouldbe ableto match
familiar objectswith familiar kind labels yet studiestestinginfantsof this ageusedstaic
objects Althoughin olderinfantssmallmovement®f thelabdled objectsdo not seemto
affectfamiliar word recognition(Swingley& Aslin, 2002),it is possiblethatatthe agetested
heremovemeninduces a conceptuatiescriptionof the moving objectthatdoesnot matchthe
kind labelusedto testtheirword knowledge Onepossibilityis thatinfantsidentified the self
moving objectasanagent a concepthatwould not matchthe familiar kind labelprovidedat
test In Experimen2 we aimedto replicateour findings from the experimentatonditionof
Experimentl, while alsoaskingwhetherit wasthe movemenof the objectthatconflicted

with theinterpretatiorof familiar labels.
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3. Experiment 2

In anewsampleof participantsword-recognitionandreferentdisambiguatiorperformance
werecontrastedicrosgwo conditions:anexperimentatondition,in which familiar objects
weretargetedby nonverbakcommunicatiorin the form of pointing thattook placebefore
labelling (asin Experimentl), anda controlconditionin which therewasno highlighting
beforelabelling.If it wasmovementhatdisruptedfamiliar-word recognitionin Experiment
1, infantsin the presentcontrolconditionshoulddisplayevidenceof recognizinghesewords
(i.e.,looking longerto familiar objectsuponhearingfamiliar words)without succeedingn
disambiguatinghenovelwords(i.e., showingno preferencdor eitherthefamiliar or the
unfamiliarobjectsuponhearingnovd words).If nonverbareferenceo afamiliar objectis a
reliabletriggerfor kind-basedepresentationye shouldobservehe samepatternof results
in the presenexperimentatonditionaswe foundin theexperimentatonditionof
Experimentl.

Expeiment2 wascarriedoutin adifferentlaboratoryandin adifferentlanguage:

Hungarian

3.1.Method
3.11. Participants

As in Experimentl, our final sampleincluded20 12-montholds (M = 11 months28
days, range:11 monthsl17 daysto 12 monthsl1 days).Twelveinfantswereexcludedrom
theanalysis(n = 7 failed to provideenoughdata,n = 5 failed to completethe experiment).
All infantsweremonolingual living in Hungariarspeakingamilieswho volunteeredo
participatein our researchCaregversprovidedwritteninformedconsentl nf ant s 6
participationwasrewardedvith asmallgift. Thelocal ethicalcommitteeapprovedhe

researchThesamplesizewasdefinedto matchtheoneof Experimentl.
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3.1.2.Apparatus

Thetestingtook placein adifferentlab, usinga TOBII T60XL eyetracker(Tobii
Technology Danderyd Swedenhttps://wwwtobii.com/)with 60 Hz samplingrateequipped
with a 24-inch integratedmonitor (resolution:1920x 1200px, refreshrate:60 Hz). Thesame

methodsof stimuluspresentatiomnddatacollectionwereusedasin Experimentl.

3.1.3.Stimuli

We usedthe samevisualstimuli asin Experimentl, while our speectstimuli were
adaptednto Hungarian Familiarkind labelsweretranslatednto Hungarianfi | a kbalg, o
A b a n(ganada)fi a u ftcar)@ p o (&p),d c i @EMRE)N k a (spdo®i ma ci O
(teddy),i t e | @efephane@)Novellabelswerefour pseudewordsselectedo conformto
Hungarianphonotactic§ fi d ufipgi eofi, & © fimro g gndnjatchedn structurewith the
pseudewordsfrom Experimentl. As before thewordswereembeddednto a carrierphrase:
A S zbabanézdcsak!Hol vana[LABE]? [LABEL]! [LABEL]! 6 fi blaby!Look! Whereis the
[LABEY? [LABELY! [LABEY! OThespeechrecordingwasperformedby afemalenative

speakenf Hungarianusinginfantdirectedspeech

3.1.4.Design

Theexperimentatonditionwasidenticalasin Experimentl: familiar objectswere
targetedoy nonverbacommunicatiorin theform of pointingbeforelabeling In the control
condition,the familiar objectwasnot highlightedin anyway. Instead afterthebaseline
phasg2 s), bothobjectsremainedstill for anadditional3 s to matchthetiming andstructure

betweerthe controlandexperimentatrials. The samgjingle soundasusedin the
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experimentatondition(repeatedwice for atotal durationof 0.9 sec)wasplayed(beginning

2 scountedfrom thetrial onset).

3.1.5.Procedureand Data Analysis
Theprocedureanddataanalysisprotocolswereidenticalto theonesappliedin
Experimentl. Overall,infantsprovided14.10trials (SD= 1.92,range:8 to 16; experimental
conditionwith familiar words:M = 3.40trials; experimentatonditionwith novelwords:M =
3.35trials; control conditionwith familiar words:M = 3.85trials; control conditionwith

novelwords:M = 3.50trials).

3.2.Results

Figure3 showsthe corrPLF data.Thesedatawereenterednto a mixed-model
ANOVA with block order(experimentatonditionin block 1 v. in block 2) asabetween
subjectfactor,aswell ascondition(experimental.. control)andword (familiar v. novel) as
within-subjectfactors.Unlike in Experimentl, this analysisyieldedsignificantmain effects
of block order,F(1,18)= 12654, p = .002, dp? = .41, andword, F(1,18)=48.172 p < .001,
dp? = .73, andasignificantthreeway interaction,F(1,18)= 4.568 p = .047, d,*> = .20,
indicatingthati n f gerforsancevasaffectedby theorderin which thehighlighting
conditionsweredelivered To resolvethis interaction we performedseparatANOVAs
within eachhighlighting condition.Theseanalysesisedword (familiar v. novel)asa within-
subjectfactorandblock order(experimentatonditionin block 1 v. in block 2) asa between
subjectfactor.

In the experimentatondition,we observednly a significantmain effectof word,
F(1,18)=20.339 p<.001,dp? = .53, indicatingthati n f dookingb&havioumreliably

variedbetweerfamiliar (M = .08,SD = .17) andnovelwords(M = -.16, SD=.19) andwas
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not affectedby block order.Comparisonso baselineon the datacollapsedacrossblock
ordersindicatedabovebaselindooking to familiar objectsfor familiar words,t(19) = 2.152,
p=.045 d=0.48, 95%ClI =[0.01, 0.16], andbelow-baselindooking to familiar objectsfor
novelwords,t(19) = 3.825 p =.001, d = 0.86, 95%CI = [-.25, -.07]. Theseresulsreplicate
theoneobservedn Experimentl, showingthat,on onehand,infantscouldidentify familiar
objectsasthereferentsof familiar wordsand,on the otherhand,they could makesenseof
newwordsby relatingthemto novelobjects.

In contrastjn the controlconditiontherewasa significantinteractionbetweenwvord
andblock order,F(1,18)=5.122 p = .036, dp? = .22, aswell assignificantmain effectsof
word, F(1,18)=7.829, p = .012, dp?>= .30,andblock order,F(1,18)= 4562 p = .047, dp*=
.20. Theinteractionwasdueto thefactthatthei n f dooeking patternsdiffereddepending
onwhich block the controlconditionwasadministeredn (first v. second)Namely,whenthe
controlconditionwasdeliveredin thefirst block, infantsdisplayedcomparabldéooking
behaviourfollowing familiar (M = .01, SD=.17)andnovel(M =-.03, SD=.15) words,t(9)
=.350,p=.735d=0.11, 95%CI =[-.14,.19], andneitherdiffered from baselineps >.60.
In contrastwhenthe controlconditionwasdeliveredin the secondblock, looking behaviour
wasaffecteddifferently by thefamiliar (M = .22, SD=.15)andnovel(M =-.02, SD=.15)
words,t(9) =3.928 p=.004,d = 1.24, 95%Cl =[.11, .40]. In addition,lookingto the
familiar objecs in responseo thefamiliar wordsroseabovebaselinef(9) = 4.844, p<.001,
d=1.53,95%CI =[0.11,0.32],while looking in responséo novelwordsdid notdiffer from
baselinet(9) =.660 p=.526 d = 0.21, 95%CI = [-.14, .08]. Theseordereffectsindicate
thatinfantsweresuccessfuatidentifying referentsof familiar wordswhenthesewerenot
highlightedby movementbut only whenthe controlblock wasprecededy anexperimental

block.
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Thetime courseof theaveragecorrPLF is shownin Figure5. In theexperimental
condition,infantdresponseto familiar andnovelwordsappeato differ from eachotherand
from baselinan a sustainednanneruntil the endof thetestphaseln the controlcondition,

Experiments 1-2
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E 1 | | |
{ == 02 I I I
()] | 1 | 1
= ‘ o 7~ 7 _
@ \anrs "“:%J\ﬂ“*fw -2 %—\ B4 Lo fl* 7 N ”—I“\, e
Q 02 I | A | v
5 Lﬁ I | I I
a 04 I : : !
t I I I I
° I | I I
o _ : : ' |
Q I | Kv)‘:ﬂ, w:
= 2 | : : :
o : | : |
0 1 2 3 4 5 0 1 2 3 4 5
Time (seconds)
word == familiar === novel
Experiment 2
Control condition data split by block order
Control in block 1 Control in block 2
' i
m I
-l ( :
n_ |
= ,‘*» '
8 el Y A
I i
| I
I I
0 1 2 3 4 5

Time (seconds)

word == familiar == novel

Figure 5. Time courseof the averagecorrPLF responsesThe ordinateshowsthe averagecorrPLF
computeday averagingover subjectsat eachtime point (seeData Processingand Analysis) Error
barsindicateSEMs.Zerocorrespondso the offsetof thelabellingphrasge.g.,iWhereisthes h o e
Dottedlinesindicatethe onsetof theisolatedtarge labelthatwasrepeatedwo moretimesduringthe
testphasge.qg.,iShoe Shoeo )
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ontheonehand,the positiveresponseo familiar wordsseemso strengtherasthetest
unfolds Ontheotherhand,thelooking patternselicited by novelwordsdo notreliably
divergefrom thelooking patterndisplayedat baseline.

As in Experimentl, we assessed n f attentisnfo the familiar objectduring
pointingin theexperimentatonditionandduringthe correspondingime window in the
controlcondition(Figure4). Infantsspentmoretime fixating the familiar objectwhenit was
targetedoy pointing(M =.76,SD=.17) thanwhenit wasnot highlighted(M = .59,SD=
.12),Z=2.688,p =.007,asassesselly asignedranksWilcoxon test(appliedbecausehe
datain the controlconditionwerenot normally distributed).However,in both conditions
looking at thefamiliar objectwashigherthanexpectedy chancgof .5), experimental
condition:t(19)=6.91,p <.001,95%CI = [.68, .83]; control condition:Wilcoxon, Z =

2.501,p=.012.

3.3.Discussion

In line with our predictionstheresultsof the experimentatonditionreplicatedthe
resultsobservedn the experimentatonditionof Experimentl. Whenpointingto the
familiar objectprecededabelling,infantsrecognizedhe familiar words,asevidercedby an
increasan looking atthefamiliar objectsuponhearingfamiliar labels(relativeto a silent
baseling, andsuccessfullynterpretedhe novelwords asevidencedy anincreasan
looking to unfamiliarobjectswhenpresentedvith novellabels.This patternof responseto
novelwordswasonly observedn the experimentatondition In the controlcondition,in
which thefamiliar objectswerenot highlightedbeforelabelling hearingnovelwordsdid nat
affectinfant®baselindooking preferenceslointly, theseresultsindicatethatnonverbal
communicationn theform of pointingwascritical to eliciting akind-basedepresentatioof

familiar objects
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Besidesin the controlcondition,infantsprovidedevidenceor understandinghe
familiar wordsonly whenthis conditionwaspresentedn the secondlock. This suggestshat
acertainamountof exposureo pointingin the experimentatonditionadministeredn the
first block wasnecessaryor themto makesenseof labellingdeliveredwithout extra
referentialsignals.We speculatehat,whenthe controlconditionwaspresentedn thefirst
block, it did not occurto theinfantsthatthedisembodiedpeechtheywerehearingwas
supposedo be connectedo the objectson the screenEarlierstudiesin which infantsatthis
agesucceedeth linking familiar wordsto familiar objectsusedpointinggesturege.g.,Gliga
& Csibra,2008),live speeclproducedy the parents(e.g.,Bergelson& Swingley,2012),or
both (Parise& Csibra,2012),but neitherof thesewereincludedin our controlcondition.
However,infantssuccessfullyecognizedhefamiliar wordswhenthe controlconditionwas
presentedn theseconddlodk, presumabljpecausehe precedingexperienceavith familiar
objectsexplicitly designatedsreferentsy pointing gesturesed themto developan
expectatiorfor referentialrelationsbetweenwordstheyheardandobjects.In otherwords,
whenthe experinentalconditionprecededhe controlcondition,infantsmighthave
understoodhe situationasa naminggameduringthefirst block andcarriedthis
interpretatioron to thesecondlock. If this explanations correct,it highlightsthatnotonly
the coneptualizatiorof objectsand in particular objectsseenon ascreenis notautomatic
atthis age,but neitheris linking disembodiedvordsto objectsthathapperto bein front of
theinfants.

Althoughfamiliar word-recognitionwasaffectedby theorderin whichthe
experimentabndcontrolconditionswerepresentedour findings providepreliminary
confirmationthatthe movemenof familiar objectsdisruptedtheinterpretatiorof familiar
wordsin Experimentl (controlcondition) It couldhavebeenarguedhati n f dailuresod

disambiguatéhe novelwords in the control conditionof Experimentl wasalsodueto this
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disruption.However thefact thatin Experiment infantsmanagedo find objectreferents
uponhearingfamiliar butstill couldnotfind thereferentsof novelwordsexcludeghis
possibility. Altogether,the patternsof resultsin the controlconditionsof Experimentsl and
2 areconsistentvith the proposathatkind-basedepresentatioonf familiar objectsis not

automatidoutis reliably deployedn responséo nonverbakcommunicatn.

4. General Discussion

Acrosstwo experimentsgonductedn differentlabsandusingdifferentlanguageswe
establishedhat12-month-oldswereableto disambiguateovelwordsin a mutuat
exclusivity context.More specifically,infantsdiscardedhe familiar-kind objectswhose
labelstheyknewasreferentsof novelwords Critically, thisinterpretatiorwasonly deployed
whenthefamiliar objectwashighlightedby a nonverbakcommunicativeaction(i.e., via
pointing) beforelabelling. Whenit washighlightedin anon-communicate mannei(i.e., via
verticalmovemenin the control conditionof Experimentl) or whenit wasnot highlightedat
all (in thecontrolconditionof Experiment2), infantsdid not displayevidenceof referent
selectionin responséo novelwords.Thesereaults pointto two theoreticallyimportant
conclusionsFirst, nonverbacommunicatiorabouta familiar objectmakesinfantsrepresent
this objectconceptuallyasan exemplarof anobjectkind. Secondthis representational
formatenabésthe operationof mutuatexclusivityinferencesesponsibldor disambiguation

of newwords.We discusghesepointsin turn.

4.1.Nonverbal Communication GivesRiseto Conceptual Representation
Humancommunicatiorcarriesmeaningn theform of conceptge.g.,Macnamara,
1982).Interpretingcommunicatiorrequiressettingup specificconceptualizationsf objects

andeventsof interest.In verbalcommunicationthe choiceof wordsindicateswhich among
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theavailableconceptshouldberecruited(Clark, 1997;Lakoff & Johnson1980),for
examplewhetheranobjectshouldbethoughtof asa cat, Garfield,ahomelessanimal,or a
family pet.In nonverbakcommunicationpn the otherhand,theaddressebhasto posita
conceptuaperspectivdbasedon the currentcontextby usingherlong-termknowledgeand
experiencgSperbe& Wilson, 1986 Tomasello2008. Ourresultsprovideevidencehat
12-montholdsrespondo nonverbakcommunicatiorby seting up kind-basedepresentations
of familiar objectsreferredto throughpointing

Why do infantsresortto kind conceptsvheninterpretingnonverbacommunicatiorto
familiar objects eventhoughtherearemanyotherpossibleconceptuaperspectivedWe
believethatinfantsdefaulton kind level of conceptuaencodingoecausét is mosteasily
accessibleo them,mostrelevantin theabsenc®f contextuainformationindicating
otherwise or both Adults, for instanceprivilegebasiclevel kind conceptdecaus®f their
high informativenesgMurphy & Brownell, 1985;Mervis & Crisafi, 1982;Roshetal., 1976;
Rogers& Patterson2007)andtheresultingfrequentuseof labelsassociatedavith themin
communicatior(Murphy, 2004).Basiclevel kind labelsareabundantn parentakspeechand
usedmoreoftenthanlabelspertainingto otherlevelsof categorizatior{i.e., parentsaremore
likely to sayi ¢ aathérthanfivertebraté or iEuropears h o r t Bnoavi, ¥9%8;Callanan,
1985).This kind of input statisticsmight leadchildrento developexpectationgboutwhich
conceptaremostrecurrentand consequentlyparticularlypertinentin communication.
Supportingthis ideapreviousstudiesshowthataroundoneyearof age infantsexpectverbal
labelsto belinked to objectkinds (Dewar& Xu, 2009 Pomiechowsk& Gliga, 2019. The
prevalencef kind-basedepresentationsontinues beyondinfancy. Even3- to 4-yearsold
childrentendto assumehatin phrasesuchasfi T h li&ke/f r ufi tt logandfor akind

(LEMURS ratherthana particularset(thesetwo lemur9 (Meyer& Baldwin, 2013)
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Althoughprivilegedby infantsin the courseof referenceassignmentind-based
conceptsarenotrecruitedby defaultwhena familiar objed becomesvailablefor visual
inspection.This might be becausénfantsdo notfeel compelledto engagen conceptual
processingvhennotjustified by thetaskathand Alternatively,theymight considerifferent
typesof availableconceptuatepresentationg.g.,pertainingto kinds, individuals,
propertiesgetc.)andrandomlyselectong beingunableto determingfrom the contextuakues
which oneis the mostrelevant Beyondcommunicationtasksthatmaywarrantkind-based
encodingnvolveinterpretatiorof selectivegoatdirectedactionsand/preferencattribution
(Spaeperk Spelke,2012)andtrackingobjectsthroughocclusionusingworking memory
(Pomiechowsk& Gliga,2021;seealsoKibbe & Leslie,2019).Finally, it is alsoimportant
to notethatevenbeyondinfancy, how anobjectis representedepend®on thetaskthatoneis
engagedn. Forexample whenonehasto acton objects their affordancepropertiesnaybe
privilegedoverconceptuabbjectrepresentationge.g.,Hodgesetal., 1999 Norman,2002.

We proposehat,in theabsencef communicationoneyearold infantsmaynothave
areasorto usekind-basedepresentationehenthinking aboutthe objectsthey experience
and,in particular,aboutimagesof objectsdisplayedto themin computerizedasks Lateron,
as aresultof experienceincludingcommunicatiorthroughvariousmedia,adultsandolder
childrencometo regardcomputersand screensasrepresentationalevicesthatareusedfor
communicationTherefore they might spontaneouslthink of itemsshownthemon a
computerscreeraso p r e stat nht earal, a8referentsin line with thisidea one
explanatiorof why childrenolderthan17-18-montholds succeedn mutualexclusivitytasks
is thatthey automaticallytakeobjectimageson the screerascommunicatedo them,
interpretingthesemagesasiconic representationsf objectsof certainkinds (seealso,
Revencu& Csibra,2020,b). Indeed by this age,infantsbeginto spontaneouslgategorize

screerbasedmagesin termsof objectkindstheydepictandsucceedtretrievingthe
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associatedabelswithout beingpromptedby nonverbakeferentialsignals(Mani & Plunkett,
2010).

If thescreens notasclearlyacommunicativedevicefor oneyearoldsasit is for
olderchildren,theywill notseethe objectimagesasrepresentationandwill notbe
compelledio give themconceptuatiescriptionsin this case amoreexplicit referental signal
may facilitate the interpretatiorof animageasarepresentatiomgr, minimally, asan
exemplarof anobjectkind (Csibra& Shamsudheer2015 Pomiechowsk& Gliga, 2021, for
aproposabf anarchitecturaimplementationseeBrody, 2020. We proposethatthisis how
nonverbakcommunicationn theform of pointingto thefamiliar objecs helpedtheinfantsin
our experimentovercomethe lack of spontaneoukind assignmentandenabledhemto
succeedn disambiguatingiovelwords.Consistentvith this view, a previousstudyshowed
that16-montholds deploymutuatexclusivity inferencesvhenprovidedwith avideoof an
experimenteutteringnovellabels but notin theabsenceéhereof(Mather& Plunkett,2011).

We implementechonverbakommunicatiorin our designby showinginfantsa
photographof a pointinghandmoving vertically abovethefamiliar object(seealso,Yin &
Csibrg 2015) We remainagnosticasto whetherinfantspositeda presencef a
communicativeagenthiding behindthedisplay(Saxe,Tzelnic,& Carey,2007)or interpreted
thefamiliar shapeof a pointinghandasa communicativesignalwithout consideringts
physicalsource Importantly,howeverwe believethatinterpretingthis stimulusasan
instanceof nonverbaktommunicatiorwascritical in triggeringkind-basedepresentationf
thetargetobject This conclusionis supportedy the factthathighlightingthe familiar object
in thecontrolconditionof Experimentl did not promotekind-basedepresentidon, despite
theheightenedattentionit elicited Furthermoreit is alsosubstantiatetyy the previous
experimentakvidencehati n f aepreserdationsf objectsandeventsarequalitatively

differentdependingon whatdirectsattention communicatve actions,noncommunicative
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actions(e.g.,shaking,Okumuraetal., 202Q graspingPomiechowsk& Csibra,under
review) or abstractlirectionalcues(e.g.,arrows,flashes Wu & Kirkham, 2010;
Tummeltshammeetal., 2014). While all successflly triggerattentionalorientingto the cued
locationsandobjects only communicativesignalspromptinfantsto setup representations
thatsupportiearningaboutthem (for locations Wu & Kirkham, 2010; Tummeltshammeet
al., 2014 for objects Okumuraetal., 2020; Pomiechowsk& Csibra,underreview).

To conclude our resultsindicatethatfamiliar objectstargetedoy nonverbal
communicatiorin theform of pointingbecomerepresentethroughfamiliar objectkinds.
Neverthelessseveralfollow-up questiongemainopen Cannonverbacommunication
influencetherepresentationf unfamiliar objects for example by promptinginfantsto set
emptyconceptuaplaceholdersnto which they could collectinformationaboutthetargeted
objectand/orits kind (e.g.,Csibra& Shamsudheer2015? Doesnonverbaktommunication
modulatetherepresentationf thetargetedbjector alsotherepresentationf otherobjects
availablefor inspectior? Underwhatconditionswould othertypesof conceptual
representationge.g.,propertiesjndividuals,actions)be calleduponby communicatiorand
how would thataffectword disambiguatiorffor evidenceaboutactionroles,seeYin &

Csibra,2015)?

4.2.Kind -BasedObject RepresentationEnablesWord Disambiguation via Mutual
Exclusivity

While it hasbeenwidely assumedhatnovelword disambiguatiorstrategieselying
on mutualexclusivitybecomeavailableonly duringthe secondyearof life, our findings
indicatethattheyarein placeby 12 monthsof age.We suggesthatwhatthe participantan
the paststudiesweremissingto successfullycarry out mutualexclusivity inferene@swasthe

appropriateepresentatioof the familiar objectstheywereshownandnot computational
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routines lexical knowledgeandprinciplesguiding inferencesaboutmeaning or extensive
word-learningexperienceCritically, to disambiguate novelword by discardingfamiliar
objectsasits potentialreferentsijt is necessaryo representheseobjectsin aconceptual
formatthatincorporate®r providesaccesgo lexical information.We believethati nf ant s 6
succes$n interpretingnovelwordsin the presentexperimentvasmadepossibleby the
recruitmentf kind conceptdo representamiliar objects.

How did infantsin the currentstudysucceedo disambiguateovelwords? The
disambiguatiorprocessould haveproceededn oneof thefollowing two ways.Underone
view, conceptualizatiotriggeredtheretrievalof lexical informationassociatedvith the
activatedconceptthusmakingthefamiliar kind labelavailablefor comparisorwith theword
providedattest.Whenthelabellingphrasecontainedaword matchingthe activated
descriptionjnfantsconcludedhatit referredto thefamiliar object.Converselywhena
mismatchingvord wasprovided,they excludedthe familiar objectfrom consideratiorand
lookedfor anotheravailableobjectasthe potentialreferent.Furthermoreif oneyearolds,
who still strugglewith segmentingvordsfrom speech{Gervain& Mehler,2010),retrieved
the phonologicaform of the labeluponsettingup a conceptuatepresentatioof the familiar
object,this mighthavepreparedhemto segmentindprocesshetestutterancebecausehe
incomingspeecttouldhavebeencomparedagainsthe activatedphonologicakrepresentation
(Yeung& Werker,2009).

Alternatively, lexical accessnight not havebeencontingentuponcategorizatiorof
thefamiliar triggeredby the observatiorof pointing Insteadjt could haveoccurredonly at
testwheninfantswerepromptedto look for referentsof linguistic expressionsn sucha
scenariopointing simply activatedanappropriateconceptuatiescriptionof the highlighted
item. Then,thesubsequentiheardlabelwasindependentlyranslatednto a conceptual

symbol,which eithermatchedhealreadyactivatedconceptinked to the objectimageor the
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representatio of theexemplartself (familiar-label condition) or did not matchit (novel
labelcondition).

Whetheror notthe inferencesnvolved comparingabelsor internalkind-symbols,
thar computationaktructuremusthavecontainedsomeform of exclusion.Our studycannot
inform usonthe natureof principlesthatunderliethe procesf exclusionappliedby infants
i.e.,whetherit is basedon lexical principles(Markman& Watchel,1988; Golinkoff etal.,
1994;Clark, 1990)andheuristics(ByersHeinlein & Werker,2009,2013;Lewis etal., 2020,
or on pragmaticassumptionsiboutthes p e a koenmunisativententions(Diesendruck&
Markson,2001;Tomasello& Barton,1994).Neithercanwe determinehow exclusion
computationsareimplementedo yield referentdisambiguationlt could be anoutcomeof
infantsworking throughadisjunctivesyllogism(Halberda2003,2006),involving a
representationf alternativesandlogical operatorof negationputit couldalsoresultfrom
theapplicationof eliminationprocessethatdo notrely on propositionalogic (Mody &
Carey,2016 Carey& Leahy,2020.

A recentmetaanalysisconcludedhatdevelopmentathangsin lexical knowledge
andexperiencavith lexical regularitiesarekey determinant®fc h i | dibilieytod s
disambiguat@mewwordsusingmutualexdusivity inferencegLewis etal., 2020).Thecurrent
resultssingleout two additionalfactorsthathavenot beenconsideredn the pasttheorizing
but might significantly contributeto thec h i | defeeemidisambiguatiorskills: conceptual
knowledgeand its deploymenin objectrepresentatiorf-or makinganinferenceby
exclusion,it is critical to representheto-be-excludedobjectin aformatthatis conducivefor
assessintpbetto-referentfits. Thereforethedevelopmenbf conceptuahndcategoy
knowledge which suppliesword meaningspn onehand,andthe appreciatiorof referential
communicatiorthatwarrantsits deploymenin representatiorpn the otherhand,mayjointly

providethe lower agelimit atwhich mutualexclusivityinferencesanbeobserved.
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5. Conclusions

Twelve-montholdsdo not necessarilyhink aboutfamiliar objectsin termsof their
kinds, buttheycanbeexplicitly promptedo do soby nonverbakcommunicatn. This, in
turn, determinesherangeof inferenceshattheycancarryout. In particular,recruitingkind
conceptdo representamiliar objectsallowedinfantsin the presenstudyto disambiguate
novelwordsusingmutualexclusivityinferencesThis earlysuccesgallsfor a
reconsiderationf the developmentatrajectoriescontendedy the previousresearchyhich
suggestedhattheinterpretatiorof ambiguousiovelwordsthroughmutualexclusivity
emerge®only duringthesecondyearof life, potentiallyoriginatingin experiencevith word
learning While our studymakesno claim aboutwhenexactlythe inferentialapparatus
necessaryor suchreferencedisambiguatioremergesit offersevidencehatit is in place
beforeinfantsstartto produceanguageon their own or developa sizeablereceptiveexicon.
Mechanism®f inferentialreferentdisambiguatiomight be fundamentain helpinginfantsto
learnnewwordsassoonastheygainanunderstandingf theformsthatreferential
communicatiormay takeandthatwarrantthe deploymenbf o n ecénsepual apparatusn

comprehension.
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