


perspectives[9, 10].However,its precisenatureremainsunclearandno consensushasbeen
reachedsofar on thedegreeto, andthemechanismsthrough,whichperceptualprocessesmay
beinfluencedby language[11,12].Thereportedeffectsof languageon visualperceptioncan
bebroadlydistinguishedin onlineandoffline effects[5]. Our studyisconcernedwith the
onlineeffectsof languageon avisualsearchtask.

In visualsearchanddetectiontasks,theprovisionof alinguisticexpectationfor theincom-
ing perceptualinput isacommonmanipulationusedto demonstratethat languagecaninflu-
encevisualperception[5]. Objectnames(that is,basiclevellabels)havebeenwidelyusedto
inducesuchlinguisticexpectationandtheir influenceon visualperceptionhasbeenaccounted
for bypostulatingthat theycanpre-activatevisualfeaturesthatdistinguishato-be-detected
objectfrom anon-target[5, 13±15].Further,top-downaugmentationof perceptualrepresenta-
tionscanbeup-regulatedbyactivatingthelabelto agreaterdegree[16]. In this regard,the
label-feedbackhypothesis[16,17]proposesthathearing[14,15,18±22]or readingaloud[17,
22,23] thevisuallypresentednameof atargetobjectmayfacilitateperformancein afollowing
detectiontrial morethansilentlyreadingavisuallypresentedlabel[17,22].It isproposedthata
labelcouldinfluenceearlyvisualprocessingbypriming linguisticandperceptualrepresenta-
tionsassociatedwith aconcept,astheactivatedlexemesdynamicallyinteractwith featuredetec-
tors[23]. Byestablishingalinguisticexpectationwithin whichtheincominginput isprocessed,
theword labelmaythusproducealabel-feedbackeffect[23] or labeladvantageeffect[15] due
to its aid in theformulationof perceptualhypotheseson theincomingvisualinput [24].

A purelyvisualpresentationof thelabelactivatesobject-diagnosticfeatures[16,17],and
theadditionof aconcomitantauditorypresentationmayboostvisualsearch[16], viaamecha-
nismof multimodal facilitation[17,23].Indeed,whentwo independentsensoryinputs(e.g.
anauditoryandavisualinput) interactbyprovidingconsistentinformation, their effectiveness
maybehigherthanwhenthesameinformation isprovidedin asinglesensorymodality[17].

Overall,theenhancementlinked to theauditorily presentedlabelhasbeenrelatedto higher
sensitivityatdetectingavisualtarget[18,19],shorterresponsetimes(RTs)atpictureverifica-
tion [15], visualsearch[17,22,23]anddetectiontasks[18,20,21,23],andhigheraccuracyat
visualsearch[17,22,23]andrecognitiontasks[21], comparedto arangeof control conditions,
suchas:silentreading[17,22]and/orvisualcue[19,22],no valid [18,23]or absentcue
[18,20,23],nonverbalsound[14,15,21].Theeffectof theadditionaloral labelon perception
tendsto betransient,lastingafewhundredsof millisecondsafterlabelonset[16], andwould
bemaximalwhenthetargetishigh in imageryconcordance[17,22] (i.e.thedegreeof agree-
mentbetweenthedepictedobjectandits mentalimage)[25,26].

In mostof thestudiesconductedthusfar on thelabel-feedbackhypothesis,labelshavebeen
systematicallypresentedatbasiclevel,correspondingto thenameof thetargetobject(e.g.gui-
tar), while labelsatsuperordinatelevel,relatedto thecategoryof thetarget(e.g.musical instru-
ments), haveneverbeenemployed.Labelsatsuperordinatelevelwereintroducedin other
contexts,suchasin ataskof visualrecognitionof indeterminatetwo-toneMooneyimages
[27]. Theydid yieldasignificantfacilitation,whichwasnot, however,asstrongasthatpro-
videdby thebasic-levellabel(anearly4-fold incrementvs.a16-foldincreasein accuracyin
recognizingMooneyimagesrelativeto afree-namingbaseline)[27]. In theliteratureon visual
search,thesuperordinatelabelhasbeenusedonce,to testfor thepresenceof abasic-levellabel
superiorityeffect[28]. Labelswerepresentedonly visuallyprior to theonsetof asearchgrid
andsuperordinatelabelswerecomparedto pictorial previews,subordinatelabelsandbasic
levellabels.Thedataindicatedthat,besidesanoveralladvantageof pictorial cues,labelspeci-
ficity mayfacilitatevisualsearchin theguidanceto targetphase(i.e.from theonsetof the
searchdisplayto thefirst fixation of thetarget),whereasabasic-levellabelsuperiorityeffect
unfoldsat theverificationstage(i.e.from thefirst fixation of thetargetto responseselection)
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[28]. Thismight providegeneralsupportfor predictiveprocessingaccountsof visualpercep-
tion, positingthatprior knowledge(providedby labelsatdifferenthierarchicallevels)may
feedbackto modulatelowerlevelsof perceptualprocessing[29±31].However,performance
afterasuperordinatelevellabelrankedlast,indicatingthat thepotentialfor applicationof find-
ingson labelfacilitationto performancecritical real-worldsearchtasksmaynot beasstraight-
forwardasonemaywish[23]. In aviationsecurityscreening[32], superordinatecategoriesare
moreusefulasaguideto routinesearchesthanbasicor subordinatecategories(for example,a
screenermaybetypicallyinstructedto look for weapons ratherthanfor ahandgun or aBeretta
92), whereasanarrowfocuson thelattermaybedetrimental.Therefore,alsofrom atransla-
tional point of viewit is important to establishwhetherandfor whattypeof categoriesaputa-
tivesuperordinatelabelfeedbackeffectmayfacilitateperformancein visualsearchtasks.

In thecurrentstudy,weinvestigatedtheeffectof superordinatelabelsandof their presenta-
tion modalityon performancein avisualsearchtaskwhereparticipantsarerequiredto assess
whetheracollectionof objectscontainsanobjectbelongingto thesuperordinatecategory,in
thefastestandmostaccurateway.

Thenameof acategory(i.e.alabelat thesuperordinatelevelin thecategoricalhierarchy,
e.g.garment) wasusedasacueinsteadof themorecommonlyusedtargetname(abasiclevel
label,e.g.shirt), in orderto haveaninsightinto thetypeof featuresactivatedby thelabel.From
atheoreticalstandpoint,thelabelfeedbackhypothesisassumesthat theeffectsof labelson
visualsearchstemfrom thepreactivationof featuresassociatedto theconceptthelabelrefers
to. However,not all membersof asuperordinatecategorysharethesamevisualfeatures,or
theymayshareveryfewof them.In thiscase,theactivatedvisualfeaturesmaybeverygeneral,
e.g.allowingto distinguishbirds from furniture, or theymaybethosecharacterizingmost,and
themosttypical,membersof thecategory[see,e.g.33,34].Theuseof superordinatecategory
labelsmaythusallowusto ascertainwhethertheyprovidesufficientlinguisticexpectationsto
beinstrumentalin theformulationof perceptualhypotheseson theincomingvisualinput,
basedon general(asopposedto specific)visualknowledge[21] andaffordances[26,35].

Crucially,wepresentedthelabelauditorily andvisually(audio+visuallabel,AV, thetarget
condition),andcomparedthiscondition to anothermultimodalaudiovisualcondition, i.e.a
visuallypresentedtargetcategorynamepluswhitenoise(whitenoise+visuallabel,NV, the
multi-modal control condition).Thispermittedusto avoidoperationalizingthelabel-feed-
backeffectasadifferencebetweenamultimodalandaunimodalcondition,amethodological
issuewhichbothCho[22] andHebertetal.[23] havealreadynoticedin thepreviousliterature
[17], whileofferingevidencewith anovelcontrol condition for thelabel-feedbackaccount.A
whitenoisecontrol condition hasbeenpreviouslyusedin thecontextof multimodal interac-
tion studiesasanauditorystimulusunrelatedto thepicturesof aneventscenein thesearch
display[36] or in arecognitiontask[37,38],to becontrastedeitherto asoundcongruentwith
thetarget[36,37],for examplethesoundof glassshatteringfor ªbreakº,or to no sound(the
targetconditions)[38], or asoundcongruentwith adistractor[36,37].With respectto the
whitenoisecontrol condition,themeanresponsetime wasshorterfor thetarget-relatedsound
condition (indicatingauditoryenhancementof thesearch)andlongerfor thedistractor-
relatedsoundcondition [36,37].Additionally, thenamingof picturesthatshowanobjectwith
atypicalsoundwasdelayedbywhitenoise[38]. Sincewhitenoisedoesnot provideanyrele-
vantlinguisticinformation, in addition to beingavalidbaseline,thecondition with white
noisemayhelpruleout that theauditorystimulusin themultimodal labelcondition actsasan
attention-capturedeviceratherthanafeatureactivationtrigger,aspositedby thelabelfeed-
backhypothesis.

Our primary hypothesiswaspreregisteredandconcernedspecificallythecontrastbetween
theAV experimentalcondition andtheNV control condition.Wepredictedanoveralleffect
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on reactiontimes(RTs)(accuracyshowsaceilingeffectalmostin everystudymentioned
above,[17±23]for correctresponseswhichcanbeformulatedasfollows:

Mean correct RTs AV superordinate labelð Þ < Mean correct RTs NV superordinate labelð Þ:

All theothervariableswereintroducedandmeasuredor manipulatedfor exploratory
purposes.

In orderto capturepotentialchangesin sensitivity,in addition to RTsandaccuracy,we
measuredperformancealsoin termsof dprime(ameasurederivedfrom SignalDetection,
Theory)[39,40],consideredanindexof earlyperceptualprocessing[41,42].Our participants
wererequiredto respondwhetherthetargetispresentor absent,asin Lupyan& Ward [18]
andLupyan& Spivey[19], wheretheoral label-feedbackeffectisshownto increasesensitivity
in detectingavisualtargetcomparedto absent[18] or visualcue[19]. To assesswhethermulti-
modalpresentationconfersanadvantage[43±47]whenasuperordinatelabelisused,thelabel
wasalsopresentedin aunimodalformat,eitherauditorily (audiolabel,A; unisensoryauditory
control condition) or visually(visuallabel,V; unisensoryvisualcontrol condition).

To assesswhetherthesuperordinatelabel-feedbackeffectmaybemodulatedbycategory
typeandhaverelevantimplicationsfor real-worldsearches,threedifferenttargetcategories
wereincluded.Twoof them(properweaponsandgarments)referto well-definedstandard
categories,whereasthethird (improperweapons)refersto asetof itemswhoseprimary func-
tion isdifferentthanthat implied by their label.Werecentlydocumentedthepsychological
realityof improperweapons[48,49],which includeeverydaytoolsthatcanbeusedasweap-
onsor carriedwith thepurposeto injure. Thedefinition of improperweaponsisderivedfrom
theclassificationof weaponsappliedwithin theItalian PenalSystem(in accordancewith inter-
nationalstandards;e.g.,for theUnited Kingdom,seetheOffensiveWeaponsAct andCriminal
JusticeAct; for theUnited States,seetheFederalSwitchbladeAct andUnited StatesCode,
Title 18)andincludes,for example,sharpandblunt objects(e.g.knives,hammers;art.4 of
Italian lawn.110,April 18,1975).Wefound that improperweaponsaredistinguished(albeit
with blurry lines)from bothproperweapons(i.e.createdwith thepurposeof causingharm)
andeverydayobjectsthatdo not havetheintrinsic characteristicof causingharm(e.g.books,
spoons)byaseriesof attributes(dangerousness,frequencyof incidentsin whichtheseobjects
areinvolved,feelingof control,andfamiliarity), suggestingthat it wouldbeworth to consider
improperweaponsasapsychologicallyªautonomousºcategory[48,49].Previousresearchon
language-cuedvisualsearchconsideredneitherthisspecificcategorynor adhoccategoriesat
large.Garments,but not weapons,havebeenextensivelyusedin otherstudieswith basic-level
categorylabels[14,15,17,18,20±23].Giventhedifferencesin intrinsic properties[48,49]
betweenproperandimproperweapons,andbetweenweaponsandgarments,weconsideredit
particularlyinformativeto evaluateeachof thethreecategoriesseparately,for anadditional
characterizationof thereportedeffects.

Finally,previousresearchsuggeststhatanxietymayimpair attentionalcontrol,while
increasingattentionto specifictypesof stimuli, suchasthoseassociatedwith threats[50±52].
Angry facialexpressions[53,54],dangerousanimals[55,56],weapons[55] or objectsthatcan
beusedthisway[55], canmorereadilybedetectedthanmatchednon-threateningstimuli.
Thisphenomenonis referredto in theliteratureasthethreatsuperiorityeffect(TSE)[57]. A
perceiver-basedinfluencethat is thoughtto playanimportant role in threat-basedvisual
searchtasksis thelevelof trait anxiety.Forexample,apositivecorrelationhasbeenreported
betweenthelevelof trait anxietyandRTsfor angryfacetargets[54,58],andin patientswith
schizophreniafor non-socialthreats,suchassnakes[59].
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Therefore,beforethestartof theexperimentalsession,participantswereindividually
assessedfor trait anxiety,in orderto probeits potentialrelationwith performancedepending
on thetargetcategoryandinteractwith thelabel-feedbackeffect(seeMethods,2.1.1Individual
assessment).

To summarize,thestudyprovidesoriginaldataon four relatedaspects:thelabel-feedback
effectoperationalizedasanadvantagefor audiovisualoverwhite-noise+visuallabelsin visual
search;theeffectivenessof superordinatelevelcategorylabelsin igniting thelabel-feedback
effect;whetheralabel-feedbackeffectis foundwith anad-hoccategoryreferringto asecond-
aryfunction of items(that is,improperweapons);thesusceptibilityof searchperformanceand
of thelabel-feedbackeffectto trait anxiety.

Thestudywaspreregisteredbeforethestartof anydatacollectionandthepreregistration
file canbeviewedon theOpenScienceFramework[60] at thefollowing link:

https://osf.io/c8y5v/?view_only=1dd9cc2356444294a4ccd4bf80ae0a05.

2. Methods

TheMethodsfollow closelyour preregisteredplan[60], with oneexception.In orderto pre-
ventparticipantsfrom dependingsolelyon auditoryinformation to performthetask,dueto
fasterearlyprocessingtimesof spokencomparedto visualwords[61], theaudiolabelor white
noisehavebeenprovided200millisecondsaftertheonsetof thevisuallabel(see2.3Proce-
dure).Asaresult,both in themultimodalandin theunimodalconditions,thevisuallabel
lasted1700ms,while theauditorylabel(or whitenoise)lasted1500ms.

2.1 Participants

Asperour preregistrationplan,weobtainedfull datafrom 200maleandfemaleItalian speak-
ing,adult (over18yearsof age)participants,ableto expresstheir informedconsent.Thetarget
numberwasreachedafterrecruiting283volunteers(of them,83eitherfinishedthestudytoo
quicklyor too slowly,basedon pre-establishedcriteria;see2.4.1Dataexclusionandmissing
data).

Theyall reportednormalcognitivefunctionsandno centraland/orperipheralvisualor
hearingproblems.TheProlific platformwasusedto recruit participants.Prior to theexperi-
ment,all participantsprovidedonlinewritten informedconsentand,aftercompletingit, they
werepaid€ 4.06each.

Thesamplesizewasdeterminedon thebasisof anapriori poweranalysiscalibratedon the
mainhypothesisof theexperiment(seeIntroduction), with theuseof thesoftwareprogram
G*Power3.1[62]. Wesetanobjectiveof .90powerto detectasmalleffectsizeof d = .25at the
standard.02alphaerror probabilitywith apaired-samplesStudent'st-test.Thiswouldrequire
asamplesizeof 181(one-tailed)but weplacedour targetat200participants,to increasethe
probabilitythat thedesiredminimum numberof participantswasavailableafterpotential
exclusionsat thedataanalysisstage(i.e.aftercompletionof datacollection;see2.4.1Data
exclusionandmissingdata).Thestudywasapprovedby theUniversityof TrentoHuman
ResearchEthicsCommitteeon 4th September2020(Protocol2020±019).Thewholeprocedure
wasrealizedin accordancewith theHelsinkiDeclaration(World MedicalAssociation,2013).
Recruitmenttook placefrom 22/08/2021to 25/08/2021.

2.1.1 Individual assessment. Giventhepresencein thisstudyof categoriesof objectsthat
couldbedefinedasthreats,individual differencesin aself-reportedtrait (trait anxiety)were
measuredviatheSTAI-Y State Trait Anxiety Inventory (Y2) [63] beforethebeginningof the
experimentalsession.
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2.2 Stimuli

2.2.1 Labels. Threelabelswereemployed,onefor eachtargetcategory:ªproperweaponº
(in Italian:ªarmapropriaº), ªimproperweaponº(in Italian:ªarmaimpropriaº), ªgarmentº(in
Italian:ªindumentoº).Thelabelsfor thetwo weaponcategorieswerecastfrom theItalian
PenalSystem.Regardingthevisuallabelformat,Helvetica,font size18,blacktextwasdis-
playedon awhitebackgroundfor thevisuallabel.Theaudioformat for eachof thethreelabels
wererecordingsof amalevoicesayingaloudthenameof thecategorygeneratedviaAudacity
softwarewith anintensityof 70dBSPL.

2.2.2 Target. Foreachof thethreecategories,i.e.properweapons,improperweapons,
garments,tentargetobjectswerechosen,whichwereaselectionof theitemsincludedin Fru-
garelloetal.[48]. Measuresof imageryconcordance[19,22],familiarity andvisualcomplexity
for thesetargets(seeS1Tablefor details)wereavailablefrom Frugarelloetal.[49], wherean
independentbut comparablesampleof participantsansweredthefollowingquestions[25]:
"How muchdoestheimageyouseematchyour ideaof theobject?",ªHow familiar is this
object,accordingto howusualor unusualtheobjectis in your experience?ºandªHow com-
plexis thisobjectin termsof theamountof detailor intricacyof lines?ºrespectively,with a
5-point scalerangingfrom 1 (Not atall/Verysimple)to 5 (Extremely/Verycomplex)[25].
Threeone-wayANOVAs (familywisesignificancecriterion:pFW< .02,loweredto p< .007
perindividual ANOVA afterBonferronicorrection)showedthat thethreecategoriesdo not
differ in termsof imageryconcordance(p = 0.44),andvisualcomplexity(p = 0.09).Thethree
categoriesdifferedin familiarity (p< .001),in theexpecteddirection[49]: proper
weapons< improperweapons< garments(all ps< .001).

Thefollowing itemswereincludedin our study:

· Garments: undershirt,jeans,sneaker,shirt, sock,hat,jacket,cap,skirt, heelshoe.

· Improper weapons: baseballbat,cutter,screwdriver,hammer,scissors,cookingthermometer,
tube,razor,blowpipe,pliers.

· Proper weapons: puncher,dynamite,gun,bullets,bomb,rifle, flaregun,dagger,baton,
detonator.

In thevisualsearchdisplay,thetargetandthedistractorswereplacedon aninvisible5x5
searchgrid, whichwascenteredon thedisplayandcomprised25equidistantvirtual positions
[17,22].Bothtargetsanddistractorswerestandardizedto occupy10%width × 15%heightof
thescreendisplayedon a17-inchDell monitor ataresolutionof 1280× 1024.

OsWeb,theonlineruntime for OpenSesameexperiments,aJavaScriptlibrary that inter-
pretsandperformsOpenSesameexperiments,adaptedthesizeof thesearchgrid andstimuli
to thesizeof thecomputerscreenof theparticipants(further information availablehere:
https://osdoc.cogsci.nl/manual/osweb/osweb/#about-osweb).

Thetargetappearedin halfof thetrialsandwasabsentin theotherhalf,whereit was
replacedbyadistractor.Whenpresent,thetargetwasdisplayedalongwith 11distractors;
whenabsent,12distractorsweredisplayed.Targetswerepositionedpseudo-randomlyto
ensureevenfrequenciesof appearanceacrossthefour quadrantsof thesearchgrid. Eachtarget
appearedfour times,oncein eachLabelformatblock.Eachblockconsistedof 60trials(30
with targetpresent,30with targetabsent),andeachtrial containedasingletarget.Assuch,the
totalnumberof trialswas240:10targetsx 3categoriesx 4 labelformats(AV, NV, A, V) x 2
targetstatus(present/absent).

2.2.3 Distractors. Thedistractorswereselectedfrom avarietyof databasesproviding
colorphotographsof real-worldobjectson awhitebackground.Living organisms(animals
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andplants),food,anditemswith largephysicaldimensions(i.e.itemsthatcouldnot fit into a
suitcase,suchasvehicles,furniture, buildingsetc.)werenot considered.Eachdistractor
appearedfour timesduring theexperiment,justaseachtarget.Asaresult,330distractors
wererequiredfor the120trials in whichthetargetwaspresent,and360distractorswere
requiredfor the120trials in whichthetargetwasabsent.At thestartof theexperiment,
another23distractorswereusedfor practicetrials(see2.3Procedure).The713distractors
requiredfor thestudy(690for theexperimentalsessionand23for thepracticesession)were
sourcedfrom thefollowingdatabases:

368(out of 1468)from Brodeur,GueÂrard & Bouras[64].

103(out of 551)from Ni etal.[65].

55(out of 360)from Moreno-MartõÂnez& Montoro [66].

39(out of 106)from MartõÂnez,Matute& Goikoetxea[67].

117(out of 450)from Saryazdietal.[68] (2018).

31(out of 174)from Viggiano,Vannucci& Righi [69].

2.2.4 Search displays. Foreachsearchdisplay(trial-level)wecalculatedelevenstandard
visualcomplexityindices:contrast,correlation,energy,homogeneity,compressionratio [70],
colourfulness,numberof colors,entropy,edgedensity[71], featurecongestion[72] andsub-
bandentropy[72]. The"graycoprops"function of MATLAB (R2017b)wasusedto calculate
thefirst four indices,whichmeasuretheattributesof theGreyLevelCo-occurrenceMatrix
(GLCM) [73]. Thefifth throughtenth indicesweregeneratedin R(4.0.3)usingthepackages
"imager"(0.42.3),"imagefluency"(0.2.3),"EBImage"(4.32.0),and"jpeg"(0.1±8.1).Thelatter
two werecalculatedusingMATLAB (R2017b)[72].

With afamilywisesignificancecriterion of pFW< .02(loweredto .0018perindividual test
afterBonferronicorrection),elevenone-wayANOVAs showedthatsearchdisplaysdid not
differ on eachof thesecomplexitymeasuresacrossthethreecategories(all ps> .05).Theval-
uesof theindicesfor eachtrial arereportedin S1File.

2.3 Procedure

Theexperimenthadamaximumdurationof 30minutesandwascarriedout in anonline
mode,combiningOSWeb(OpenSesameWeb,3.3.8)[74] with JATOS[75]. At thebeginning
of theexperiment,theparticipantscompletedtheSTAI-Y(Y-2).Thenanintroductory phase
followed,in whichabrief definition of thecategoriesto besearchedwasdisplayed(e.g.ªAny
objectwhosemainpurposeis to offendtheindividual isconsideredaproperweapon.It was
madespecificallyasaninstrumentfor offenceandfor no otherreasonº),alongwith examples
of objectsthatbelongto eachcategory.Foreachcategory,tenobjectssimilarbut not visually
identicalto thetargets(that is,theyweredifferentinstancesof eachtarget)weredisplayed,one
byone.Moreover,theparticipantwasinformedthat thelabelformatswerein auditoryand/or
visualmode,andexamplesof audiostimuli similarbut not identicalto thoseusedin theexper-
imentalsession(in this introductory phase,anonwordandawhitenoisewith differentfre-
quencyandbandwidthbut with thesamedurationastheexperimentalstimuli) weregiven.
Bothwhitenoises,theoneusedin theintroductoryphaseandtheoneusedin theexperimental
task(monotrack,44.100Hz samplingfrequencywith 32-bit float,bandwidth43Hz-20,005
kHz) [76], weregeneratedviaAudacitysoftware.Theinitial intensityof theaudiofileswasset
to 70dBSPL[76], howeverparticipantsweregiventheoption to changeit during thepractice
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phaseif thesound/whitenoiseweretoo loud or too weak.At theendof theintroductory
phase,theparticipantreceivedinstructionson howto successfullycompletethetaskandwas
assignedaresponserule (associationof responsesªyesºandªnoº to responsekeysZ andM on
aQWERTYkeyboard,counterbalancedbetweenparticipants).

Themain taskÐrequiringparticipantsto decidewhetheratargetobjectwaspresentin the
displayedarrayof objectsÐwasdividedin four mainblocks,eachcharacterizedbyadifferent
labelformat.

At thebeginningof eachblock,experimentaltrialswereprecededbyapracticesessionwith
twelvetrials,whosetargetsweretakenfrom theexamplesof objectsbelongingto eachof the
categoriesshownin theintroductory phase;thus,targetsin practicetrialswerevisuallydiffer-
ent from thosein experimentaltrials.In eachtrial (practiceandexperimental),visuallabels
werepresentedfor 1.7seconds,followedbyasearchdisplayaftera500millisecondsfixation
point.

Audio labelsandwhitenoisewerepresentedfor 1.5seconds(with onset200msafterthe
visuallabelin theAV andNV conditions),allowingtheparticipantto processboth labelswith-
out disregardingoneof thetwo [77±79].Eachsearchdisplaycontainedtwelveobjectsand
remainedon thescreenfor amaximumtime of 3seconds,whichwasalsothedeadlinefor
response(Fig1).

In practicetrials,afeedbackon accuracywasprovidedimmediatelyafteraresponse,with
targets,whenpresent,highlightedwith aredcircleon theimageafterthefeedback.In each
experimentaltrial (with or without response),only feedbackon cumulativeaccuracyfor the
currentblockwasshown.After thefeedback,afixation point appeared,signalingthestartof
thenexttrial. Theinter trial interval(i.e.ITI) variedrandomlybetween250and1000ms.

Fig 1. Trial structure for the experimental task. Labelsarealwayspresentedin advanceof thesearchdisplay;targetsarepresentin
halfof thetrials.

https://doi.org/10.1371/journal.pone.0306736.g001
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Theorderof appearanceof theblockswascounterbalancedacrossparticipants.Within
eachblock,trialsappearedrandomly,with theconstraintsthatno morethantwo targetsfrom
thesamecategorycouldappearin arow andno morethanthreeidenticalresponseswere
requestedin arow.

2.4 Data analysis

2.4.1 Data exclusion and missing data. Asestablishedat thepreregistrationstage[60],
on reaching200participants,aqualitycontrol of thedatawasperformed.Participantswho
completedtheexperimentin atime-framethatwas3 standarddeviations(SD)belowor above
theaverageof all availableparticipantswereexcludedandreplaceduntil thetargetsamplesize
wasreachedagainandanothercheckwasperformed.Oncethetargetsamplesizewasreached,
datacollectionwasclosed.

Participantswith 50%accuracyor lesswerethenexcludedfrom theanalysis,aswere
participantswith morethan5%missingdata[80], or whohadlessthan5%missingdata
but all relatingto trialsof thesamelabelformat or relatingto thesamecategory(this is
referredto thenumberof emptycellsout of a total of 60for eachlabelformat,10targetsx 3
categoriesx 2 targetstatus,or 80cellsfor eachcategory,10targetsx 4 labelformatsx 2 tar-
getstatus).

CorrectRTsfasterthan200ms,andtrialswith lateresponse,hencenot loggedwithin the
permittedtime frame(3 seconds),or missingresponseswereexcludedfrom theanalysis[81]
andconsideredasmissingdata[60].

Thefinal numberof participantswhosedatawereanalyzedwas186.
2.4.2 Statistical analyses. Thevariablesconsideredarethefollowing:RTsin AV andNV

labelformat (confirmatoryanalyses),RTsin eachlabelformat for eachcategory(exploratory
analyses),dprimefor eachlabelformat for eachcategory(exploratoryanalyses),RTsfor each
categoryandSTAI-Y2scores(exploratoryanalyses).

ConfirmatoryanalyseswereperformedusingR(4.0.3)on correctRTsto experimentaltrials
aftertrimming outliersby themodifiedrecursiveprocedureof VanSelst& Jolicoeur[82] with
athresholdof 3.5SD,in accordancewith thepreregisteredprotocol(i.e.t-testbetweenRTsAV

andRTsNV).
Thedatasetwasthensubmittedto aseriesof exploratoryanalysesusingtheªEzº(4±4.0),

ªPsychreportº(3.0.1),ªEffectsizeº(0.4.5),ªCocorº(1.1±4)[83] R'spackages.
In exploratoryanalyses,wecomputedrobustestimateintervalsandperformedhypothesis

testingusingthebootstrapapproach(2000repeats)for all crucialcontrasts,in casesomeof the
datadid not meetall of theassumptionsof parametricanalyses[84]. ThewBootpackagewas
usedfor robustpairedt-testsandfor post-hoccomparisonsfollowingexploratoryANOVAs
[85]. Outputsfrom standardstatisticaltestshavebeenreportedtogetherwith CIsof therobust
test.p valuesfrom robusttestshavebeendetailedwheretheydiffer in significancefrom stan-
dardtesting.Parametrictestswereusedfor investigationof theassociationbetweentrait-anxi-
etyandperformance.

In orderto assesswhethercorrectRTsdifferedacrossthefactorsLabelformatandCate-
gory,a4× 3 repeatedmeasuresANOVA wasconducted,with Labelformat (AV, NV, A, V)
andCategory(properweapons,improperweapons,garments)aswithin-participant factors.
Only target-presenttrialswereincluded.

In orderto assesswhetherdprimedifferedacrossthefactorsLabelformatandCategory,a
4× 3 repeatedmeasuresANOVA wasconducted,with Labelformat (AV, NV, A, V) andCate-
gory(properweapons,improperweapons,garments)aswithin-participant factors.
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A family-wisesignificancecriterion of pFW< .02wasused(loweredto p< .01per individ-
ualANOVA afterBonferronicorrection).In caseof significantinteractions,pairwisecompari-
sonswereconductedwith Bonferroni'spost-hoctest.

For theSTAI-Y (Y2), Cronbach'salphawascalculated.An exploratoryanalysiswasper-
formedto assesswhethertrait anxietywaslinked to theparticipant'sperformance.

A Pearson'scorrelationwasusedto assesstherelationbetweenRTson correcttrials
betweeneachcategoryandSTAI-Y2scores.Thefamily-wisealphathresholdwaspFW< .02
(loweredto p< .006perindividual testafterBonferronicorrection).Comparisonsbetween
thecorrelationindiceswerethenperformedwith theHittner's test[86]. A family-wisesignifi-
cancecriterion of pFW< .02wasused(loweredto p< .006pereachcomparisonafterBonfer-
roni correction).

3. Results

After reachingthetotalof 200participants(106males,agerange= 18±73years,average
age= 27.5years)setin our preregistrationplan,eightparticipantswerediscardedbecause
their accuracywasequalor lowerthan50%,andanother6participantsbecausetheir missing
datawere> 5%.Thefinal sampleavailablefor analysesis thusof 186participants(101males;
agerange= 18±64years,averageage= 27.6years).After removingoutlier trials(0.73%of total
trials)usingthevanSelstandJolicoeur'smethod[82] andincorrectresponses(8%of total tri-
als),thepreregisteredanalysiswasconducted(see3.1Pre-registeredanalysis),followedbya
seriesof exploratoryanalyses(see3.2Exploratoryanalyses).On average,our final sampleof
participantsrespondedaccuratelyto 87.5%(sd= 0.4)of thetrials,with aresponsetime of 1405
ms(sd= 530).In line with theliterature[87], RTswereslowerin targetabsenttrials(M = 1712
ms,sd= 480)thanin targetpresenttrials(M = 1099ms,sd= 400),andaccuracywaslowerin
targetpresent(M = 83.7%,sd= 0.55)thanin targetabsenttrials(M = 91.4%,sd= 0.61).A
smallpositivecorrelationbetweenRTsandaccuracywasthusfound in overallperformance
(ρ(185)= .06;p< .001).Whenconsideringtargetabsentandtargetpresenttrialsseparately,a
speed-accuracytradeoffwasfound for targetabsenttrials(ρ(185)= .16;p = .001),but not for
targetpresenttrials(ρ(185)= .02;p = .61).After testingfor andconfirming thepresenceof a
label-feedbackeffectacrossall trials(asperpreregisteredanalysis),our followinganalyseson
RTsweremainly focusedon targetpresenttrials,that is thecondition driving thesignificant
label-feedbackeffectacrossall trials(seebelow).

3.1 Pre-registered analysis

A significantdifferencewasfound in correctRTsbetweentheAV labelcondition andtheNV
labelcondition t(185)= -3.72,p = 0.008,Bootstrapped:M = -39.21,98%CI [(-13.40)].On aver-
age,RTswere39msfasterin theAV labelcondition (M = 1207.7ms,sd= 129.8)thanin the
NV labelcondition (M = 1246.5ms,sd= 126.2).

3.2 Exploratory analyses

3.2.1 RTs. Two separatefollow-up t-testswereperformedto assesswhethertheadvantage
of theAV labelcondition overtheNV labelcondition heldfor both targetabsentandtarget
presenttrials.In targetabsenttrials,no significantdifferencewasfoundbetweentheAV label
condition (M = 1389.3ms,sd= 141.3)andtheNV labelcondition (M = 1411.7ms,sd= 167.5)
[t(185)= -1.05,p = 0.14,Bootstrapped:M = -22.12,98%CI (21.12)].In targetpresenttrials,
RTssignificantlydifferedbetweentheAV labelcondition andtheNV labelcondition [t(185)
= -6.55,p< .001,d = .24,Bootstrapped:M = -55.04,98%CI (-40.77)].On average,RTswere
55msfasterin theAV label(M = 1026.11ms,sd= 221.78)thanin theNV labelcondition
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(M = 1081.30ms,sd= 237.77)for targetpresenttrials.Thepresenceof alabel-feedbackeffect
wasalsoexaminedfor accuracy(percentageof correctresponses),althoughthiswasnot the
variableof primary interest,bycomparingAV andNV overall,in trialswith thetargetpresent,
andin trialswith thetargetabsent.Thesamepatternwasfoundasin RTs,with asignificant
advantagefor theAV overtheNV condition acrosstrials[t(185)= 4.28,p< .001;MAV =
90.6%,sdAV = 0.56;MNV = 88.5%,sdNV = 0.65]andin trialswith thetargetpresent[t(185)=
5.27,p< .001;MAV = 88.4%,sdAV = 0.69;MNV = 85.1%,sdNV = 0.71]but not in trialswith the
targetabsent[t(185)= 1.47,p = .07;MAV = 92.8%,sdAV = 0.77;MNV = 91.8%,sdNV = 0.95].
Therefore,only trialswith thetargetpresentwereincludedin thesubsequentexploratory
ANOVA for RTs.

The4 (Labelformat)× 3 (Category)repeatedmeasuresANOVA revealedmaineffectsof
Labelformat [F(3,555)= 82.78,MSE= 51307.65,p< .001,ηp

2 = .31]andCategory[F(2,370)
= 597.88,p< .001,MSE= 52524.79,ηp

2 = .76].RTsaftertheAV labelwere55ms,98msand
145msshorterthanaftertheNV label[t(1115)= -7.71,p< .001,d = .24,Bootstrapped:M =
-55.23,98%CI (-71.88,-38.29)],theA label[t(1115)= -12.33p< .001,d = .38,Bootstrapped:
M = -98.39,98%CI (-115.8,-81.33)],andtheV label[t(1115)= -17.24,p< .001,d = .57,Boot-
strapped:M = -145.17,98%CI (-164,-126.5)],respectively(meanRTsarereportedin Table1
for eachLabelformat;statisticalsignificancehasbeenassessedviaBonferronipost-hoctests).
Moreover,RTswere43msand89msshorterfollowing theNV labelthantheA label[t(1115)
= -4.98,p = .006,d = .16,Bootstrapped:M = -42.92,98%CI (-62.86,-22.54)]andtheV label[t
(1115)= -10.21,p< .001,d = .34,Bootstrapped:M = -89.96,98%CI (-110.6,-69.65)],respec-
tively.Finally,RTswere47msshorterfollowing theA labelthantheV label[t(1115)= -4.87,p
< .001,d = .16,Bootstrapped:M = -46.40,98%CI (-68.05,-25.16)](seeFig2).

With respectto Category,Bonferroni'spost-hoctestsrevealedthatRTsfor properweapons
(M = 1225ms,sd= 217.55)were89msand284msslowerthanfor improperweapons
(M = 1136.19ms,sd= 189.10)[t(1457.7)= 8.44,p< .001,d = .35,Bootstrapped:M = 89.23,
98%CI (70.72,106.7)]andgarments(M = 940.68ms,sd= 170.79)[t(1406.7)= 28.08,p<
.001,d = .9,Bootstrapped:M = 284.81,98%CI (264.4,305.6)],respectively.RTswere195ms
slowerfor improperweaponsin respectto RTsfor garments[t(1470.8)= 20.9,p< .001,d =
.83,Bootstrapped:M = 195.35,98%CI (178,212.8)].

Themaineffectswerequalifiedbyasignificanttwo-wayinteractionbetweenLabelformat
andCategory[F(6,1110)= 3.6,p = .001,MSE= 44072.57,ηp

2 = .02].Bonferroni'spost-hoc
testsconfirmedthepatternfound for theCategorymaineffect,that isslowerRTsfor proper
weapons,fasterfor garments,with improperweaponsin themiddle,for all labelformats
(meandifferences,pairwisecomparisonsteststatistics,effectsizes,Bootstrappedmeansand
CI for Bonferroni'spost-hoctestsfor thetwo-wayinteractionbetweenLabelformatandCate-
goryarereportedin S2Table).

Bonferroni'spost-hoctestsshowedthatbothproperweaponsandgarmentsweredetected
significantlyfasterafteranAV labelthanafteranyotherlabel(all ps< .02).

ImproperweaponsweredetectedsignificantlyfasterafteranAV labelandaNV labelwith
respectto theA (p< .001andp = .004,respectively)andV formats(all ps< .001).All mean

Table 1. Mean RT for each condition of label format are reported below.

Label format Mean RT (sd)

Audio + visual(AV) 1026.11(221.78)

Noise+ visual(NV) 1081.30(237.77)

Audio (A) 1124.51(288.34)

Visual(V) 1171.22(281.04)

https://doi.org/10.1371/journal.pone.0306736.t001
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differences,pairwisecomparisonteststatistics,effectsizes,BootstrappedmeansandCI are
reportedin Table2 (seealsoFig3).

3.2.2 Dprime. The4 (Labelformat)× 3 (Category)repeatedmeasuresANOVA revealed
maineffectsof Labelformat [F(3,555)= 48.08,MSE= -0.04,p< .001,ηp

2 = .21]andCategory
[F(2,370)= 185.56,p< .001,MSE= 0.01,ηp

2 = .50].Bonferroni'spost-hoctestsrevealedthat
dprimewashigherafteranAV labelthanafteraNV label[t(557)= 4.5,p< .001,d = .23,Boot-
strapped:M = 0.16,98%CI (0.08,0.24)],anA label[t(557)= 8.88,p< .001,d = .53,Boot-
strapped:M = 0.37,98%CI (0.28,0.47)],andaV label[t(557)= 10.02,p< .001,d = .59,
Bootstrapped:M = 0.40,98%CI (0.30,0.49)].Similarly,dprimewashigherafteraNV label
thanafteranA [t(557)= 5.27,p< .001,d = .23,Bootstrapped:M = 0.21,98%CI (0.12,0.30)],
andaV label[t(557)= 6.11,p< .001,d = .35,Bootstrapped:M = 0.24,98%CI (0.15,0.33)]
(seeTable3).No significantdifferenceswerefound in dprimebetweenA andV labels[t(557)
= 0.80,p = 1,d = .04,Bootstrapped:M = 0.03,98%CI (-0.06,0.12)](seeFig4).

Moreover,dprimevalueswerelowerfor improperweaponscomparedto properweapons
[t(1425.8)= -3.53,p< .001,d = .16,Bootstrapped:M = -0.13,98%CI (-0.17,-0.08)]andgar-
ments[t(1392.1)= -16.22,p< .001,d = .74,Bootstrapped:M = -0.45,98%CI (-0.63,-0.53)].
Dprime valuesfor properweaponswerelowerthanthosefor garments[t(557)= -14.24,p<
.001,d = .71,Bootstrapped:M = -0.45,98%CI (-0.50,-0.40)].

Themaineffectswerequalifiedbyasignificanttwo-wayinteractionbetweenLabelformat
andCategory[F(6,1110)= 3.39,p = .002,MSE= -0.015,ηp

2 = .02].
Bonferroni'spost-hoctestsconfirmedthepatternfound for theCategorymaineffect,that

is lowerdprimevaluesfor improperweapons,higherfor garments,with properweaponsin
themiddle,for A andV labelformats.In AV andNV labelformats,dprimevalueswerestill
significantlyhigherfor garmentsthanfor improperandproperweapons,but no significant
differencewasfoundbetweenimproperandproperweapons,thoughdprimevalueswere

Fig 2. Mean RTs (y-axis) following each of the four label formats (x-axis) are shown. AV = audio+ visual;NV = noise+ visual,
A = audio,V = visual.Thesignificanceof thepairwisecomparisonsbetweenlabelformats(Bonferroni'spost-hoctests)is indicatedby
asterisks:** (p< .001).Thebox'srange,includingwhiskers,correspondsto themean+/-3*SD,thethick line running thewidth of the
boxrepresentsthemedian,thepoint insidetheboxrepresentsthemean.

https://doi.org/10.1371/journal.pone.0306736.g002
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lowerfor improperthanfor properweapons(meandifferences,pairwisecomparisonsteststa-
tistics,effectsizes,BootstrappedmeansandCI for Bonferroni'spost-hoctestsfor thetwo-way
interactionbetweenLabelformatandCategoryarereportedin S2Table).

Bonferroni'spost-hoctestsrevealedthatdprimewassignificantlyhigherafteranAV com-
paredto theNV (ps� .01),A, V (bothps< .001)labelsboth for garmentsandfor proper
weapons,whereasdprimefor improperweaponswashigherafteranAV andNV (p = 1) com-
paredto anA (p< .001andp = .01,respectively)andV label(bothps< .001).Meandiffer-
ences,pairwisecomparisonsteststatistic,effectsizes,BootstrappedmeansandCI arein
Table4 (seealsoFig5) (for ananalogousanalysison criterion seeS2File).

Table 2. Results of paired-comparisons between label and category.

Pairwise comparisons Mean difference Test statistics (t) Adjusted p-value Cohen’s d Bootstrapped mean Bootstrapped CI

Garments: -82.75 t(185) = -6.21 p < .001 d=.46 -82.74 -104.8, -44.35

AV vs NV

Garments: -74.76 t(185) = -5.27 p < .001 d=.39 -74.98 -102.3, -48.6

AV vs A

Garments: -130.00 t(185) = -8.83 p < .001 d=.64 -129.76 -157.4, -101.6

AV vs V

Garments: 7.99 t(185)= 0.52 p = 1 d=.05 7.93 -21.91,35.21

NV vsA

Garments: -47.24 t(185)= -3.12 p = .06 d=.23 -47.35 -81.05,-16.38

NV vsV

Garments: -55.24 t(185) = -3.41 p = .018 d=.25 -55.23 -89.03, -23.79

A vs V

Improperweapons: -28.65 t(185)= -1.84 p = 1 d=.13 -28.69 -59.58,-0.54

AV vsNV

Improper weapons -93.75 t(185) = -6.06 p < .001 d=.44 -93.95 -123.1, -64.5

AV vs A

Improper weapons: -140.68 t(185) = -8.87 p < .001 d=.66 -141.17 -176.7, -106.1

AV vs V

Improper weapons: -65.11 t(185) = -3.8 p = .004 d=.28 -65.07 -98.67, -32.62

NV vs A

Improper weapons: -112.03 t(185) = -6.46 p < .001 d=.47 -111.60 -146.1, -78.34

NV vs V

Improperweapons: -46.92 t(185)= -2.69 p = .21 d=.19 -46.86 -81.5,-11.07

A vsV

Proper weapons: -54.15 t(185) = -3.41 p = .02 d=.25 -54.39 -85.78, -22.56

AV vs NV

Proper weapons -126.67 t(185) = -6.54 p < .001 d=.48 -125.87 -164.1, -87.22

AV vs A

Proper weapons: -164.64 t(185) = -9.12 p < .001 d=.67 -164.74 -204.3, -124.9

AVvs V

Proper weapons: -72.52 t(185) = -3.64 p = .008 d=.27 -72.44 -114.2, -30.87

NV vs A

Proper weapons: -110.49 t(185) = -5.93 p < .001 d=.44 -110.26 -151.1, -69.9

NVvs V

Properweapons: -37.96 t(185)= -1.75 p = 1 d=.13 -37.98 -85.99,10.09

A vsV

https://doi.org/10.1371/journal.pone.0306736.t002
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3.3 Trait anxiety

A significantpositivecorrelationwasdetectedbetweenparticipants'scoresatSTAI-Y(Y2;20
items,Cronbach'sα = .95,95%CI (0.91,0.98);MStai-y= 47.17,sdStai-y= 5.09for thecurrent
sample)andmeanRTsfor correctresponsesin eachcategory,bothwith thetargetpresent
(properweapons,r(184)= .49,p< .001;improperweapons,r(184)= .44,p< .001;garments,r
(184)= .29,p< .001),andabsent(properweapons,r(184)= .35,p< .001;improperweapons,
r(184)= .37,p< .001;garments,r(184)= .36,p< .001).

In thepresenceof thetarget,thecorrelationwassignificantlystrongerwith properweapons
andimproperweaponsthanwith garments(z = 5.09,p< .001andz= 4.78,p< .001,respec-
tively),whereasno significantdifferencebetweencorrelationcoefficientsfor properand
improperweaponswasfound (z = 1.01,p = .17).Notably,whentakinginto accountonly the
initial trialsof eachblockin whichgarmentswerepresentedasthefirst category,no significant

Fig 3. RTs (y-axis) for each category following the label formats (x-axis) are shown. AV (greenbox)= audio+ visual;NV
(bluebox)= noise+ visual,A (redbox)= audio,V (purplebox)= visual.Thesignificanceof thepairwisecomparisonsbetween
labelformats(Bonferroni'spost-hoctests)is indicatedbyasterisks:** (p< .001),*(p< .05).Thebox'srange,includingwhiskers,
correspondsto themean+/-3*SD,thethick line running thewidth of theboxrepresentsthemedian,thepoint insidethe
boxrepresentsthemean.

https://doi.org/10.1371/journal.pone.0306736.g003

Table 3. Dprime for each condition of label format are reported below.

Label format dprime (sd)

Audio + visual(AV) 2.50(0.68)

Noise+ visual(NV) 2.34(0.70)

Audio (A) 2.13(0.72)

Visual(V) 2.10(0.68)

https://doi.org/10.1371/journal.pone.0306736.t003
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correlationwasfoundbetweenparticipants'scoresatSTAI-YandmeanRTsfor correct
responsesin target-presenttrialsfor thegarmentscategory(r(184)= .048,p = .67).

Sincethis resultisbasedon alimited numberof trialsÐno morethanfivefor 163partici-
pants,givingatotalof 510observationsÐasafurther checkweconductedtheanalysisalsoon
thetwo categoriesof weaponry.In bothcases,thecorrelationbetweenparticipants'scoresat
STAI-YandmeanRTsfor correctresponsesin target-presenttrialsremains(for properweap-
ons,r(157)= .24,p = .003;for improperweaponsr(149)= .22,p = .004).

In theabsenceof thetarget,thecorrelationcoefficientsacrosscategoriesdid not differ (all
ps> .006).

3.4 Summary of results

To recap,themain findingscanbesummarisedasfollows:

a.ThepreregisteredtestconfirmedthatcorrectRTswerefasterin theAV labelcondition than
in theNV labelcondition.

b.TheAV advantageoverNV wasdrivenby targetpresenttrials,whichwerefurther analysed.

c.In eachlabelformat,properweaponsweredetectedsignificantlymoreslowlythanimproper
weaponsandgarments,andimproperweaponsmoreslowlythangarments.

d. ProperweaponsandgarmentsweredetectedsignificantlyfasterafteranAV labelthanaNV
label.No differencewasfoundbetweenAV andNV labelsfor improperweapons.

e.Forproperandimproperweapons,RTsafterNV werefasterthanthoseafterbothA andV,
andRTsafteranA andV labelsdid not differ.Forgarments,RTsin theNV condition did
not differ from anyof thetwo unimodalconditions,andRTsafterA werefasterthanRTs
followingV.

Fig 4. Dprime (y-axis) following each of the four label formats (x-axis) are shown. AV = audio+ visual;NV = noise+ visual,
A = audio,V = visual.Thesignificanceof pairwisecomparisonsbetweenlabelformats(Bonferroni'sposthoctests)is indicatedby
asterisks:** (p< .001).

https://doi.org/10.1371/journal.pone.0306736.g004
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f. Dprime for garmentsandproperweaponswassignificantlyhigherafterAV comparedto
NV andboth theunimodalconditions,but not for improperweapons,for whichAV and
NV did not differ.

g.Dprime valueswerelowerfor improperweapons,higherfor garments,with properweapons
in themiddle,for A andV labelformats.In bothAV andNV, dprimevalueswerestill
higherfor garments,while improperandproperweaponsdid not differ from eachother.

h. A significantpositivecorrelationwasdetectedbetweenparticipants'trait anxietyscoresand
meanRTsfor correctresponsesfor eachcategory.With thetargetpresent,both the

Table 4. Results of Bonferroni’s post-hoc paired-comparisons between label format and category for dprime, are shown in the table below.

Pairwise comparisons Mean difference Test statistics (t) Adjusted p-value Cohen’s d Bootstrapped mean Bootstrapped CI

Dprime_Garments: 0.19 t(185) = 3.66 p = .006 d=.32 0.18 0.06, 0.30

AV vs NV

Dprime_Garments: 0.50 t(185) = 9.44 p < .001 d=.86 0.50 0.38, 0.62

AV vs A

Dprime_Garments: 0.40 t(185) =7.91 p < .001 d=.77 0.40 0.28, 0.52

AV vs V

Dprime_Garments: 0.31 t(185) = -5.56 p < .001 d=.52 0.31 0.18, 0.44

NV vs A

Dprime_Garments: -0.31 t(185) = 4.85 p < .001 d=.40 -0.31 -0.52, -0.11

NV vs V

Dprime_Garments: -0.09 t(185)= -2.11 p = .65 d=.17 -0.09 -0.19,0.00

A vsV

Dprime_Improperweapons: 0.09 t(185)= 1.4 p = 1 d=.13 0.09 -0.06,0.24

AV vsNV

Dprime_Improper weapons: 0.35 t(185) = 4.86 p < .001 d=.47 0.35 0.19, 0.53

AV vs A

Dprime_Improper weapons: 0.45 t(185) = 7.03 p < .001 d=.65 0.45 0.31, 0.60

AV vs V

Dprime_Improper weapons: 0.26 t(185) = 3.46 p = .01 d=.32 0.26 0.09, 0.44

NV vs A

Dprime_Improper weapons: 0.36 t(185) = 5.45 p < .001 d=.47 0.35 0.20, 0.49

NV vs V

Dprime_Improperweapons: 0.09 t(185)= 1.32 p = 1 d=.12 0.09 -0.08,0.26

A vsV

Dprime_Proper weapons: 0.20 t(185) = 3.44 p = .01 d=.32 0.20 0.06, 0.34

AV vs NV

Dprime_Proper weapons: 0.26 t(185) = 4.64 p < .001 d=.41 0.26 0.13, 0.39

AV vs A

Dprime_Proper weapons: 0.35 t(185) = 5.93 p < .001 d=.55 0.35 0.21, 0.48

AV vs V

Dprime_Properweapons: 0.06 t(185)= 1.05 p = 1 d=.09 0.06 -0.07,0.18

NV vsA

Dprime_Properweapons: 0.15 t(185)= 2.88 p = .07 d=.25 0.15 0.03,0.27

NV vsV

Dprime_Properweapons: 0.09 t(185)= 1.81 p = 1 d=.14 0.09 -0.02,0.21

A vsV

https://doi.org/10.1371/journal.pone.0306736.t004
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correlationcoefficientof properweaponsandthecorrelationcoefficientof improperweap-
onsweresignificantlyhigherthanthatof garments;no differencewasfoundbetweencorre-
lation coefficientsof properandimproperweaponsinstead.Whengarmentswere
presentedasthefirst category,therewasno correlationbetweentrait anxietyscoresand
meanRTsfor correctresponses.Nonetheless,thecorrelationpersistsin bothcaseswhen
improperandproperweaponryappearsasthefirst category.

4. Discussion

In apreregisteredstudy,wetestedthelabel-feedbackhypothesisagainstamatchedmultimodal
condition.Themainexperimentalandcontrol conditionsweretheaudio-visual(AV) andthe
whitenoise-visual(NV) labelformat,respectively,with theunimodalA andV labelformats
addedto evaluatepossibledifferencesbetweenmulti- andunimodalconditions.Thenameof a
targetsuperordinatecategory,ratherthanthenameof thetargetobject,wasusedthroughout
asacueandwaspresentedimmediatelybeforetheonsetof asearchgrid. Theuseof superordi-
natecategorylabelsmayallowto determinewhethertheyprovideenoughlinguisticexpecta-
tionsto beusefulin theformulationof perceptualhypotheseson theincomingvisualinput
andassesswhetherthesuperordinatelabel-feedbackeffectmaybemodulatedbycategory
type,with relevantimplicationsfor real-worldsearches.Followingtwo prior investigationson
thecategoricalstatusof improperweapons[48,49],wechoseproperweapons,improper
weaponsandgarmentsassuperordinatecategories,with theextrapurposeto gatherfurther

Fig 5. Dprime (y-axis) for each category following the label formats (x-axis) are shown. Thesignificanceof thepairwise
comparisonsbetweenlabelformats(Bonferroni's post-hoctests)is indicatedbyasterisks:** (p< .001),*(p< .05).Thebox'srange,
includingwhiskers, correspondsto themean+/-3*SD,thethick line running thewidth of theboxrepresentsthemedian,thepoint
insidetheboxrepresentsthemean.

https://doi.org/10.1371/journal.pone.0306736.g005
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information on theprocessingof improperweaponsasanad-hoccategory,by identifyingsim-
ilaritiesand/ordifferenceswith thestructuredcategoryof garmentson theonehandandthe
emotionally-loaded[48,55]categoryof weaponson theotherhand.

Resultsconfirmedthepreregisteredprediction:Therewasanadvantageof theAV label
with respectto theNV labelin RTs.Thisadvantagewaspresentandsignificantacrossall trials
asshownbyour preregisteredanalysis.An exploratoryanalysison dprimeconfirmedthepres-
enceof anAV advantageoverNV in ameasureof sensitivity.

Theauditorylabelin theAV condition maythusprovidesemanticinformation that isnot
fully redundantor engagesin adynamicinteractionwith thevisuallabel.This isconsistent
with theideathat theAV condition promptedanªup regulationºof thelabel,arequirement
for enhancingthelabel'sbeneficialeffects[15,16,17].It alsoimpliesthat,in addition to the
basiclevellabelscurrentlyin use,superordinatecategoriesarecapableof producingafeedback
effect.Accordingto thelabel-feedbackhypothesis[16], theactivationof aword label(e.g.
ªhatº) affectsthetemporaryrepresentationandperceptionof theconceptratherthanmerely
providingaccessto it. Thetop-downactivationof featuresinducedbyaword labelwould
resultin atransitoryªperceptualwarpingºin whichmembersof thesamebasic-levelcategory
areªdraggedºfurther awayfrom non-members(e.g.plane, pencil etc.but alsoothergarments,
suchassocks, trainers, etc.)(i.e.inducingatemporarilywarpedcategorization)[16]. Bygener-
atingsuchacategoryexpectationwithin whichtheincomingperceptualinput isprocessed,
theword labelmayexertaneffectdueto its assistingtheformulationof hypotheseson the
incomingvisualinput. Theconceptof labelselicitingcategoricalexpectationscanbeexpressed
in termsof ªcategoricalattentionº[24,88±90].

Furtherexploratoryanalysesshowedthat target-presenttrialswerethemainsourceof this
effect.Thissuggeststhat theAV labelmayhaveprimarily actedbyªprioritizingº potential
objectsfallingwithin thetargetcategoryratherthanfacilitatingdistractorrejection.

In target-presenttrials,multimodal labelsweretypicallyassociatedto fasterresponsesthan
unimodallabels,andwithin thelatter,visuallabelsproducedtheslowestresponse.Themulti-
modaladvantagefits wellwith earlierfindingsin theliteratureon multimodal facilitation
[91,92].Multimodal presentationinvolvesaninteractionbetweeninformation in onesensory
modalityandinformation conveyedviaanothermodality[93], with multisensoryintegration
creatingamorerobustandreliableperceptualrepresentationof theincomingstimulus.For
instance,regardlessof spatialcongruency,temporallycongruentauditoryinputscanmakea
visualstimulusmoresalient,enhancingtargetvisibility anddetection[94±96].

Thepattern(RTsAV < RTsNV)< (RTsA < RTsV) wasgenerallyrespected,althoughafew
differenceswererevealed:improperweaponsdifferedfrom theothertwo categoriesin that
thiscategoryshowedAV-NV equivalence,andgarmentsdifferedfrom theothertwo catego-
riesin thatNV did not differ from bothA andV (NV wasin betweenthetwo).Theselattersig-
nificantly differedfrom eachotheronly in garments,andmoreresearchwill berequiredto
providepreciseexplanationsof howunimodallabelsinteractwith thecharacteristicsof a
category.

At first glance,thispatternshowsat leasttwo aspects.First,themultimodal facilitation
effectisnot whollyaccountedfor bysemantics,astheNV condition improvesRTswith
respectto theunimodalconditionsin thetwo weaponscategories,actingasatrigger.This
finding fits wellwith recentproposalsthatconsiderattentionorientationasamulti-sensory
construction[97] ratherthanaprimarily visualprocess[98], aconsiderationsupportedby
neurophysiologicalinvestigations[99,100].Secondly,theinfluenceof whitenoisemaybecon-
ditionedby thelevelof familiarity. Thehigh familiarity of garmentscouldmakethetaskless
demandingin general(seethemoderatebrain arousalmodel,MBA) [76], preventingwhite
noisefrom havinganoticeabletriggeringeffect.This issuemeritsfurther investigationas
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familiarity maybeavariableaffectingboth theestablishmentof awhitenoiseeffectandthe
label-feedbackprocess.Indeed,in apreviousstudy[17] searchspeedwasenhancedfor more
familiar comparedto lessfamiliar items,but thereisno studythatdirectlyinvestigatethelink
betweenfamiliarity andwhitenoiseeffects.

Thefinding that themultimodalsuperordinatecategoricallabelcanfacilitatevisualsearch
for categorymembersmayleadto abetterspecificationof themechanism(s)involvedin such
aprocess.Lupyan[16] makestheclaimthat "names(verballabels)playanactiverole in per-
ceptionandcategorizationbyselectivelyactivatedperceptualfeaturesthatarediagnosticof the
categorybeinglabeledº(p. 4).However,unlikebasiccategories,superordinatecategoriesare
characterizedby lowervisualsimilarity amongthecategorymembers,althoughit hasbeen
shownthatvisualsimilarity playsarole in categorization[34].

Theinformation providedby thesuperordinatelabelmaythusactivateobjectsªin apartic-
ular stateº[88], justaslabelsatbasiclevelhavebeenreportedto do [16]. Accordingto the
ªinstantiationprincipleº [101,102]whenasuperordinatelevelconceptisactivated,informa-
tion on its exemplarsisactivatedaswell.Murphy & Smith[103]havefound that theactivation
of superordinatelevelconceptsalsotriggerstheactivationof severalexemplarsof thecategory
characterizedbyperceptualinformation,conveyingbothgeneralknowledge[104]andfunc-
tional information [105].

It maythusbethecasethatwhatisactivatedandtriggerscategoricalattentionandexpecta-
tionsareaffordances[26,35] ratherthanspecificvisualfeaturesof categorymembers.Such
primary affordances,e.g.beingableto begraspedand/orworn,havinganelongatedshape,not
berigid enoughsoasto bebent,or acertainratio of lengthto thickness,etc.,maydirectly
affecttypicalcategorymembersharingaffordancesto ahighdegree.Theymayalsooperate
indirectly viatheactivationof themotor programsassociatedwith usingtheseobjects
[106,107]byprocessingwordsthatdenotemanipulableobjects[108,109].Accordingto
ªvision-for-actionº [110]or ªmental simulation” [111] theories,simplyhearingaword related
to agraspableobjector seeingtheobjectitself,evenwithout anintent to useit, activatessenso-
rimotor areasof thebrain associatedwith theactualpotentialobjectmanipulation[112],thus
guidingvisualattention[113]andpossiblyfavoringvisualdetection.

Thisaccountwouldnicelyexplainthelackof alabelfeed-backeffectfor improperweapons,
shownbybothour RTsanddprimedata,asaresultof theambiguitybetweentheprimary,
tool-linkedaffordanceselicitedby thelabelandthesecondary,weapons-linkedaffordances,
whicharethosethatallowthecategorizationof theseobjectsasakind of weapon.Thedifferent
patterningof AV vsNV betweenimproperweaponsandbothproperweaponsandgarments
supportstheideathat thesearedistinctcategories[48,49],andit cannotbeattributedto
genericdifferencesin absoluteRTs.Indeed,absoluteRTsto improperweaponswereposi-
tionedin-betweenthoseto garments(thefastest)andthoseto properweapons(theslowest).

Thefactthat thelabel-feedbackeffectinducedbyasuperordinatelabelmaybeaffectedand
modulatedby theinherentcharacteristicsof thecategorymeritsfurther investigationto ascer-
tain whetherthecharacteristicsof thecategoryalsoinfluencethelabel-feedbackeffectwhena
basicor asubordinatelabelisused.

Anothernotablefinding concernstherelationbetweentrait anxietyandsearchperformance.
Giventhat thesearchtargetsof our experimentincludeweapons,simplyprocessingtheseitems
mayarouseanxiety,increasingengagementwith suchstimuli or inhibiting disengament[54,
58,114].Indeed,two resultsseemto confirm that feelingsassociatedwith threats[50±52],
althoughco-varyingwith familiarity,did affectRTsin thetaskof visualsearch.First,regardless
of whetherthetargetwaspresentor not, participantswith highertrait anxietyscores(STAI-Y2)
tendedto besloweroverall.Second,asignificantpositivecorrelationwasdetectedbetweenpar-
ticipants'trait anxietyscores(STAI-Y2)andmeanRTsfor correctresponsesfor eachcategory,
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thoughthecorrelationfor garmentsdisappearedwhenthesewerepresentedasthefirst category
of thetask(while it persistedfor bothproperandimproperweapons).Thismeansthat
responsesfor garmentswereslowerwhentheywerenot presentedasthefirst categoryandit
mayimply thathavingpreviouslyencounteredinstancesof weaponsin thestudycouldhave
sloweddownalsotheresponsesto garments[115,116],asasortof contextualeffect.

A likely explanationis thatof aninteractionbetweenattentionalbiasandthegenerally
slowerprocessingefficiencyfound to beassociatedwith high trait anxiety[51]. Theattentional
control theory(ACT) [51] proposesthat trait anxietydisruptsfunctionalefficiencyof executive
control of attentionrelatingto working memorysystemsuchasshifting.Thegreaterslowness
of anxiouspeoplewith weaponscouldstemfrom thefactthehigh levelof anxietyinvolvesa
greateranalysisof theitemsbeforeresponding[117].Thiscouldexplainbecauseanxiouspeo-
plearesloweralsoin target-absenttrials[118,119].

In conclusion,theAV categoriallabelweadopteddiffersfrom theformat typicallyusedin
studieson thelabel-feedbackhypothesis(involving therepetitionaloudof avisuallabelat
basiccategorylevel)[17,23].Besides,thesuperordinatelabel,whichwasneveremployedin
previousexperimentson thelabel-feedbackeffectin visualsearchtasks,hasdemonstratedits
capacityto aidvisualsearch.Althoughthisstudyofferspromisingevidence,moreresearchis
requiredto determinethepreciseimportanceof theintrinsic qualitiesof categories(i.e.famil-
iarity) in thelabelfeedbackeffect.

Asafinal note,thediscoverythatdifferentformatsof alabelpresentedin conjunctionwith
anobjectmodulatetheperceptionof theobjectandthatsuchmodulationis relatedto thetype
of categorymaybeexploitedfor applicationto real-wordsituations.OnesuchsituationisX-
raybaggagescreening,thepracticeof visuallycheckingX-ray imagesof baggagefor threats
andforbiddengoods,acrucialcomponentof airport security,that isopento effectsof search
strategies[120].Theuseof anAV categoriallabelmight beappropriatein thiscontext(i.e.by
providingessentialinformation aboutthetargetcategory,without prompting fixation on a
specificobject),but moreresearchisneededto determinewhetherthelabelfeedbackeffect
extendsandcanbeusefullyappliedto morecomplexreal-worldsituations,wheremultiple tar-
getcategoriesarebeingsearchedfor atonce.

Supporting information

S1 Table. The value of imagery concordance, familiarity and subjective visual complexity

of the various items.

(PDF)

S2 Table. Results of paired-comparisons between Label format and category for RTs and

dprime.

(PDF)

S1 File. The values of the indices of visual complexity for each trial.

(XLSX)

S2 File. The analyses on criterion.

(PDF)

Author Contributions

Conceptualization: PaoloFrugarello,ElenaRusconi,RemoJob.

Formal analysis: PaoloFrugarello.

PLOS ONE Target category and label feedback effects

PLOS ONE | https://doi.org/10.1371/journal.pone.0306736 August 1, 2024 20 / 26

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306736.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306736.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306736.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306736.s004
https://doi.org/10.1371/journal.pone.0306736


Investigation: PaoloFrugarello.

Methodology: PaoloFrugarello,ElenaRusconi,RemoJob.

Supervision: ElenaRusconi,RemoJob.

Writing – original draft: PaoloFrugarello.

Writing – review & editing: ElenaRusconi,RemoJob.

References

1. Goldstone RL, Barsalou LW. Reuniting perception and conception. Cognition. 1998 Jan; 65(2–3):231–

62. https://doi.org/10.1016/s0010-0277(97)00047-4 PMID: 9557384.

2. Mani N, Plunkett K. In the infant’s mind’s ear: evidence for implicit naming in 18-month-olds. Psychol

Sci. 2010 Jul; 21(7):908–13. Epub 2010 Jun 2. https://doi.org/10.1177/0956797610373371 PMID:

20519485.

3. Bedny M, Caramazza A. Perception, action, and word meanings in the human brain: the case from

action verbs. Ann N Y Acad Sci. 2011 Apr; 1224:81–95. https://doi.org/10.1111/j.1749-6632.2011.

06013.x PMID: 21486297.

4. Barsalou LW. Simulation, situated conceptualization, and prediction. Philos Trans R Soc Lond B Biol

Sci. 2009 May 12; 364(1521):1281–9. https://doi.org/10.1098/rstb.2008.0319 PMID: 19528009.

5. Lupyan G, Abdel Rahman R, Boroditsky L, Clark A. Effects of Language on Visual Perception. Trends

Cogn Sci. 2020 Nov; 24(11):930–944. Epub 2020 Oct 1. https://doi.org/10.1016/j.tics.2020.08.005

PMID: 33012687.

6. Maier M, Abdel Rahman R. No matter how: Top-down effects of verbal and semantic category knowl-

edge on early visual perception. Cogn Affect Behav Neurosci. 2019 Aug; 19(4):859–876. https://doi.

org/10.3758/s13415-018-00679-8 PMID: 30607831.

7. Kay P, Kempton W. What Is the Sapir-Whorf Hypothesis. Am Anthropol. 1984; 86(1):65–79

8. Pylyshyn ZW. What has language to do with perception? Some speculations on the Lingua Mentis. In:

Waltz DL, editor. Theoretical Issues in Natural Language Processing-2. 1978. pp. 172–179.

9. Firestone C, Scholl BJ. Cognition does not affect perception: Evaluating the evidence for "top-down"

effects. Behav Brain Sci. 2016 Jan; 39:e229. Epub 2015 Jul 20. https://doi.org/10.1017/

S0140525X15000965 PMID: 26189677.

10. Raftopoulos A, Lupyan G. Editorial: Pre-cueing Effects on Perception and Cognitive Penetrability.

Front Psychol. 2018 Feb 27; 9:230. https://doi.org/10.3389/fpsyg.2018.00230 PMID: 29541047.

11. Chatterjee A. Disembodying cognition. Lang Cogn. 2010 May; 2(1):79–116. https://doi.org/10.1515/

LANGCOG.2010.004 PMID: 20802833.

12. Magnuson J.S. Fixations in the visual world paradigm: where, when, why?. J Cult Cogn Sci 3, 113–

139 (2019).

13. Noorman S, Neville DA, Simanova I. Words affect visual perception by activating object shape repre-

sentations. Sci Rep. 2018 Sep 20; 8(1):14156. https://doi.org/10.1038/s41598-018-32483-2 PMID:

30237542.

14. Edmiston P, Lupyan G. What makes words special? Words as unmotivated cues. Cognition. 2015

Oct; 143:93–100. Epub 2015 Jun 24. https://doi.org/10.1016/j.cognition.2015.06.008 PMID:

26117488.

15. Lupyan G, Thompson-Schill SL. The evocative power of words: activation of concepts by verbal and

nonverbal means. J Exp Psychol Gen. 2012 Feb; 141(1):170–86. Epub 2011 Sep 19. https://doi.org/

10.1037/a0024904 PMID: 21928923.

16. Lupyan G. Linguistically modulated perception and cognition: the label-feedback hypothesis. Front

Psychol. 2012 Mar 8; 3:54. https://doi.org/10.3389/fpsyg.2012.00054 PMID: 22408629.

17. Lupyan G, Swingley D. Self-directed speech affects visual search performance. Q J Exp Psychol

(Hove). 2012; 65(6):1068–85. Epub 2012 Apr 10. https://doi.org/10.1080/17470218.2011.647039

PMID: 22489646.

18. Lupyan G, Ward EJ. Language can boost otherwise unseen objects into visual awareness. Proc Natl

Acad Sci U S A. 2013 Aug 27; 110(35):14196–201. Epub 2013 Aug 12. https://doi.org/10.1073/pnas.

1303312110 PMID: 23940323.

19. Lupyan G, Spivey MJ. Making the invisible visible: verbal but not visual cues enhance visual detection.

PLoS One. 2010 Jul 7; 5(7):e11452. https://doi.org/10.1371/journal.pone.0011452 PMID: 20628646

PLOS ONE Target category and label feedback effects

PLOS ONE | https://doi.org/10.1371/journal.pone.0306736 August 1, 2024 21 / 26

https://doi.org/10.1016/s0010-0277%2897%2900047-4
http://www.ncbi.nlm.nih.gov/pubmed/9557384
https://doi.org/10.1177/0956797610373371
http://www.ncbi.nlm.nih.gov/pubmed/20519485
https://doi.org/10.1111/j.1749-6632.2011.06013.x
https://doi.org/10.1111/j.1749-6632.2011.06013.x
http://www.ncbi.nlm.nih.gov/pubmed/21486297
https://doi.org/10.1098/rstb.2008.0319
http://www.ncbi.nlm.nih.gov/pubmed/19528009
https://doi.org/10.1016/j.tics.2020.08.005
http://www.ncbi.nlm.nih.gov/pubmed/33012687
https://doi.org/10.3758/s13415-018-00679-8
https://doi.org/10.3758/s13415-018-00679-8
http://www.ncbi.nlm.nih.gov/pubmed/30607831
https://doi.org/10.1017/S0140525X15000965
https://doi.org/10.1017/S0140525X15000965
http://www.ncbi.nlm.nih.gov/pubmed/26189677
https://doi.org/10.3389/fpsyg.2018.00230
http://www.ncbi.nlm.nih.gov/pubmed/29541047
https://doi.org/10.1515/LANGCOG.2010.004
https://doi.org/10.1515/LANGCOG.2010.004
http://www.ncbi.nlm.nih.gov/pubmed/20802833
https://doi.org/10.1038/s41598-018-32483-2
http://www.ncbi.nlm.nih.gov/pubmed/30237542
https://doi.org/10.1016/j.cognition.2015.06.008
http://www.ncbi.nlm.nih.gov/pubmed/26117488
https://doi.org/10.1037/a0024904
https://doi.org/10.1037/a0024904
http://www.ncbi.nlm.nih.gov/pubmed/21928923
https://doi.org/10.3389/fpsyg.2012.00054
http://www.ncbi.nlm.nih.gov/pubmed/22408629
https://doi.org/10.1080/17470218.2011.647039
http://www.ncbi.nlm.nih.gov/pubmed/22489646
https://doi.org/10.1073/pnas.1303312110
https://doi.org/10.1073/pnas.1303312110
http://www.ncbi.nlm.nih.gov/pubmed/23940323
https://doi.org/10.1371/journal.pone.0011452
http://www.ncbi.nlm.nih.gov/pubmed/20628646
https://doi.org/10.1371/journal.pone.0306736


20. Lupyan G, Spivey MJ. Redundant spoken labels facilitate perception of multiple items. Atten Percept

Psychophys. 2010 Nov; 72(8):2236–53. https://doi.org/10.3758/bf03196698 PMID: 21097866.

21. Boutonnet B, Lupyan G. Words Jump-Start Vision: A Label Advantage in Object Recognition. J. Neu-

rosci. 2015; 35:9329–9335. https://doi.org/10.1523/JNEUROSCI.5111-14.2015 PMID: 26109657

22. Cho KW. I can see what you are saying: Auditory labels reduce visual search times. Acta Psy-

chol.2016; 170:19–31. https://doi.org/10.1016/j.actpsy.2016.06.003 PMID: 27341509

23. Hebert KP, Goldinger SD, Walenchok SC. Eye movements and the label feedback effect: Speaking

modulates visual search via template integrity. Cognition. 2021 May; 210:104587. Epub 2021 Jan 25.

https://doi.org/10.1016/j.cognition.2021.104587 PMID: 33508577.

24. Lupyan G. The conceptual grouping effect: categories matter (and named categories matter more).

Cognition. 2008 Aug; 108(2):566–77. Epub 2008 Apr 29. https://doi.org/10.1016/j.cognition.2008.03.

009 PMID: 18448087.

25. Rossion B, Pourtois G. Revisiting Snodgrass and Vanderwart’s object pictorial set: the role of surface

detail in basic-level object recognition. Perception. 2004; 33(2):217–36. https://doi.org/10.1068/p5117

PMID: 15109163.

26. Rosch E, Mervis CB. Family Resemblances: Studies in the Internal Structure of Categories. Cogn Psy-

chol. 1975; 7:573–605.

27. Samaha J, Boutonnet B, Postle BR, Lupyan G. Effects of meaningfulness on perception: Alpha-band

oscillations carry perceptual expectations and influence early visual responses. Sci Rep. 2018 Apr 26;

8(1):6606. https://doi.org/10.1038/s41598-018-25093-5 PMID: 29700428.

28. Maxfield JT, Zelinsky GJ. Searching Through the Hierarchy: How Level of Target Categorization

Affects Visual Search. Vis cogn. 2012 Dec 1; 20(10):1153–1163. Epub 2012 Nov 12. https://doi.org/

10.1080/13506285.2012.735718 PMID: 23565048.

29. Lupyan G. Cognitive Penetrability of Perception in the Age of Prediction: Predictive Systems are Pene-

trable Systems. Rev. Philos. Psychol. 2015; 6:547–569. https://doi.org/10.1007/s13164-015-0253-4

30. Summerfield C, de Lange FP. Expectation in perceptual decision making: neural and computational

mechanisms. Nat Rev Neurosci. 2014 Nov; 15(11):745–56. Epub 2014 Oct 15. Erratum in: Nat Rev

Neurosci. 2014 Dec;15(12):816. https://doi.org/10.1038/nrn3838 PMID: 25315388.

31. Lupyan G, Clark A. Words and the World: Predictive Coding and the Language-Perception-Cognition

Interface. Curr Dir Psychol Sci. 2015; 24(4): 279–284.

32. Schwaninger A. Increasing Efficiency in Airport Security Screening. In AVSEC World 2004: Managing

Stress, Trauma and Change in the Airline Industry, WIT Transactions on The Built Environment. 2005;

82:405–416.

33. Buxbaum LJ, Saffran EM. Knowledge of object manipulation and object function: dissociations in

apraxic and nonapraxic subjects. Brain Lang. 2002 Aug; 82(2):179–99. https://doi.org/10.1016/s0093-

934x(02)00014-7 PMID: 12096875.

34. Job R, Rumiati R, Lotto L. The picture superiority effect in categorization: Visual or semantic? JEP:

LMC. 1992; 18(5):1019–1028. https://doi.org/10.1037//0278-7393.18.5.1019 PMID: 1402707

35. Gibson JJ. The ecological approach to visual perception. Houghton, Mifflin and Company; 1979.

36. Maezawa T, Kiyosawa M, Kawahara JI. Auditory enhancement of visual searches for event scenes.

Atten Percept Psychophys. 2022 Feb; 84(2):427–441. Epub 2022 Jan 10. https://doi.org/10.3758/

s13414-021-02433-8 PMID: 35013994.

37. Chen YC, Spence C. When hearing the bark helps to identify the dog: semantically-congruent sounds

modulate the identification of masked pictures. Cognition. 2010 Mar; 114(3):389–404. Epub 2009 Nov

11. https://doi.org/10.1016/j.cognition.2009.10.012 PMID: 19909945.

38. Mulatti C, Treccani B, Job R. The role of the sound of objects in object identification: evidence from pic-

ture naming. Front Psychol. 2014 Oct 8; 5:1139. https://doi.org/10.3389/fpsyg.2014.01139 PMID:

25339934.

39. Green DM, Swets JA. Signal Detection Theory and Psychophysics. Wiley, New York; 1966.

40. Verghese P. Visual search and attention: a signal detection theory approach. Neuron. 2001 Aug 30;

31(4):523–35. https://doi.org/10.1016/s0896-6273(01)00392-0 PMID: 11545712.

41. Handy TC, Kingstone A, Mangun GR. Spatial distribution of visual attention: perceptual sensitivity and

response latency. Percept Psychophys. 1996 May; 58(4):613–27. https://doi.org/10.3758/bf03213094

PMID: 8934691.
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