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Abstract

Informativeness (defined as reduction of uncertainty) is central in human communication. In
the present study, we investigate baboons' sensitivity to informativeness by manipulating
the informativity of a cue relative to a response display and by allowing participants to antici-
pate their answers or to wait for a revealed answer (with variable delays). Our hypotheses
were that anticipations would increase with informativity, while response times to revealed
trials would decrease with informativity. These predictions were verified in Experiment 1. In
Experiments 2 and 3, we manipulated rewards (rewarding anticipation responses at 70%
only) to see whether reward tracking alone could account for the results in Experiment 1.
We observed that the link between anticipations and informativeness disappeared, but not
the link between informativeness and decreased RTSs for revealed trials. Additionally, in all
three experiments, the number of correct answers in revealed trials with fast reaction times
(' 250ms) increased with informativeness. We conclude that baboons are sensitive to infor-
mativeness as an ecologically sound means to tracking reward.

Introduction

Human linguisticcommunicationrecruitsan arrayof cognitiveabilities.While manyof them
arenot specificto languagetheyarenonethelessruciallyinvolvedin linguistic production
andlinguisticinterpretation.lnvestigatingwhich of theseabilitiesarepresentn otherspecies,
andnotablyin otherprimatespeciess centralto anyapproacho languagesvolution.Thetar-
getof the presentstudyis informativenessacentralfactorin humanlinguisticcommunica-
tion. A signalA is moreinformativethan anothersignalB if A reducesuncertaintymorethan
doesB. To takeasimpleexamplesuppose/ou arefacedwith anarrayof mugs,someof which
areyellowandonly oneis yellowwith achippedhandle.Your friend Paulasksyouto passhim
hismug.Giventhatyoudon't knowwhichmugit is, hisdemandwill bemoreinformativeif
he saysPleasepasame my mug:it's theyellowonewith achippedhandle®ratherthanif he
say$Pleasepasame my mug:it's theyellowone®.
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Theconceptof informativenesss centralto humanlinguisticcommunicationbecausé
isanimportantfactorin interpretingutterancedeyondtheir literal meaningaprocess
known as . To takeasimpleexamplejf you askwho cameyesterday
andthe answeiris 2Paulcame®youwill interpretit asmeaningthat Paul(andno one
else)came.Yet,theutterancejn itself,doesnot excludethat other people amonga setof
peoplewho couldhavecome(e.g. Paul,PeterandMary), came.The procesghroughwhich
the strengthenedr enrichedinterpretationis reacheds called . It corre-
spondsto the exclusionof alternativesnore informativethanthe utteranceused Giventhat
the utterancewasnot 2Peter,Paul,and Mary came®(or 2Peterand Paulcame®or 2Pauland
Mary came?®) the possibilitythat Paulwasaccompaniedby eitherPeterand Mary or both of
themis excludedHencethe utterance?Paulcame®canbeinterpretedas? Paulcame®.
Exhaustificatiorthussupposesa sensitivityto degree®f informativenessTo excludethe
moreinformativealternativesthe addressemustrank the differentalternativesn a scaleof
informativenessExhaustivityinterpretationsarerife in humanlinguisticcommunication
(andin humancommunicationin general)jncluding suchconstructionsasfocus cleft-sen-
tencesandscalaimplicatures amongothers(for anoverviewsed1]). Suchmechanisms
arecoherentwith the viewthatinterpretationis guidedby assumptiongboutthe cognitive
utility of thecommunicatednformation, wherecognitiveutility is cashedutin termsof
cognitivecost(how difficult it isto reachthe interpretation)and cognitivebenefit(how
informativetheinterpretationis, whenit hasheenaccessedWhile SperbeandWilson [2]
haveformulatedthis ideaexplicitly,it wasalreadyoutlinedin Grice[3], andhasbeendevel-
opedandformalizedmorerecentlyby Frank[4] and Degenand Tanenhau¢5], amongoth-
ers.An important point is that while someof thesetheoreticalapproacheto interpretation
appeato higherlevelprocessesnvolving mind readingaboutthe communicator'snten-
tions(e.g.[3]), mostothersareperfectlycompatiblewith moreor lessautomatic relatively
low-levelprocessesnvolving no form of consciougeasoning.

The proces®f exaustificatiormight beusedby somenon-humanprimatespeciesswell.
Arnold etal.[6] notedthatfor Campbell'anonkeysin the Ta forest(wherethereareeagles
andleopards), isinterpretedasreferringto leopardswhile on the Islandof Tiwa (where
thereareeagledbut no leopards)it isinterpretedassignalingageneradanger.Schlenkeetal.
[7] suggestethat might havethe same?lexical®meaningin both locations(ageneral
alarmcall),butthatin Ta , it triggersaproces®f exhaustificationenrichingits meaningto
referto leopardsBasedn the descriptionof Campbell'snonkeyalarmcallsgivenin [6, 8, 9],
Schlenkeetal.[7] haveidentified asthe relevantsetof alternativealarmcalls< > and

< >, where signalghe presencef danger signalghe presencef aneagleln
thatcase, isstrictlymoreinformativethan (it isappropriaten asubsetf the situations
in which is appropriate) Accordingto Schlenkeetal.,when isused,t isinterpreted

asnon- , whichleadsn Ta (wherethereareleopards}o aleopardinterpretation,whileon
Tiwa (whichisleopardfree),it isinterpreted?literally® asreferringto agenerabdanger.This
proposalkupposethat Campbell'snonkeysaresensitiveo informativenessareasonable
assumptiongiventhe ecologicalisefulnessf suchanability, not only in communication but
in decisionmakingin generallndeed,sensitivityto informativenessnight bewidespread
amongnonhumanprimatesahypothesighat the presentstudyinvestigategargetingGuinea
baboong ). In recentyearsphaboonshavebeenshownto haveabilitiesdirectly rele-
vantto languagecquisitionandevolutionin humans suchasasimilar vocalsystemassocia-
tive learning,statisticalearning,long-termmemoryandcultural evolution(for an overview,
seq10]). This makeghemagoodchoicefor anystudyrelevantto languagevolution.
Informativenes$asbeeninvestigatedn youngchildren(se€11]), showingthatinfants
andtoddlersuseinformativenesso guidetheir searctbehaviorsandareableto represenfor
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themselvethe specificpieceof information thattheylack. Theyalsouseinformativenessn
communicativecontextsnotablywheninferring the meaningof anewword andadapting
their own communicativebehaviordo beasinformativeaspossiblgo their addressedg.qg.,
[12,13]).On theotherhand,to our knowledgetherehasbeenno investigationof sensitivity
to informativenessn monkeysHowever thereis animportant literatureon metacognitionn
nonhumanprimatesand metacognitionwhile differentfrom sensitivityto informativeness,
haslinks with it.

Metacognitiveprocessemonitor andcontrol the operationsof the primary cognitivepro-
cessedMonitoring expresseitselfin confidencgudgmentsregardingone'sown knowledge,
while control producesstrategieso learnwhatonedoesnot know. Both informativenessind
metacognitionhaveto do with uncertainty:Confidences higherwhenuncertaintyis low
andviceversaMoreover,choosingearningstrategiesimsat reducinguncertaintyandthus
shouldselecthosewith the mostinformative potential. Thus,the experimentalnvestigation
of metacognitionis of somerelevancéo that of informativeness.

Whatisremarkabldn the metacognitionliteratureis the robustnes®f theresultsthrough-
out thedifferentstudiesFirst,in studieghathadonly monkeysasparticipants(usually
macaquessed14+17]),the monkeysshowedappropriateuseof the Uncertaintyresponse
(UR) aswell astransferto newtasksandgeneralizationSecondin all studiescomparing
humansandmonkeyq18+23]theresultswereverysimilar betweerthetwo groups.There
werestronginter-individual differencesn both monkeysandhumans Bothgroupshadasub-
optimal useof the UR (usedit lesshantheyshouldhaveto maximizetherewards) Finally,
andmostimportantly, both groupsneverthelessiadeappropriateuseof the UR. While these
similaritiesdo not imply thatnonhumanprimatesenjoythefull, consciousbilitiesfor meta-
cognitivereasoninghathumansdo, theyclearlymeanthattheyhavesomemetacognitiveabil-
ities (for afull discussionsed24]), both relativeto monitoring andto control. This suggests
that sensitivityto informativenessnight alsobefound in nonhumanprimatespeciesThe
main goalof the currentresearctwasto assessaboonssensitivityto informativeness.

Experiment 1
Materials and methods

Participants and living conditions. Participantsvere24 Guineababoong )
belongingto the CNRSPrimateCentrein Rousset-sur-Ar¢France)medianagelOyears,
min = 2, max= 24;7 males) Thebaboondelongedo two socialgroups,onecomprisingtwo
adultmalesandthreeadultfemalesandthe secondsix malesandthirteenfemalesThelarger
groupwashousedn group 700m2outdoorenclosureconnectedo two 24m?2trailerscontain-
ing thetestsystems&nda 16mz2indoor enclosureThe smallergroupwashousedn a24m?2
outdoorenclosureconnectedo an 18m2trailer containingthetestsystems&anda9m2indoor
enclosureOutdoor enclosuresontainedvariouskinds of objectsfor behaviorakenrichments,
suchasclimbing structuresor stonef varioussizeghatthe baboonsanmanipulate The
indoor enclosurealsocontainedplatformsfor restingat night. Baboonseceivedheir daily
foodratio at5 pm (fruits, vegetablesnd monkeychows).andwaterwasprovidedad libitum
within eachenclosureAll baboonsverefamiliar with the matchingproceduredueto previ-
oustesting.

Animal welfare

Our researchusedautomatedearningdevicesvhich havebeendescribedn detailin Fagot&
Bontd (2010)[25]. This procedureusesanautomatedadio-frequencydentification of the
subjectswithin eachtestsystemmakingit possibleo testtheindividualswithout removing

PLOS ONE | https://doi.org/10.1371/journal.pone.0270502  July 5, 2022 3/18


https://doi.org/10.1371/journal.pone.0270502

PLOS ONE

Monkeys' sensitivity to informativeness

themfrom their socialgroup.Useof this procedureis known to reducethe stresdevelof the
monkeysduring the experimentasdemonstratedy reducedcortisollevelsandareduced
numberof behavioraktereotypie¢Fagotetal. 2014)[26]. Daily observation®f the baboons
by ethologistsandthe animalcarestaffof the CNR Sprimatologystationguarantiedanimal
welfareduring the experiment Any signof discomfort,injury of sicknessvould havetriggered
anhealthcheckby the animalcarestaff,but none of the baboonshowedsuchsignsduring the
researchOur experimentinvolvedno anesthesianalgesiagr euthanasialll our subjects
stayedn their homesocialgroupsduring the researchandremainedin their homegroup
aftercompletionof the experiment.

Apparatus

Thetwo outdoor enclosuresvherethe baboondivedwereconnectedo atotal of 14(n = 10
for thelargegroup,n = 4 for the smallergroup) AutomatedLearningdevicesor monkeys
(ALDM) which havebeendescribedn detailin [25]. EachALDM comprised(1) aRFID
readerfor theidentification of the subject(2) a19-inchtouchscreerfor stimuluspresentation
andtherecordingof the behavioratesponsesand (3) afood dispensedeliveringadrop of
dry wheatwithin the ALDM cubiclewhenacorrectresponsés made.Thebaboonswvere
implantedwith two biocompatiblel.2by 0.2cm RFID microchipsinjectedinto eachforearm
andwereautomaticallyidentified by the testsystemwhenevetheyenteredan ALDM test
chamberThanksto anetworkserverconnectingall ALDMs, theidentity of the subjectserved
to resumethetrial list at the placeat which the subjecteftit atits previousvisitin the sameor
adifferentALDM. In short,this systemallowedindependentestregimenfor eachbaboon
whowasmaintainedin its socialgroup,in absencef capture andthe baboonsveretestedat
their own paceirrespectiveof ALDM theydecidedo use.Theexperimentwvascontrolledby a
softwaretestingprogramwritten by JFusingE-prime (Version2.0professionalPsychology
SoftwareTools,Pittsburgh PA, USA). Thevoluntaryparticipationof the subjectseduces
stresgevelsasinferredfrom the significantdecrease salivarycortisollevelsaswellasthefre-
quencyof stereotypie§?6].

Testprocedure

Generaltestprocedure. Our researchusedanexperimentaparadigmwhichisillustrated
in Fig 1. At the onsetof thetrials, the baboonperceiveda cuestimuluswhich waspresentedit
thebottom of the screenlt thenhadto touchthe cueto triggerthe presentatiorof the second
displaycorrespondingo the anticipationperiod.Dependingon the testcondition, the

Fig 1. Experimentd display.
https://bi.org/10.1371durnal.por.0270502.g01L
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anticipationdisplaycontainedeitherl, 2, 3, or 4 duplicationsof the cuealongwith respectively
4,3,2or 1replicationsof the distractor,for atotal of five stimuli on the screenWhenthe
displaycontainedmorethan oneinstanceof the cuestimulus,oneof themwasrandomly
assignedsthe S+.In otherwords,amongthe stimuli matchingthe cue,only one,the S+,
wasreinforced.The other matchingstimuli werenot reinforced .By contrastwhenonly one
instanceof the cuewasdisplayedS+correspondedo that uniquestimulus.Thetaskfor the
subjectwasto find S+andto touchit on the screenlnformativenessn this procedures
definedrelativeto the numberof possiblechoicesthe more matchingstimuli thereareon the
responsecreenthelessnformativethe cue,andviceversaAsthelikelihood of finding S+
decreasedith the numberof cuerepetitions the informativenes®f the cuedecreasedccord-
ingly. Thus,theinformativenes®f the cueisin inverseratio to the numberof matchingsti-
muli: displayswith 4-3-2-1matchingstimuli meanghattheinformativenes®f the cuewill be
rated1-2-3-4respectivelyA correctselectiornf S+during the anticipationdisplaytriggered
thedeliveryof afood rewardandfinishedthetrial. An incorrectchoice(i.e.,the babooneither
chooseduplicationof the cueotherthan S+or adistractor)during the anticipationperiod
gaveriseto a3 sedime-outindicatingthat an error hasbeenmade However the subjecthad
alsothe option of not respondingduring the anticipationperiod. In that casethe anticipation
displaywasreplacedafteravariabledelay(seebelow)by anotherresponsealisplaysimilar to
the previousone,with the only differencethat S+wasnow revealedy ayellowcolour. Touch-
ing S+providedafood rewardat that stageandendedthetrial. Touchinganotherstimulus
(evenif it matchedthe cue)wasconsiderecdan error whichtriggereda 3 sec-time out with a
greenscreenAll error trials (whetheranticipatedor not) werefollowedby anewrandomly
generatedrial. A maximumof 5 secwasallowedto touchthe screeron thefirst (cuedisplay)
or third (revealedylisplay A failureto touchthe screerduring thesedelaysabortedthetrial.
Abortedtrialswerenot recordedandwererepresente@dgainatthe nextidentification of the
subjectAll stimuli measured 80X18(ixels.Theywerepresentedn a760X1024ixels
blackbackgroundAll the dataand metadatdor the experimentcanbefound at https://osf.
io/ugxsz/.

Training procedure. This procedurepursuediwo differentgoalsFirst,wewantedto
havethe baboondliscoveringhat theyhadto matchthe stimuli consideringtheir identity.
Secondwewantedto havethe baboonsliscoveringhat theycould produceanticipation
responseduring the anticipationdisplay.Training proceededn 6 consecutivestepseach
involving blocksof 100-trialscomprising65matchingtrials randomlyintermixedwith 35
revealedrials. Eachblockwasrepeatedn arandomorder until the baboonreachedB0%cor-
rect,reinforcedresponsewithin ablock,for both matchingandrevealedrials. Trainingin
block 1 only involvedthreeitemsin theresponsealisplay.In matchingtrials, theywerethe S+,
identicalto the cue,andtwo distractorsdifferentfrom the match.In revealedrials,thethree
responsetimuli wereall differentfrom the cue(and hencetherewasno matchpresentn the
display),and S+turnedinto ayellowcolor afterananticipationperiod of 100msTraining in
blocks2 to 6 followedthe sameprocedureasin block 1, excepthat the anticipationperiod
wasexpandedo 200,300,500,700and 1000mgespectively.

Testphases. Threeconsecutivéestphasesvereproposedncethe subjectseachedhe
learningcriterion in training block 6 (80%of correct,reinforcedresponses)n testphasel,
the subjectsvereexposedo 30repetitionsof 40-trial testblocks whichwereonly composed
of randomlyorderedtrials. Trialswithin ablockinvolvedthe presentatiorof the cuestimulus
whichwaseitheracircle (50%of the trials) or asquarg50%) followedby the responselisplay
containing5 responséemsmadeup with eitherl, 2, 3 or 4 repetitionsof the cuein addition
to 4,3,2or 1repetitionof thedistractor. Thedistractorsweresquaresvhenthe cuewasacir-
cle,or . In testphasel, the duration of the anticipationperiodwassetto 1000ms.
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Testphase® and 3 usedthe exactsameprocedureasfor testphasel, excepthat the duration
of theanticipationperiodwasincreasedrom 1000mgo 1500mgtestphase?) and2000ms
(testphaseB), respectivelyWe expectedhat the lengtheningof the anticipationperiodwould
enhancehe numberof anticipationresponses.

Ethicsstatement. Thisresearcton baboonsvascarriedoutin accordancevith French
and EU standardsandreceivedapprovalfrom the FrenchMinist re del'EducationNationale
etdelaRecherchéapprovalt APAFIS-2717-2015111708173 &3} Proceduresisedin
Experimentl andthefollowing werealsoconsistentvith the guidelinesof the Associatiorfor
the Studyof Animal Behavior.

Statisticalanalysis

Theaim of our analysisvasto determinewhetherbaboonsould usethe informativenes®f
the cueto respondto thetestdisplay We reasonedhatif that werethe casethenwecould (1)
expecthe numberof anticipationtrialsto increaseavith informativenessnd/or (2) seeshorter
reactiontimesfor informative cuesfor revealedrials. Anticipationswerecodedasabinary
variable(1 if therewasanticipation,Qif not) for eachtrial.

Whenanalyzingrevealedrials,wefound abi-modaldistribution of reactiontimeswith a
first smallpeakataround150msandasecondnearound500ms(seeS1Figin S1File).We
reasonedhatthefirst peakreflectedfastresponsethat werepreparedoy the baboonsn antic-
ipation of the signalandthat their numbershouldincreasewith informativenessTherefore,
wedecidedto analyzeseparateljastresponseéRT < 250ms)rom otherslowerresponses.

Weran mixed-effectsegressiomodelsusingthe Ime4packagelevelopedn R[27,28]
andcalculateg-valueausinglmerTest{29]. All modelscontainedafixed effectof Informa-
tivenessandrandomeffectgo control for the non-independencef repeatedneasuresvith
interceptsfor Subjectaswell asby-Subjecslopedor the effectof Delaywhenseveratielays
werepresentWe usednegativebinomial modelswhenthe dependenvariablewasthe number
of anticipationsandgaussiamodelswhenanalyzingreactiontimes.Non-parametrictests
wereusedto analyzdastresponsegjiventheir smallnumber.

Results

Fourteenmonkeyspassedraining and completedhefull setof testtrials (medianagelO
yearsmin = 4, max=22;3 males).

Do monkeysuseinformativenessto anticipate their response?

Increasein the number of anticipations. Aspredicted wefound astrongandsignificant
increasan the numberof anticipationswith informativenesg = 0.20,SE=0.02,z=10.8,

p < 0.001see~ig2), confirming thatthe monkeysusedthe informativenes®f the cueto
respondto the task(note thatthe effectof informativenesgs similarin ananalysiswith the
first threelevelsof informativenes®nly, =0.09,SE=0.02z=3.7,p< 0.001).

Ascanbeseernin Fig 3,the numberof anticipationssignificantlyincreasedvith the delay
(the modelwith delaywassignificantlybetter, 2=9.2,df=2,p=0.01)butthisincreasavas
uniform acrosdevelsof informativenesgthe modelwith aninteractionbetweerdelayand
condition wasnot significantlybetterthanthe modelwithout theinteraction, 2=0.49df=2,
p=0.78).

Notethatin the previousanalysesve consideredhetotal numberof anticipations,nclud-
ing anticipationsin whichthe cueandtheimagetoucheddid not match.If wefocuson “cor-
rect' (reinforced)anticipationswith amatchbetweerthe cueandthe stimuli touched the
effectof informativenesss evenstronger(GLMM, =0.35SE=0.02z=18.2p< 0.001also

PLOS ONE | https://doi.org/10.1371/journal.pone.0270502  July 5, 2022 6/18


https://doi.org/10.1371/journal.pone.0270502

PLOS ONE Monkeys' sensitivity to informativeness

1000 1500 2000

2
G 200+
©
o
O
=
4y}
'©
o 100-
(0]
O
&
>
pa

1 ) 3 4 1 2 3 4 1 2 3 4
Informativeness

Fig 2. The number of anticipations increasesith informative nessindividual responsg(light grey)with groupaveragéerror
barsrepresenstandarderror).

https://da.org/10.1371¢urnal.pon®270502.g0D

seeS2Figin S1File) becaust¢he baboondendedto anticipateandtouchtheincorrectstimu-
lus (adistractor)whenit waspresentedn its own (i.e.,whenthelevelof informativenesss 1).
Thisis certainlyaconsequencef the factthatthe sameconfigurationwith adifferentcue
would leadto immediateand certainreward(informativenessf 4).

We alsoexploredif arelationexistsbetweerscoreand numberof anticipationsobtainedin
eachcondition of informativenessi-ig 3 revealghat the scoreincreasedvith the levelof infor-
mativenessf anticipationtrials (GLMM, =1.46,SE=0.03,2=49.2p < 0.001)Thisfinding
suggestthatthe baboonsconsiderednformativenessor selectinghe mostoptimalresponse
strategyin eachtrial and producedanticipationresponseasameango optimizereward
delivery.

Decreasen reactiontime for successfutevealedtrials. Fig4 presentshe effectof infor-
mativenessn reactiontimesfor all successfukevealedrials. We found asmallandsignificant
decreas@é reactiontime with informativenesgor slowerresponse. MM, =-5.6,SE=0.83,
df = 40.8e+3t =-6.6,p < 0.001)with no cleareffectof delay.

Whenanalyzingfastresponsesee-ig 5, wefound anincreasen the numberof fast
responsewith informativenes¢Spearmars= 14919p = 0.001, = 0.49).O0nemonkey,
ARIELLE ,hadmanymorefastresponsethan others.Whenexcludingthisindividual, the cor-
relationis preserveqS=10049p < 0.001, =0.57).

To summarize Experimentl showedhat baboonausedinformativenesshroughthreedif-
ferentmeasuresanincreasedcumberof anticipationsdecrease&Tsfor longresponseand
anincreasedumberof fastresponsedmportantly, the scorealsoincreasedvith informative-
nesson anticipatedtrials (Fig 3).
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represenstandarderror).
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Discussion

In Experimentl, theinformativenes®f the cuewasmodulatedby manipulatingthe number
of stimuli similarto the cuein theresponsalisplay(from 1to 4). Importantly monkeys
couldrespondimmediatelyor wait for adelay(1000,1500,2000msuntil thetargetwas
revealedAll correcttrials (i.e.,choosingthe S+)wererewardedregardlessf whetherthey
wereanticipatedor revealedWe hadtwo hypothesesanticipationsshouldincreasewith
informativenessieactiontimesfor revealedrials shoulddecreasevith informativeness.
Thisis exactlywhatwefound. Additionally, fastresponseto revealedrials (< 250ms)
increasedvith informativeness.

Theresultsof Experimentl suggesthatthe baboongproducedmoreanticipationresponses
andprocessethformativenessasameango optimizefood reinforcementin Experiment2,
wewantedto checkwhethertheresponsem anticipatedrials dependedn informativeness
alone,on rewardtrackingalone,or on acombinationof both. To addresshat questionjn
Experiment2 all anticipationresponsei which the subjectselectedhe samestimulusasthe
samplenereevenlyrewardedjndependentlyof the levelof informativenes®f thedisplay.

Experiment 2
Material and methods

Participants. TwentyGuineababoonselongingto the sameacility asin Experimentl
participatedn this study(medianagellyearsmin = 3,max= 25;5males).

Training andtestprocedure. Subjectsvereretrainedprior to thetestsessiongjsing
the samegeneraltraining procedureasfor Experimentl, with the only exceptiorthatthe

PLOS ONE | https://doi.org/10.1371/journal.pone.0270502  July 5, 2022 8/18


https://doi.org/10.1371/journal.pone.0270502.g003
https://doi.org/10.1371/journal.pone.0270502

PLOS ONE

Monkeys' sensitivity to informativeness

1000 1500 2000

800+

~

=)

o
1

T

/
I

(2]
o
o
I—‘—I

500+

Reaction time (ms)

400+

300+

1 ) 3 4 1 2 3 4 1 2 3 4
Informativeness

Fig 4. Changein reactiontime with informativ enesswhenthe target wasrevealedand the monkeywassuccessfulThe
reactiontime isthetime it took theindividual to respondafterthetargetturnedyellow(in millisecond. Individual responseflight
grey)with groupaveragéerror barsrepresenstandarderror). Datafrom all thetrialsarerepresentd in this figure but fastand
slowresponsewereanalyzedeparatelyseemethods).

https://da.org/10.1371durnal.pon®270502.g0d

responsestimuli couldbedisplayedn 6, ratherthan5 possibldocationson the screenTest-
ing wasproposedafterthe baboongeached0%correctfor both the matchingandrevealed
trialswith ananticipationdelayof 1000msThreetestphasesverethenproposedo the
baboonsafterretraining,usinganticipationdelaysof 1000ms1500msand2000msThetest-
ing procedurewassimilarto Experimentl but involvedfour main changeskirst, thesetest
phaseemployeda20° anda®T® shapeasstimuli, ratherthanacircleandasquareSecond,
allresponsalisplayscontained6 shapesinsteadof 5 asin Experimentl. Third, thecue
couldbereplicated?, 3 or 4 timesin theresponsalisplay resultingin only threelevelsof
informativenesskourth andmostimportantly, all anticipationsresponses whichthe sub-
jectselectedhe sameresponsetimulusasthe cuewerenon-differentiallyreinforcedon

a 70%rate,independentlyof the condition of informativenessincorrectanticipation
responsewereby contrastnot reinforced.Responsesccurringafterthe anticipationperiod
weredifferentiallyreinforcedwith food rewardsbeingdeliveredn thetestcageaftereach
correctresponse.

Experiment2: Results

Fourteenrmonkeyspassedraining and completedhe full setof testtrials (medianagell
yearsmin = 4, max= 23;3 males).

Increasein number of anticipation trials. Comparedo Experimentl, wefound no
increasan the numberof anticipationswith informativenes¢ = 0.04,SE=0.08z=0.49,
p=0.63Fig6).
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Fig 5. Number of fastresponsegRT < 250ms)with informativ enessindividual responseflight grey)with groupaveragéerror
barsrepregntstandarderror).

https://da.org/10.1371¢urnal.pon®270502.g05

Fig 6. Number of anticipations dependirg on informativenessand delay.Individual responsefight grey)with groupaverage
(error barsrepresenstandarderror).

https://da.org/10.1371¢urnal.pon®270502.g06
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Fig 7. Reactiontimes for successfutevealedrials. Individual responseflight grey)with groupaveragéerror barsrepresent
standarderror).

https://da.org/10.1371¢urnal.pon®270502.g0D

Decreasén reactiontime for revealedtrials. We alsofound asmalldecreasen reaction
time with informativenesg =-1.49,SE=0.76,df =39997f =-1.95,p=0.052fig7).

Increasein the number of rapid responsesn revealedtrials. Thenumberof successful
trialswith arapid respons€RT<250ms)increasedvith informativenesg¢Spearmamank,
S=7364p-value=0.008, =0.40;Fig8).

Discussion

Experiment2 followeda similar procedureto Experimentl, butimportantly differedfrom
the previousexperimentegardingreinforcementcontingencie®f anticipationtrials:In
Experiment2, anticipationswerenon differentiallyrewardedat 70%while correctrevealed
responsewererewardedat 100% Themain effectof this rewardpatternwasthat, though
anticipationsincreasedvith delay theydid not increasewith informativenessin contrast
with theresultsin Experimentl. On the otherhand,therewasstill adecreasé reaction
timesfor revealedrials with informativenessTherewasalsoanincreasen rapid correct
revealedesponsewith informativenessThus,the main effectof the newrewardpattern
wasto extinguishthe effectof informativenes®n anticipations suggestinghat the produc-
tion of informativeness-dependeanticipationtrialsin Experimentl wascontrolledby a
rewardincentiveto anticipate.

In Experiment3, wewantedto seewhetherwe couldrestorethe effectof informativeness
on anticipationsWereasonedhatif the monkeysexperience@necondition in which antici-
pationswerealwayssuccessfuthis might prompt themto anticipatemorein the othercondi-
tions. Thereforewedecidedo reintroducethe condition in whichtheresponsalisplay
containedasinglerepetitionof thecue.
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Fig 8. Number of correctrevealedtrials with RT<250ms. Individual responseflight grey)with groupaveragéerror bars
represenstandarderror).

https://da.org/10.1371¢urnal.pon®270502.g08

Experiment 3
Material and methods

Participants. Thesubjectsverefrom the samegroupasabove.

Training andtestprocedure. Baboonsvereall retrainedprior to testing,usingthe same
training procedureasin Experiment2. Testinginvolvedtwo newvisualobjectsasstimulus(a
reversedL® shapeandapentagon)ynd32repetitionsof atestblock of 56trialswhichwas
repeatedn arandomorder. Thetesttrials had4 possibleconditionsof informativenessgorre-
spondingto 1,2, 3 or 4 repetitionsof the cuewithin theresponselisplayof 6-items.Thedura-
tion of the anticipationdisplaywassetto 2000msn that caseAll anticipationresponseto the
first condition of informativenesgone matchingstimulus,informativeness: 5) weredifferen-
tially reinforcedwith correctresponsesewardedat 100% Anticipation responses the
remainingconditionsof informativenessverenon-differentiallyreinforcedon a 70%basis
whenthe baboondouchedashapéddenticalto the cue.By contrasttouchingadistractorby
anticipationwascodedasan error andwasnot reinforced.Non anticipationresponsesfter
the stimulushadturned yellow,wereall differentiallyreinforced.

Results

FourteenGuineababoonselongingpassedhetraining phasen Experiment3 (medianage
10yearsmin = 3,max=23;2 males).

Increasein number of anticipation trials. Thesamestatisticabnalyseasaboverevealed
no evidenceof an effectof informativenes®n the numberof anticipations( =-0.01,SE=0.01,
z=-1.15p=0.25;Fig9).
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Fig 9. Effectof informativ enesn the number of anticipations. Individual responsefight grey)with groupaveragéerror bars
represenstandarderrors).In this experimat therewasonly onedelayof 2000ms.

https://da.org/10.1371¢urnal.pon®270502.g09

Decreasen reactiontime for revealedtrials. We alsofound asmalldecreasen reaction
time with informativenesg =-4.62,SE=1.78,df =13972t =-2.60,p = 0.009§~ig 10).

Increasein the number of rapid responsesn revealedtrials. Thenumberof successful
trialswith arapid respons€RT<250ms)increasedvith informativenesgSpearmamank,
S=6746 p-value= 0.002, =0.45;Fig 11,weexcludedhe conditionwith informativeness
equalto five to makethe comparisorwith the previousexperimentvalid).

Discussion

Experiment3 hadthreedifferencesith Experiment2,in addition to the useof newstimuli:
(1) On theresponsalisplayof 6items, 1, 2,3, or 4 itemscouldbesimilarto thecue.(2) The
delaywasuniformly 2000msand (3) correctanticipationsin the maximallyinformativecon-
dition (whereasingleitem on the responsalisplaywassimilar to the cue)weredifferentially
rewardedat 100%while all other correctanticipationswereonly rewardedat 70%.

In Experiment3, therewasno effectof informativenes®n the numberof anticipations as
in Experiment2 andin contrastwith Experimentl. On the otherhand,therewasadecreasé
reactiontimesfor correctrevealedrialswith informativenessAswell,therewasanincrease
in correctfastresponseto revealedrials with informativenessThus,the resultsof Experi-
ment 3 wereverysimilar to thoseof Experiment2, despitethe reintroduction of amaximally
informativeanddifferentiallyrewardedcondition.

General discussion

Our findingssuggesseveratomments.
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Fig 10. Reactiontimes for successfutevealedrials. Individual responseflight grey)with groupaveragéerror barsrepregnt
standarderror). In this experimentherewasonly onedelayof 2000ms.

https://da.org/10.1371¢urnal.pon®270502.g0Q

Fig 11. Increasein the number of correctrevealedrials with RT<250ms. Individual responseflight grey)with groupaverage
(error barsrepresenstandarderror).

https://da.org/10.137 1§urnal.pon®270502.g01
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First,in experimentl,the numberof anticipationsincreasedvith the cue'sinformative-
nessThus,the baboonsvaitedlessfor additionalevidencebprovidedhereby the color
changebwhernthe cuewasmoreinformative.Importantly,in Experimentl, the probability
thatan anticipationwould berewardedwaspositivelycorrelatedwith the cue'sinformative-
nesqFig4). Subsequentlyn experiment2+3,weequalizedewardsfor correctanticipations
acrossseveralevelsf informativenessin thesewo experimentsthe effectof informativeness
on the participants'numberof anticipationsdisappearedompletely This setof resultsreveals
thatrewardtrackingmight beoneroute supportingbaboonstapacityto adjusttheir behavior
to acue'sinformativenessindeed,in experiment2+3,weartificially dissociatedewardpat-
ternsfrom theinformativenes®f the cue.However,n ecologicatontextsjnformativeness
and patternsof rewardareintrinsically tied: Learningfrom cuesthataremore (ratherthan
less)informativeaboutthe locationof arewardmakesonemorelikely to find it. Thus,track-
ing rewards(or successesjight allowbaboongo performacomplexfunctionbadjusting
one'sbehaviorno theinformativenes®f cuesbatarelativelylow cognitivecost.

Secondthe participantsreactiontimesduring therevealedrials decreasedith the cue's
informativenessThus,the speedf baboonstesponsesncethe correctcomparisonstimulus
(S+)changecdtolorincreasedvith the quality of evidencehat theyreceivedduring the antici-
pationperiod.Moreover the numberof fastresponseg< 250msgpostcolor changejncreased
with the cue'sinformativenessGiventheir speedthesefastresponseseremostprobablypre-
paredbeforethe color changeThesewo findingsareadditionalevidencesupportingtheidea
thatbaboonshavea sensitivityto informativenessimportantly, the effectsof informativeness
on bothreactiontimesandon the numberof fastresponsewsereobservedn all threeexperi-
ments evenafterequalizingrewardsfor correctanticipationsacrosdevelsof informativeness
(Experiment2+3).Thus,this secondsetof resultsrevealghat baboonssensitivityto informa-
tivenesgannotbeexplainedentirelyby rewardtracking,althoughrewardtracking contrib-
utedtoit.

Two typesof cognitivemechanismsnayexplainthe effectof informativenes®n the speed
of the participantsresponsedA first possibilityis that baboonssensitivityto informativeness
wasunderpinnedby metacognitivebilitiessuchasuncertaintymonitoring. Under this rich
interpretation,beforethe color changethe baboongepresentedhe possiblelternativeoca-
tions of S+,alongwith anestimateof their own uncertaintyoverthesealternativesunder-
standablymore uncertaintyaboutthe reward'slocationwould resultin slowerresponsefrom
the participants.

A secondbarguablyeanerbaccounisthatduring the anticipationperiod, the partici-
pantsadjustedheir behaviordo the cue'sinformativenessvithout monitoring their uncer-
tainty. Forinstanceduring the anticipationperiod, the participantsmight haveprepared
their responsdy dividing their attentionoverthe repetitionsof the cue. Whenthe number
of the cuedshape'sepetitionwaslarger,the participantsneededo monitor more stimuli,
thusslowingdown their detectionof the color changeand subsequentlytheir reaction
times.Notethatthis interpretationstill impliesthat during the anticipationperiod,the
participantshavea beliefdistribution aboutwhich stimuli in theresponsealisplaycouldbe
thetarget. Thewiderthedistribution of probability,the lesscertainthe participantcanbe,
thoughthis uncertaintydoesnot haveto berepresentedssuch.Suchamechanisnwould
becomputationallyefficient,sinceit would allowbaboongo slowdowntheir responses
whenthe evidencettheir disposalvasof lessequalitybyet it would not requirethat
baboonamonitor their uncertainty.

Theseresultsarestronglyreminiscentof Hyman'sremark[30], basedn Hick (1952)[31]:
aWhen astimulusis choserto which Smustmakeadiscriminatoryresponsehisreaction
time seemgo beamonotonicallyincreasingunction of the numberof possiblestimuli from
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whichthe stimuluscanbechosenq1953,188).Hyman alsonotesthat this type of experimen-
tal set-up®canbelookedupon asamodelof acommunicationsystem{1953,188).Indeed,
themechanismgvidencederein baboondulfill two desideratdhatarecrucialfor manythe-
oriesof contextuallysensitiveforms of communication(e.g.[2, 4]). First,theyallowbaboons
to adjusttheir behaviordo the contextuallydependeninformativenes®f cuesindeed,in our
study,therewasnothing aboutthe cuedshapétselfthat madeit intrinsically informative.
Rather the cue'sinformativenessiependedentirelyon context,i.e.,thedistribution of shapes
thatthe participantshadto choosd€rom. Secondasarguedabove paboonssensitivityto
informativenessnayrely on relativelyleanmechanismshat arenonethelessomputationally
efficient(e.g.[24]). From amoreevolutionarystandpoint,our datavindicatethe viewthata
sensitivityto informativenesss alreadypresentin non-humanprimates,andshapeshe way
theyusecueq7]. It canthereforebeconcludedthat the cognitiveability to processnforma-
tivenesgpre-existedhe emergencef languagen the primatelineage.
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