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perspectivef, 10]. However its precisenatureremainsunclearandno consensubasbeen
reachedsofar on thedegredo, andthe mechanismshrough,which perceptuaprocessemay
beinfluencedbylanguagdl1,12]. Thereportedeffectof languagen visualperceptioncan
bebroadlydistinguishedn online and offline effectd5]. Our studyis concernedvith the
online effectof languagen avisualsearchask.

In visualsearchand detectiontasksthe provisionof alinguistic expectatiorfor theincom-
ing perceptualnput isacommonmanipulationusedto demonstratehat languageaninflu-
encevisualperception5]. Objectnamegthatis, basidevellabelshavebeenwidelyusedto
inducesuchlinguistic expectatiorandtheir influenceon visualperceptionhasbeenaccounted
for by postulatingthattheycanpre-activatevisualfeatureghat distinguishato-be-detected
objectfrom anon-target[5, 13+15].Further,top-downaugmentatiorof perceptuatepresenta-
tions canbeup-regulatedy activatingthe labelto agreaterdegreg16]. In thisregardthe
label-feedbachypothesig§16, 17] proposeshat hearing[14,15,18+22]or readingaloud[17,
22,23]thevisuallypresentechameof atargetobjectmayfacilitateperformancen afollowing
detectiontrial morethansilentlyreadingavisuallypresentedabel[17,22].It is proposedhat a
labelcouldinfluenceearlyvisualprocessindpy priming linguisticand perceptuatepresenta-
tionsassociatewith aconceptasthe activatedexemeslynamicallyinteractwith featuredetec-
tors[23]. By establishinglinguistic expectatiorwithin whichtheincominginput is processed,
theword labelmaythusproducealabel-feedbackffect{23] or labeladvantageffect{15] due
to its aidin the formulation of perceptuahypothesesn theincomingvisualinput [24].

A purelyvisualpresentatiorof thelabelactivateobject-diagnosti¢eature§16,17],and
the addition of aconcomitantauditory presentatiormayboostvisualsearcH16], viaamecha-
nism of multimodalfacilitation[17,23]. Indeed ,whentwo independensensorynputs (e.g.
anauditoryandavisualinput) interactby providing consisteninformation, their effectiveness
maybehigherthanwhenthe sameanformation is providedin asinglesensorymodality[17].

Overall,theenhancementinked to the auditorily presentedabelhasbeenrelatedto higher
sensitivityat detectingavisualtarget[18, 19], shorterresponsegimes(RTs)at picture verifica-
tion [15], visualsearcH17,22,23] anddetectiontaskq18,20,21,23],andhigheraccuracyat
visualsearcH17,22,23]andrecognitiontaskg21], comparedo arangeof control conditions,
suchas:silentreading[17,22] and/or visualcue[19, 22],no valid [18, 23] or absentue
[18,20,23],nonverbalsound[14,15,21]. The effectof the additionaloral labelon perception
tendsto betransient lastingafewhundredsof millisecondsafterlabelonset{16], andwould
bemaximalwhenthetargetis highin imageryconcordancg17,22] (i.e.thedegreef agree-
mentbetweerthe depictedobjectandits mentalimage)[25, 26].

In mostof the studiesconductedthusfar on thelabel-feedbackypothesislabelshavebeen
systematicallpresentedtbasicevel,correspondingo the nameof the targetobject(e.g.gui-
tar), while labelsat superordinatdevel relatedto the categoryof thetarget(e.g.musical instru-
ments), haveneverbeenemployedLabelsat superordinatdevelwereintroducedin other
contextssuchasin ataskof visualrecognitionof indeterminatetwo-toneMooneyimages
[27]. Theydid yield a significantfacilitation,which wasnot, howeverasstrongasthat pro-
videdby the basic-levelabel(a nearly4-fold incrementvs.a16-foldincreasen accuracyn
recognizingMooneyimagegelativeto afree-namingbaseline]27]. In theliteratureon visual
searchthe superordinatdabelhasbeenusedonce to testfor the presencef abasic-levelabel
superiorityeffect[28]. Labelswverepresentednly visuallyprior to the onsetof asearchgrid
andsuperordinatdabelsverecomparedo pictorial previewssubordinatdabelsandbasic
levellabelsThedataindicatedthat, besidesan overalladvantagef pictorial cues)abelspeci-
ficity mayfacilitatevisualsearchn the guidanceo targetphase(i.e.from the onsetof the
searchdisplayto thefirst fixation of thetarget), whereas basic-levelabelsuperiorityeffect
unfoldsattheverificationstagei.e.from thefirst fixation of the targetto responseselection)
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[28]. This might providegenerakupportfor predictiveprocessingccountf visualpercep-
tion, positingthat prior knowledgg(providedby labelsat differenthierarchicalevels)may
feedbacko modulatelowerlevelsof perceptuaprocessing29+31].However performance
afterasuperordinatdevellabelrankedlast,indicatingthat the potentialfor applicationof find-
ingson labelfacilitation to performancecritical real-worldsearchtasksmaynot beasstraight-
forwardasonemaywish[23]. In aviationsecurityscreenindg32], superordinatecategoriesre
more usefulasaguideto routine searchethanbasicor subordinatecategorieg¢for examplea
screenemaybetypicallyinstructedto look for weapons ratherthanfor ahandgun or aBeretta
92), whereas narrowfocuson the lattermaybedetrimental. Therefore alsofrom atransla-
tional point of viewit isimportant to establistwhetherandfor whattypeof categoriesi puta-
tive superordinatdabelfeedbacleffectmayfacilitateperformancen visualsearchtasks.

In the currentstudy,weinvestigatedhe effectof superordinatdabelsand of their presenta-
tion modalityon performancen avisualsearchtaskwhereparticipantsarerequiredto assess
whethera collectionof objectscontainsan objectbelongingto the superordinatecategoryin
thefastesandmostaccuratevay.

Thenameof acategory(i.e.alabelatthe superordinatdevelin the categoricahierarchy,
e.g.garment) wasusedasa cueinsteadof the morecommonlyusedtargetname(abasidevel
label,e.gshirt), in orderto haveaninsightinto thetypeof featuresactivatecby the label.From
atheoreticaktandpoint the labelfeedbackypothesiassumethat the effectof labelson
visualsearchstemfrom the preactivationof featuresassociatetb the concepthelabelrefers
to. However not allmembersof asuperordinatecategorysharethe samevisualfeaturesor
theymayshareveryfewof them.In this casethe activatedvisualfeaturesnaybeverygeneral,
e.g.allowingto distinguishbirds from furniture, or theymaybethosecharacterizingnost,and
themosttypical,membersf the categonfsee g.9.33,34]. The useof superordinatecategory
labelsmaythusallowusto ascertainvhethertheyprovidesufficientlinguistic expectationso
beinstrumentalin the formulation of perceptuahypothesesn theincomingvisualinput,
basedn generalasopposedo specific)visualknowledgg21] andaffordance$26, 35].

Crucially,we presentedhelabelauditorily andvisually(audio+visualabel AV, the target
condition),and comparedahis condition to anothermultimodal audiovisuatondition,i.e.a
visuallypresentedargetcategorynamepluswhite noise(white noise+visualabel, NV, the
multi-modal control condition). This permittedusto avoidoperationalizinghe label-feed-
backeffectasadifferencebetweera multimodal andaunimodal condition,amethodological
issuewhichboth Cho[22] andHebertetal.[23] havealreadynoticedin the previousliterature
[17], while offeringevidencewith anovelcontrol condition for the label-feedbackccount A
white noisecontrol condition hasbeenpreviouslyusedin the contextof multimodalinterac-
tion studiesasan auditory stimulusunrelatedto the picturesof aneventscenen the search
display[36] or in arecognitiontask[37, 38],to becontrastectitherto asoundcongruentwith
thetarget[36, 37], for examplehe soundof glasshatteringfor 2break®,or to no sound(the
targetconditions)[38], or asoundcongruentwith adistractor[36, 37]. With respecto the
white noisecontrol condition, the meanresponseime wasshorterfor thetarget-relatedsound
condition (indicating auditoryenhancementf the searchiandlongerfor the distractor-
relatedsoundcondition [36, 37]. Additionally, the namingof picturesthat showan objectwith
atypicalsoundwasdelayedy white noise[38]. Sincewhite noisedoesnot provideanyrele-
vantlinguisticinformation, in additionto beingavalid baselinethe condition with white
noisemayhelprule out thatthe auditory stimulusin the multimodal labelcondition actsasan
attention-capturedeviceratherthanafeatureactivationtrigger,aspositedby the labelfeed-
backhypothesis.

Our primary hypothesisvaspreregistere@dnd concernedspecificallyjthe contrastbetween
the AV experimentatondition andthe NV control condition. We predictedan overalleffect
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onreactiontimes(RTs)(accuracyshowsa ceilingeffectalmostin everystudymentioned
above[17x23]for correctresponsewhich canbeformulatedasfollows:

Mean correct RTs (AV superordinate label) < Mean correct RTs (NV superordinate label).

All the othervariablesvereintroducedand measuredar manipulatedfor exploratory
purposes.

In orderto capturepotentialchangesn sensitivity,in additionto RTsandaccuracyywe
measuregerformancealsoin termsof dprime (ameasuralerivedfrom SignalDetection,
Theory)[39,40], consideredanindexof earlyperceptuaprocessing41,42]. Our participants
wererequiredto respondwhetherthetargetis presentor absentasin Lupyan& Ward [18]
andLupyan& Spivey[19], wherethe oral label-feedbackffectis shownto increasesensitivity
in detectingavisualtargetcomparedo absen{18] or visualcue[19]. To asseswhethermulti-
modalpresentatiorconfersan advantag¢43+47]whenasuperordinatdabelis used the label
wasalsopresentedn aunimodalformat, eitherauditorily (audiolabel A; unisensoryauditory
control condition) or visually(visuallabel,V; unisensoryisualcontrol condition).

To asseswhetherthe superordinatdabel-feedbackffectmaybemodulatedby category
typeandhaverelevanimplicationsfor real-worldsearcheghreedifferenttargetcategories
wereincluded.Two of them (properweaponsandgarmentsyeferto well-definedstandard
categorieswhereashethird (improperweaponsyefersto asetof itemswhoseprimary func-
tion is differentthanthatimplied by their label.We recentlydocumentedhe psychological
reality of improperweapong48,49],whichincludeeverydayoolsthat canbeusedasweap-
onsor carriedwith the purposeto injure. The definition of improperweaponss derivedfrom
the classificatiorof weaponsappliedwithin theltalian PenalSysten(in accordancevith inter-
nationalstandardse.g. for the United Kingdom, seethe OffensiveWeaponsAct and Criminal
JusticeAct; for the United Statesseethe FederaSwitchbladeAct and United StatesCode,
Title 18)andincludesfor examplesharpandblunt objectge.g.knives hammersart. 4 of
Italianlawn.110April 18,1975) Wefound thatimproperweaponsaredistinguishedalbeit
with blurry lines)from both properweapongi.e.createdwith the purposeof causingharm)
andeverydaybjectghat do not havetheintrinsic characteristiof causingharm (e.g.books,
spoonshy aserief attributes(dangerousnesfequencyof incidentsin which theseobjects
areinvolved,feelingof control, andfamiliarity), suggestinghatit would beworth to consider
improperweaponsasapsychologicallffautonomoustategoryf48, 49]. Previougesearcton
language-cuedisualsearctconsiderecdheitherthis specificcategorynor ad hoc categoriest
large.Garmentshut not weaponshavebeenextensivelysedin otherstudieswith basic-level
categonjabelq14,15,17,18,20+23]Giventhedifferencesn intrinsic propertieq48,49]
betweerproperandimproperweaponsand betweenveaponsandgarmentsye consideredt
particularlyinformativeto evaluateeachof thethreecategorieseparatelyfor anadditional
characterizatiorof thereportedeffects.

Finally,previousresearclsuggestthat anxietymayimpair attentionalcontrol, while
increasingattentionto specifictypesof stimuli, suchasthoseassociatewvith threats[50+52].
Angry facialexpression§s 3, 54], dangerougnimals[55, 56], weapong55] or objectsthatcan
beusedthis way[55], canmorereadilybedetectedhan matchednon-threateningstimuli.
Thisphenomenoris referredto in theliteratureasthethreatsuperiorityeffect(TSE)[57]. A
perceiver-baseuhfluencethatis thoughtto playanimportantrolein threat-basedisual
searchtaskssthelevelof trait anxiety.For exampleapositivecorrelationhasbeenreported
betweerthelevelof trait anxietyand RTsfor angryfacetargetg54,58],andin patientswith
schizophrenidor non-socialthreats suchassnake$59].
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Therefore peforethe startof the experimentakessionparticipantswereindividually
assesseor trait anxiety,in orderto probeits potentialrelationwith performancedepending
on thetargetcategoryandinteractwith the label-feedbackffect(seeMethods,2.1.1Individual
assessment).

To summarizethe studyprovidesoriginal dataon four relatedaspectshe label-feedback
effectoperationalizecisan advantagéor audiovisuabverwhite-noise+visudblbelsn visual
searchthe effectivenessf superordinatdevelcategorjabelsn igniting the label-feedback
effectwhetheralabel-feedbackffectis found with anad-hoccategoryreferringto asecond-
aryfunction of items(that is,improperweapons)the susceptibilityof searchperformanceand
of the label-feedbackffectto trait anxiety.

Thestudywaspreregisteredbeforethe startof anydatacollectionandthe preregistration
file canbeviewedon the OpenSciencd-ramework{60] atthe following link:

https://osf.io/c8y5vAAew_only=1dd9cc2356444294ad4bf80ae0a05.

2. Methods

TheMethodsfollow closelyour preregisteregblan [60], with oneexceptionln orderto pre-
ventparticipantsfrom dependingsolelyon auditoryinformation to performthetask,dueto
fasterearlyprocessingimesof spokencomparedo visualwords[61], the audiolabelor white
noisehavebeenprovided200millisecondsafterthe onsetof the visuallabel(se€2.3Proce-
dure).Asaresult,bothin the multimodal andin the unimodalconditions,thevisuallabel
lastedl 700ms,while the auditorylabel(or white noise)lasted1500ms.

2.1 Participants

Asperour preregistratiorplan,we obtainedfull datafrom 200maleandfemaleltalian speak-
ing, adult (over18yearsof age)participantsableto expressheir informed consentThetarget
numberwasreachedafterrecruiting 283volunteerqof them,83eitherfinishedthe studytoo
quickly or too slowly,basedn pre-establishedriteria; see?.4.1Dataexclusionand missing
data).

Theyall reportednormal cognitivefunctionsandno centraland/or peripheralvisualor
hearingproblems The Prolific platform wasusedto recruit participants Prior to the experi-
ment,all participantsprovidedonline written informed consentand,aftercompletingit, they
werepaid € 4.06each.

The samplesizewasdeterminedon the basisof anapriori poweranalysisalibratedon the
main hypothesi®f the experiment(seeintroduction), with the useof the softwareprogram
G*Power3.1[62]. We setan objectiveof .90powerto detecta smalleffectsizeof d = .25atthe
standard 02alphaerror probabilitywith a paired-sampleStudent's-test. Thiswould require
asamplesizeof 181(one-tailed)but weplacedour targetat 200participantsto increasehe
probabilitythatthe desiredminimum numberof participantswasavailableafterpotential
exclusionatthedataanalysistaggi.e.aftercompletionof datacollection;see?.4.1Data
exclusiorandmissingdata).The studywasapprovedy the Universityof Trento Human
ResearclEthicsCommitteeon 4" Septembe020(Protocol2020+019)Thewholeprocedure
wasrealizedn accordancevith the Helsinki Declaration(\World MedicalAssociation2013).
Recruitmenttook placefrom 22/08/202%0 25/08/2021.

2.1.1 Individual assessment. Giventhe presencén this studyof categorie®f objectsthat
couldbedefinedasthreats,ndividual differencesn aself-reportedrait (trait anxiety)were
measurediathe STAI-Y State Trait Anxiety Inventory (Y2) [63] beforethe beginningof the
experimentakession.
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2.2 Stimuli

2.2.1 Labels. Threelabelsvereemployedpnefor eachtargetcategoryproperweapon®
(in Italian: 2armapropria®), iimproper weapon(in Italian:2armaimpropria®), 2@garment®(in
Italian:2indumento®). Thelabelsfor the two weaponcategoriesverecastfrom the Italian
PenalSystemRegardinghe visuallabelformat, Helveticafont sizel8,blacktextwasdis-
playedon awhite backgroundor thevisuallabel. Theaudioformatfor eachof the threelabels
wererecordingsof amalevoicesayingaloudthe nameof the categorygeneratedia Audacity
softwarewith anintensityof 70dB SPL.

2.2.2 Target. Foreachof thethreecategoried,e.properweaponsimproperweapons,
garmentstentargetobjectsverechosenwhich wereaselectiorof theitemsincludedin Fru-
garelloetal.[48]. Measure®f imageryconcordancgl9, 22], familiarity andvisualcomplexity
for thesetargetqseeS1Tablefor details)wereavailabldrom Frugarelloetal.[49], wherean
independenbut comparablesampleof participantsansweredhe following questiong25]:
"How muchdoestheimageyou seematchyour ideaof the object?"2How familiar is this
object,accordingto how usualor unusualthe objectisin your experience?and®How com-
plexis this objectin termsof the amountof detailor intricacy of lines?Yespectivelyith a
5-point scaleangingfrom 1 (Not atall/Very simple)to 5 (Extremely/Verycomplex)[25].
Threeone-wayANOVAs (familywisesignificancecriterion: peyw < .02,loweredto p < .007
perindividual ANOVA afterBonferronicorrection)showedhatthethreecategoriesio not
differ in termsof imageryconcordancép = 0.44)andvisualcomplexity(p = 0.09). Thethree
categorieslifferedin familiarity (p < .001),in the expectedlirection[49]: proper
weapons< improperweapons< garmentgall ps < .001).

Thefollowingitemswereincludedin our study:

- Garments: undershirt,jeans sneakershirt, sock hat,jacket,cap,skirt, heelshoe.

- Improper weapons: basebalbat,cutter,screwdriverhammer scissorsgookingthermometer,
tube,razor,blowpipe,pliers.

- Proper weapons: puncher,dynamite,gun, bullets, bomb,rifle, flaregun,daggerpaton,
detonator.

In thevisualsearchlisplay thetargetandthedistractorswereplacedon aninvisible5x5
searchgrid, whichwascenteredn the displayand comprised25 equidistantvirtual positions
[17,22].Bothtargetsanddistractorswerestandardizedo occupyl0%width x 15%heightof
thescreerdisplayedn a17-inchDell monitor ataresolutionof 1280x 1024.

OsWebthe online runtime for OpenSesamexperimentsaJavaScripibrary thatinter-
pretsand performsOpenSesamexperimentsadaptedhe sizeof the searchgrid and stimuli
to the sizeof the computerscreerof the participants(further information availablehere:
https://osdoc.cogsci.nl/manual/osiy/osweb/#about-osweb).

Thetargetappearedn half of thetrialsandwasabsenin the other half, whereit was
replacedy adistractor.Whenpresentthetargetwasdisplayedalongwith 11distractors;
whenabsent1 2distractorsweredisplayedTargetsverepositionedpseudo-randomlyo
ensureevenfrequencie®f appearancacrosghefour quadrantsof the searchgrid. Eachtarget
appearedour times,oncein eachLabelformat block.Eachblock consistedf 60trials (30
with targetpresent30with targetabsent)andeachtrial containedasingletarget.Assuch the
total numberof trialswas240:10targetsx 3 categoriex 4 labelformats(AV, NV, A, V) x 2
targetstatugpresent/absent).

2.2.3 Distractors. Thedistractorswereselectedrom avarietyof databasegroviding
color photographf real-worldobjectson awhite backgroundLiving organismganimals
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andplants),food,anditemswith largephysicaldimensiondi.e.itemsthat couldnot fit into a
suitcasesuchasvehiclesfurniture, buildingsetc.)werenot consideredEachdistractor
appearedour timesduring the experimentjust aseachtarget.As aresult,330distractors
wererequiredfor the 120trialsin whichthetargetwaspresentand 360distractorswere
requiredfor the 120trialsin which the targetwasabsentAt the startof the experiment,
another23distractorswereusedfor practicetrials (see2.3Procedure)The713distractors
requiredfor the study(690for the experimentakessiorand 23for the practicesessionyvere
sourcedrom thefollowing databases:

368(out of 1468)from Brodeur,Gu&ard & Bourag64].
103(out of 551)from Ni etal.[65].

55 (out of 360)from Moreno-Mart#ez& Montoro [66].
39(out of 106)from Martéez, Matute & Goikoetxed67].
117(out of 450)from Saryazdetal.[68] (2018).

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

2.2.4 Search displays. Foreachsearctdisplay(trial-level)wecalculateceleverstandard
visualcomplexityindices:contrast correlation,energyhomogeneitycompressiomatio [70],
colourfulnesshumberof colors,entropy,edgedensity[71], featurecongestior{ 72] and sub-
bandentropy[72]. The"graycopropsfunction of MATLAB (R2017b)vasusedto calculate
thefirst four indices which measurehe attributesof the GreyLevelCo-occurrencéviatrix
(GLCM) [73]. Thefifth throughtenthindicesweregeneratedn R (4.0.3)usingthe packages
"imager"(0.42.3),'imagefluency(0.2.3),"EBImage’(4.32.0)and"jpeg"(0.1+£8.1) Thelatter
two werecalculateduisingMATLAB (R2017b)72].

With afamilywisesignificancecriterion of peyw < .02(loweredto .0018perindividual test
afterBonferronicorrection),eleverone-wayANOVAs showedhat searchdisplaysdid not
differ on eachof thesecomplexitymeasurescrosghe threecategoriegall ps > .05).Theval-
uesof theindicesfor eachtrial arereportedin S1File.

2.3 Procedure

The experimenthadamaximumduration of 30 minutesandwascarriedout in anonline
mode,combiningOSWebh(OpenSesam#é/eb,3.3.8)[74] with JATOJ75]. At the beginning
of the experimentthe participantscompletedhe STAI-Y (Y-2). Thenanintroductory phase
followed,in which abrief definition of the categorie$o besearchedvasdisplayede.g.2Any
objectwhosemain purposeisto offendtheindividual is consideredaproperweaponit was
madespecificallyasaninstrumentfor offenceandfor no otherreason®) alongwith examples
of objectsthat belongto eachcategoryFor eachcategoryten objectssimilar but not visually
identicalto thetargetthatis, theyweredifferentinstance®f eachtarget)weredisplayedpne
by one.Moreover the participantwasinformed thatthe labelformatswerein auditoryand/or
visualmode,andexample®f audiostimuli similar but not identicalto thoseusedin the exper-
imentalsessior{in thisintroductory phaseanonword andawhite noisewith differentfre-
gquencyandbandwidthbut with the sameduration asthe experimentaktimuli) weregiven.
Bothwhite noisesthe oneusedin theintroductory phaseandthe oneusedin the experimental
task(monotrack,44.10Hz samplingfrequencywith 32-bitfloat, bandwidth43Hz-20,005
kHz) [76], weregeneratediia Audacitysoftware Theinitial intensityof the audiofileswasset
to 70dB SPL[76], howevelparticipantsweregiventhe option to changet during the practice
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phasef the sound/whitenoiseweretoo loud or too weak At the end of theintroductory
phasethe participantreceivednstructionson howto successfullgompletethe taskandwas
assigned responseule (associatiorof responsedyes®and?no® to responsé&eysZ andM on
aQWERTYkeyboardcounterbalancetietweerparticipants).

Themaintaskbrequiring participantsto decidewhetheratargetobjectwaspresentn the
displayedarrayof objectsbwadlividedin four main blocks,eachcharacterizedby adifferent
labelformat.

At the beginningof eachblock,experimentatrials wereprecededy a practicesessiomwith
twelvetrials, whosetargetaveretakenfrom the example®f objectsbelongingto eachof the
categorieshownin theintroductory phasethus,targetsn practicetrials werevisuallydiffer-
entfrom thosein experimentatrials.In eachtrial (practiceand experimental)yisuallabels
werepresentedor 1.7secondsfollowedby asearchdisplayaftera 500milliseconddfixation
point.

Audio labelsandwhite noisewerepresentedor 1.5secondgwith onset200msafterthe
visuallabelin the AV andNV conditions),allowingthe participantto proces$oth labelswith-
out disregardingoneof thetwo [77+79].Eachsearchdisplaycontainedtwelveobjectsand
remainedon the screerfor amaximumtime of 3 secondswhich wasalsothe deadlinefor
responsgrig 1).

In practicetrials,afeedbaclon accuracyvasprovidedimmediatelyafteraresponsewith
targetswhenpresenthighlightedwith ared circle on theimageafterthe feedbacklin each
experimentatrial (with or without response)pnly feedbaclon cumulativeaccuracyor the
currentblockwasshown After the feedbackafixation point appearedsignalingthe startof
thenexttrial. Theinter trial interval(i.e.|Tl) variedrandomlybetweer250and 1000ms.

Fixation point Label presentation Fixation point Search grid
500 ms 1700 ms for the visual label 500 ms 3000 ms

1500 ms for the auditory label and white noise

LU
/ gé:mant /
garment

audio + visual (AV)
The participant sees and after 200 ms also hears the superordinate label

M

garment

noise + visual (NV)

|

The participant sees and after 200 ms also hears a white noise

o
/ gd:ment/

audio (A)
The participant hears the superordinate label

garment

visual (V)
The participant sees the superordinate label

Fig 1. Trial structure for the experimental task. Labelsarealwaygpresentedn advane of the searchdisplaytargetsarepresenin
half of thetrials.

https://doi.0g/10.1371Hurnal.pon®306736.g001
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Theorder of appearancef the blockswascounterbalancedcrosgarticipants Within
eachblock,trials appearedandomly,with the constraintshatno morethantwo targetsfrom
the samecategorycouldappeatin arow and no morethanthreeidenticalresponsewsere
requestedn arow.

2.4 Data analysis

2.4.1 Data exclusion and missing data. Asestablisheatthe preregistrationstagg60],
on reaching200participants aquality control of the datawasperformed.Participantsvho
completedhe experimentn atime-framethatwas3 standarddeviationgSD)belowor above
theaveragef all availableparticipantswereexcludedandreplaceduntil thetargetsamplesize
wasreachedagainand anothercheckwasperformed.Oncethetargetsamplesizewasreached,
datacollectionwasclosed.

Participantswith 50%accuracyor lesswerethenexcludedrom theanalysisaswere
participantswith morethan5%missingdata[80], or who hadlessthan 5%missingdata
but all relatingto trials of the samedabelformator relatingto the samecategory(thisis
referredto the numberof emptycellsout of atotal of 60for eachlabelformat,10targetsx 3
categoriex 2 targetstatuspr 80cellsfor eachcategoryl0targetsx 4 labelformatsx 2 tar-
getstatus).

CorrectRTsfasterthan 200ms,andtrials with lateresponsehencenot loggedwithin the
permittedtime frame(3 seconds)or missingresponsewereexcludedrom theanalysi§81]
andconsideredasmissingdata[60].

Thefinal numberof participantswhosedatawereanalyzedvas186.

2.4.2 Statistical analyses. Thevariablesonsideredarethefollowing:RTsin AV andNV
labelformat (confirmatoryanalyses)RTsin eachlabelformatfor eachcategoryexploratory
analyses)lprime for eachlabelformatfor eachcategory(exploratoryanalysesRTsfor each
categoryand STAI-Y2scoregexploratoryanalyses).

ConfirmatoryanalysesvereperformedusingR (4.0.3)on correctRTsto experimentatrials
aftertrimming outliersby the modified recursiveprocedureof Van Sels®& Jolicoeul{82] with
athresholdof 3.5SD,in accordancevith the preregisteregbrotocol(i.e.t-testbetweerRTsy
andRTsy).

Thedatasetvasthen submittedto aserieof exploratoryanalysesisingthe 2Ez° (4+4.0),
apsychreport{3.0.1) 2effectsize{0.4.5) 2Cocor° (1.1+4)[83] R'spackages.

In exploratoryanalysesye computedrobustestimatdntervalsand performedhypothesis
testingusingthe bootstrapapproach(2000repeatsfor all crucialcontrastsjn casesomeof the
datadid not meetall of the assumption®f parametricanalysef34]. ThewBootpackagevas
usedfor robustpairedt-testsandfor post-hoccomparisongollowing exploratoryANOVAs
[85]. Outputsfrom standardstatisticatestshavebeenreportedtogethemwith Cls of therobust
test.p valuedrom robusttestshavebeendetailedwheretheydiffer in significanceérom stan-
dardtesting.Parametridestswereusedfor investigationof the associatiorbetweertrait-anxi-
etyandperformance.

In orderto asseswhethercorrectRTsdifferedacrosghefactorsLabelformatand Cate-
gory,a4 x 3repeatedneasure®ANOVA wasconductedwith Labelformat (AV, NV, A, V)
and Category(properweaponsimproperweaponsgarmentsiaswithin-participantfactors.
Only target-presentrials wereincluded.

In orderto asseswhetherdprime differedacrosghefactorsLabelformatand Categorya
4 x 3repeatedneasure®ANOVA wasconductedwith Labelformat (AV, NV, A, V) andCate-
gory (properweaponsimproperweaponsgarmentsiaswithin-participantfactors.
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A family-wisesignificancecriterion of pryw < .02wasused(loweredto p < .01perindivid-
ual ANOVA afterBonferronicorrection).In caseof significantinteractions pairwisecompari-
sonswereconductedwith Bonferroni'spost-hoctest.

FortheSTAI-Y (Y2), Cronbach'salphawascalculatedAn exploratoryanalysisvasper-
formedto asseswhethertrait anxietywaslinked to the participant'sperformance.

A Pearson'sorrelationwasusedto assestherelationbetweerRTson correcttrials
betweereachcategoryand STAI-Y2scoresThefamily-wisealphathresholdwaspgw < .02
(loweredto p < .006perindividual testafterBonferronicorrection).Comparisondetween
the correlationindiceswerethen performedwith the Hittner's test[86]. A family-wisesignifi-
cancecriterion of pryw < .02wasused(loweredto p < .006pereachcomparisorafterBonfer-
roni correction).

3. Results

After reachingthetotal of 200participants(106malesagerange= 18+73yearsaverage

age= 27.5years)setin our preregistratiorplan, eightparticipantswerediscardedecause
their accuracywasequalor lowerthan 50%,andanother6 participantsbecaus¢heir missing
datawere> 5%.Thefinal sampleavailabldgor analysess thusof 186participants(101males;
agerange= 18+64yearsaveragage= 27.6years)After removingoutlier trials (0.73%of total
trials) usingthe van Selstand Jolicoeur'smethod[82] andincorrectresponseé83%of total tri-
als),the preregistered@nalysisvasconductedsee3.1Pre-registerednalysis)followedby a
serief exploratoryanalyse¢see3.2ExploratoryanalysesYOn averagequr final sampleof
participantsrespondedhccuratelyto 87.5%(sd= 0.4)of the trials, with arespons¢ime of 1405
ms(sd=530).In line with theliterature[87], RTswereslowerin targetabsentrials (M = 1712
ms,sd=480)thanin targetpresentrials (M = 1099ms,sd= 400),andaccuracyvaslowerin
targetpresentM = 83.7%sd= 0.55)thanin targetabsentrials (M = 91.4%sd=0.61).A
smallpositivecorrelationbetweerRTsandaccuracywasthusfoundin overallperformance
(pass)= .06;p < .001). Whenconsideringtargetabsentandtargetpresentrials separatelya
speed-accuradyadeoffwasfound for targetabsentrials (p(155)= .16;p = .001) but not for
targetpresentrials (p1s5)= .02;p = .61).After testingfor and confirming the presencef a
label-feedbackffectacrossll trials (asper preregistered@nalysis)pur following analysesn
RTsweremainly focusedn targetpresentrials, thatis the condition driving the significant
label-feedbackffectacrossll trials (seebelow).

3.1 Pre-registered analysis

A significantdifferencewasfound in correctRTsbetweerthe AV labelcondition andthe NV
labelconditiont(185)=-3.72,p = 0.008 BootstrappedM = -39.2198%CI [(-13.40)].0On aver-
age RTswere39msfasterin the AV 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 separatdollow-up t-testswereperformedto asseswhetherthe advantage
of the AV labelcondition overthe NV labelcondition heldfor bothtargetabsen&andtarget
presentrials.In targetabsentrials, no significantdifferencewasfound betweerthe AV label
condition (M = 1389.3ns,sd= 141.3)andthe NV labelcondition (M = 1411.7ms,sd= 167.5)
[t(185)=-1.05p = 0.14 BootstrappedM =-22.1298%CI (21.12)].In targetpresentrials,
RTssignificantlydifferedbetweerthe AV labelcondition andthe NV labelcondition [t(185)
=-6.55,p < .001d = .24,BootstrappedM = -55.0498%CI (-40.77)].0n averageRTswere
55msfasterin the AV label(M = 1026.11ns,sd= 221.78}thanin the NV labelcondition
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(M =1081.30ns,sd= 237.77¥or targetpresentrials. The presencef alabel-feedbackffect
wasalsoexaminedor accuracypercentagef correctresponsesglthoughthis wasnot the
variableof primary interest,by comparingAV andNV overall,in trials with thetargetpresent,
andin trialswith thetargetabsentThe samepatternwasfound asin RTs,with asignificant
advantagéor the AV overthe NV condition acrosdrials[t(185)=4.28p < .001;May =
90.6%sdsy = 0.56;M v = 88.5%sdyy = 0.65]andin trialswith thetargetpresen{t(185)=
5.27p < .001May = 88.4%50ay = 0.69;Mny = 85.1%sdyy = 0.71]but not in trialswith the
targetabsen{t(185)=1.47p = .07;May = 92.8%s0ay = 0.77;Mny = 91.8%s0d\\ = 0.95].
Thereforepnly trialswith thetargetpresentwereincludedin the subsequengxploratory
ANOVA for RTs.

The4 (Labelformat) x 3 (CategoryyepeatedneasurefANOVA revealednain effectof
Labelformat[F(3,555)= 82.78 MSE=51307.65 < .001,np2 =.31]andCategornyfF(2,370)
=597.88p < .001MSE= 52524.79%,° = .76].RTsafterthe AV labelwere55ms,98msand
145msshorterthanafterthe NV label[t(1115)=-7.71,p < .001,d = .24,BootstrappedM =
-55.2398%CI (-71.88-38.29)] the A label[t(1115)=-12.33p < .001d = .38,Bootstrapped:
M =-98.3998%CI (-115.8,81.33)],andtheV label[t(1115)=-17.24p < .001,d = .57,Boot-
strappedM =-145.1798%CI (-164,-126.5)] respectivelymeanRTsarereportedin Tablel
for eachLabelformat; statisticakignificancehasbeenassesseda Bonferronipost-hoctests).
Moreover,RTswered3msand89msshorterfollowingthe NV labelthanthe A label[t(1115)
=-4.98p =.006d = .16,BootstrappedM =-42.9298%CI (-62.86,22.54)]andtheV label[t
(1115)=-10.21p < .001 d = .34,BootstrappedM = -89.96 98%CI (-110.6,69.65)] respec-
tively. Finally,RTswere47msshorterfollowing the A labelthantheV label[t(1115)=-4.87 p
< .001d=.16,BootstrappedM = -46.4098%CI (-68.05,25.16)](see~ig 2).

With respecto CategoryBonferroni'spost-hoctestsrevealedhat RTsfor properweapons
(M = 1225ms,sd= 217.55were89msand 284msslowerthanfor improperweapons
(M =1136.19ns,sd=189.10)t(1457.7)= 8.44p < .001,d = .35,BootstrappedV = 89.23,
98%Cl (70.72,106.7)JandgarmentqM = 940.68ns,sd= 170.79)t(1406.7)= 28.08p <
.001d = .9,BootstrappedM = 284.8198%ClI (264.4 305.6)] respectivelyRTswere195ms
slowerfor improperweaponsn respecto RTsfor garmentdt(1470.8)= 20.9p < .001d =
.83,BootstrappedM = 195.3598%CI (178,212.8)].

Themain effectsverequalifiedby a significanttwo-wayinteractionbetweerlLabelformat
andCategoryF(6,1110)= 3.6,p = .001 MSE= 44072.571,1p2 =.02].Bonferroni'spost-hoc
testsconfirmedthe patternfound for the Categorymain effectthatis slowerRTsfor proper
weaponsfasterfor garmentswith improperweaponsn the middle,for all labelformats
(meandifferencespairwisecomparisongeststatisticseffectsizesBootstrappedneansand
Cl for Bonferroni'spost-hoctestsfor the two-wayinteractionbetweerlLabelformatand Cate-
goryarereportedin S2Table).

Bonferroni'spost-hoctestsshowedhat both properweaponsandgarmentsveredetected
significantlyfasterafteran AV labelthanafteranyotherlabel(all ps < .02).

Improperweaponaveredetectedsignificantlyfasterafteran AV labelandaNV labelwith
respecto the A (p< .001landp = .004 respectivelyandV 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) 1026.1%221.78)
Noise+ visual(NV) 1081.3(237.77)

Audio (A) 1124.5%288.34)
Visual (V) 1171.22281.04)

https://abi.org/10.1371durnal.por.0306736.t0D0
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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.Thesignificarceof the pairwisecomparisos betweerabelformats(Bonferronis post-hoctests)is indicatedby
asterisks** (p < .001).Thebox'srange including whiskerscorrespondto the mean+/-3*SD, thethick line running thewidth of the
boxrepresentshe median thepoint insidethe boxrepresentshemean.
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differencespairwisecomparisorteststatisticseffectsizesBootstrappeaneansandCl are
reportedin Table2 (seealsoFig3).

3.2.2 Dprime. The4 (Labelformat) x 3 (CategoryyepeatedneasuresANOVA revealed
main effectof Labelformat[F(3,555)= 48.08 MSE=-0.04p < .001,np2 =.21]andCategory
[F(2,370)=185.56p < .001 MSE= O.Ol,np2 = .50].Bonferroni'spost-hoctestsrevealedhat
dprimewashigherafteran AV labelthanafteraNV label[t(557)=4.5,p < .001d = .23,Boot-
strappedM = 0.16,98%CI (0.08,0.24)],an A label[t(557)= 8.88,p < .001,d = .53,Boot-
strappedM = 0.37,98%CI (0.28,0.47)],andaV label[t(557) = 10.02p < .001d = .59,
BootstrappedM = 0.40,98%CI (0.30,0.49)].Similarly,dprime washigherafteraNV label
thanafteranA [t(557)=5.27 p < .001d = .23,BootstrappedM = 0.21,98%Cl (0.12,0.30)],
andaV label[t(557)=6.11p < .001,d = .35,BootstrappedM = 0.24,98%CI (0.15,0.33)]
(seeTable3). No significantdifferencesverefoundin dprime betweem andV labeldt(557)
=0.80p=1,d=.04,BootstrappedV = 0.03,98%CI (-0.06,0.12)](see~ig4).

Moreover,dprime valuesverelowerfor improperweaponsomparedo properweapons
[t(1425.8)= -3.53,p < .001,d = .16,BootstrappedM =-0.13,98%CI (-0.17,-0.08)]andgar-
ments[t(1392.1)=-16.22p < .001d = .74,BootstrappedM = -0.45,98%CI (-0.63,-0.53)].
Dprime valuedor properweaponsverelowerthanthosefor garmentqt(557)=-14.24p <
.001d =.71,BootstrappedM =-0.45,98%CI (-0.50,-0.40)].

Themain effectaverequalifiedby a significanttwo-wayinteractionbetweer_abelformat
andCategony[F(6,1110)= 3.39,p = .002MSE=-0.015p,%= .02].

Bonferroni'spost-hoctestsconfirmedthe patternfound for the Categorymain effect that
is lowerdprime valuedor improperweaponshigherfor garmentswith properweaponsn
themiddle,for A andV labelformats.In AV andNV labelformats,dprime valuesverestill
significantlyhigherfor garmentghanfor improperand properweaponsbut no significant
differencewasfound betweerimproper and properweaponsthoughdprime valuesvere
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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
AVvs A
Garments: -130.00 t(185) = -8.83 p <.001 d=.64 -129.76 -157.4,-101.6
AVvsV
Garments: 7.99 t(185)=0.52 p=1 d=.05 7.93 -21.9135.21
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
AvsV
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
AVvs A
Improper weapons: -140.68 t(185) = -8.87 p <.001 d=.66 -141.17 -176.7, -106.1
AVvsV
Improper weapons: -65.11 t(185) = -3.8 p =.004 d=.28 -65.07 -98.67, -32.62
NVyvs A
Improper weapons: -112.03 t(185) = -6.46 p <.001 d=47 -111.60 -146.1, -78.34
NVvsV
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
AVyvs 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
NVvs 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
AvsV

https://da.org/10.1371durnal.pon®306736.t002

lowerfor improperthanfor properweapongmeandifferencespairwisecomparisongeststa-
tistics, effectsizesBootstrappeaneansand Cl for Bonferroni'spost-hoctestsfor the two-way
interactionbetweerlabelformatand Categoryarereportedin S2Table).

Bonferroni'spost-hoctestsrevealedhat dprime wassignificantlyhigherafteran AV com-
paredto theNV (ps < .01),A, V (both ps < .001)labelsboth for garmentsandfor proper
weaponsyhereasiprime for improperweaponsvashigherafteran AV andNV (p = 1) com-
paredto anA (p < .001landp = .01 respectivelyandV label(both ps < .001).Meandiffer-
encespairwisecomparisongeststatistic effectsizesBootstrappeaneansand Cl arein
Table4 (seealsoFig 5) (for ananalogousnalysin criterion seeS2File).
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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 (red box) = audio,V (purplebox) = visual.Thesignificarceof the pairwisecomparisois between
labelformats(Bonferroni'spost-hoctests)is indicatedby asterisks** (p < .001),*(p < .05).Thebox'srange,ncluding whiskers
correspondto the mean+/-3*SD, thethick line running the width of the boxrepresentshe median the point insidethe
boxrepresentthemean.
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3.3 Trait anxiety

A significantpositivecorrelationwasdetectechetweerparticipants'scoresat STAI-Y (Y2; 20
items,Cronbach'sx = .95,95%Cl (0.91,0.98);Mstai-y= 47.17 SOstai.y= 5.09f0r the current
sampleandmeanRTsfor correctresponses eachcategoryboth with thetargetpresent
(properweaponst(184)=.49,p < .001jmproperweapons((184)=.44,p < .001,garmentsy
(184)=.29,p < .001),andabsen{properweaponst(184)=.35,p < .001;improperweapons,
r(184)=.37,p < .001,garmentsr(184)= .36,p < .001).

In the presencef thetarget,the correlationwassignificantlystrongerwith properweapons
andimproperweaponghanwith garmentgz=5.09p < .001landz=4.78p < .001respec-
tively), whereaso significantdifferencebetweercorrelationcoefficientsor properand
improperweaponsvasfound (z=1.01p = .17).Notably,whentakinginto accountonly the
initial trials of eachblockin which garmentswverepresentedisthefirst categoryno significant

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://abi.org/10.1371djurnal.por.0306736.t0B
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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 pairwisecomparisors betweerlabelformats(Bonferronis posthoctests)s indicatedby
asterisks** (p < .001).
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correlationwasfound betweerparticipants'scoresat STAI-Y andmeanRTsfor correct
responses target-presentrials for the garmentscategory(r(184)=.048p = .67).

Sincethis resultis basedn alimited numberof trialsbno morethanfive for 163partici-
pantsgiving atotal of 510observationsbas further checkwe conductedhe analysislsoon
thetwo categorie®f weaponryln both caseshe correlationbetweerparticipants'scoresat
STAI-Y andmeanRTsfor correctresponsem target-presentrials remains(for properweap-
ons,r(157)=.24,p = .003for improperweapons(149)=.22,p = .004).

In theabsencef thetarget,the correlationcoefficientsacrossategorieslid not differ (all
ps> .006).

3.4 Summary of results
To recapthemain findingscanbe summarisedasfollows:

a.Thepreregisteredestconfirmedthat correctRTswerefasterin the AV labelcondition than
in theNV labelcondition.

b. TheAV advantageverNV wasdriven by targetpresentrials, whichwerefurther analysed.

c.In eachlabelformat, properweaponsveredetectedsignificantlymore slowlythanimproper
weaponsandgarmentsandimproperweapongnore slowlythangarments.

d. Properweaponsand garmentsveredetectedsignificantlyfasterafteran AV labelthanaNV
label.No differencewasfound betweermV andNV labelsfor improperweapons.

e.ForproperandimproperweaponsRTsafterNV werefasterthanthoseafterboth A andV,
andRTsafteran A andV labelsdid not differ. For garmentsRTsin the NV condition did
not differ from anyof the two unimodalconditions,andRTsafter A werefasterthan RTs
following V.
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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
AVvs A
Dprime_Garments: 0.40 t(185) =7.91 p <.001 d=.77 0.40 0.28, 0.52
AVvsV
Dprime_Garments: 0.31 t(185) = -5.56 p <.001 d=.52 0.31 0.18, 0.44
NVvs A
Dprime_Garments: -0.31 t(185) = 4.85 p <.001 d=.40 -0.31 -0.52,-0.11
NVvsV
Dprime_Garments: -0.09 t(185)=-2.11 p=.65 d=.17 -0.09 -0.19,0.00
AvsV
Dprime_Impropenweapons: 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
AVvs A
Dprime_Improper weapons: 0.45 t(185) = 7.03 p <.001 d=.65 0.45 0.31, 0.60
AVvsV
Dprime_Improper weapons: 0.26 t(185) = 3.46 p=.01 d=.32 0.26 0.09, 0.44
NVyvs A
Dprime_Improper weapons: 0.36 t(185) =5.45 p <.001 d=.47 0.35 0.20, 0.49
NVvsV
Dprime_lmproperweapons: 0.09 t(185)=1.32 p=1 d=.12 0.09 -0.08,0.26
AvsV
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
AVyvs A
Dprime_Proper weapons: 0.35 t(185) =5.93 p <.001 d=.55 0.35 0.21, 0.48
AVvsV
Dprime_Poperweapons: 0.06 t(185)=1.05 p=1 d=.09 0.06 -0.07,0.18
NV vsA
Dprime_Roperweapons: 0.15 t(185)=2.88 p=.07 d=.25 0.15 0.03,0.27
NV vsV
Dprime_Roperweapons: 0.09 t(185)=1.81 p=1 d=.14 0.09 -0.02,0.21
AvsV

https://da.org/10.1371durnal.pon®306736.t004

f. Dprime for garmentsand properweaponsvassignificantlyhigherafterAV comparedo
NV andboththe unimodalconditions,but not for improperweaponsfor which AV and
NV did not differ.

g.Dprime valueswnerelowerfor improperweaponshigherfor garmentswith properweapons
in themiddle,for A andV labelformats.In both AV andNV, dprime valueswverestill
higherfor garmentswhileimproperandproperweaponglid not differ from eachother.

h. A significantpositivecorrelationwasdetecteetweerparticipants'trait anxietyscoresand
meanRTsfor correctresponsefor eachcategoryWith the targetpresentpoththe
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Fig 5. Dprime (y-axis) for each category following the label formats (x-axis) are shown. Thesignificanceof the pairwise
comparisors betweerabelformats(Bonferoni's post-hocests)s indicatedby asterisks** (p < .001),*(p < .05).Thebox'srange,
including whiskerscorrespondto the mean+/-3*SD,the thick line running the width of the box representshe median the point
insidethe boxrepresentshemean.
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correlationcoefficientof properweaponsandthe correlationcoefficientof improperweap-
onsweresignificantlyhigherthanthat of garmentsno differencewasfound betweercorre-
lation coefficientof properandimproperweaponsnstead Whengarmentsvere
presentedsthefirst categorytherewasno correlationbetweertrait anxietyscoresand
meanRTsfor correctresponseNonethelesghe correlationpersistdn both casesvhen
improperandproperweaponryappearsasthefirst category.

4. Discussion

In apreregisteredtudy,wetestedthelabel-feedbackypothesiagainsmatchedmultimodal
condition. Themain experimentabnd control conditionswerethe audio-visualAV) andthe
white noise-visua{NV) labelformat,respectivelywith theunimodal A andV labelformats
addedto evaluatgossibldifferencedetweermulti- and unimodal conditions.Thenameof a
targetsuperordinatecategoryratherthanthe nameof the targetobject,wasusedthroughout
asacueandwaspresentedmmediatelybeforethe onsetof asearchyrid. The useof superordi-
natecategoryjabelsmayallowto determinewhethertheyprovideenoughlinguistic expecta-
tionsto beusefulin theformulation of perceptuahypothesesn theincomingvisualinput
andasseswhetherthe superordinatdabel-feedbackffectmaybemodulatedby category
type,with relevantimplicationsfor real-worldsearchegollowingtwo prior investigationon
the categoricastatusof improperweapong48,49], wechoseproperweaponsimproper
weaponandgarmentsassuperordinatecategoriesyith the extrapurposeto gatherfurther
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information on the processingf improperweaponsasan ad-hoccategoryby identifying sim-
ilaritiesand/or differenceswith the structuredcategoryf garmentson the onehandandthe
emotionally-loaded48, 55] categoryof weaponn the otherhand.

Resultxonfirmedthe preregisteregrediction: Therewasanadvantag®ef the AV label
with respecto the NV labelin RTs.Thisadvantagavaspreseniandsignificantacrossll trials
asshownby our preregisterednalysisAn exploratoryanalysison dprime confirmedthe pres-
enceof an AV advantag®verNV in ameasuref sensitivity.

Theauditorylabelin the AV condition maythusprovidesemantidanformation thatis not
fully redundantor engages adynamicinteractionwith the visuallabel.Thisis consistent
with theideathatthe AV condition promptedan@up regulation®of the label,arequirement
for enhancinghelabel'sbeneficiakffectd15,16,17]. It alsoimpliesthat,in additionto the
basidevellabelscurrentlyin usesuperordinatecategoriegrecapableof producingafeedback
effect Accordingto the label-feedbackypothesig16], the activationof aword label(e.g.
ahat?) affectshetemporaryrepresentatiorand perceptionof the conceptratherthan merely
providing acces$o it. Thetop-downactivationof featuresnducedby aword labelwould
resultin atransitory?perceptuatvarping®in whichmembersf the samebasic-levetategory
are®dragged%urther awayfrom non-memberge.g.plane, pencil etc.but alsoothergarments,
suchassocks, trainers, etc.)(i.e.inducing atemporarilywarpedcategorization])16]. Bygener-
ating suchacategoryexpectatiorwithin whichtheincoming perceptualnput is processed,
theword labelmayexertan effectdueto its assistinghe formulation of hypothesesn the
incomingvisualinput. The conceptof labelseliciting categoricaéxpectationganbeexpressed
in termsof @categoricahttention®[24,88+90].

Furtherexploratoryanalyseshowedhat target-presentrials werethe main sourceof this
effect.Thissuggestthatthe AV labelmayhaveprimarily actedby 2prioritizing® potential
objectsfalling within the targetcategoryratherthanfacilitatingdistractorrejection.

In target-presentrials, multimodal labelsweretypicallyassociatetb fasterresponsethan
unimodallabelsandwithin the latter, visuallabelsproducedthe slowestesponseT he multi-
modaladvantagédits well with earlierfindingsin theliteratureon multimodalfacilitation
[91,92]. Multimodal presentatiorinvolvesan interactionbetweerinformation in onesensory
modality andinformation conveyedria anothermodality [93], with multisensoryintegration
creatingamorerobustandreliableperceptuatepresentatiorof theincoming stimulus.For
instanceregardlessf spatialcongruencytemporallycongruentauditoryinputs canmakea
visualstimulusmore salientenhancingargetvisibility and detection[94+96].

Thepattern(RTswy < RTsw) < (RTS, < RTs/) wasgenerallyrespectedalthoughafew
differencesvererevealedimproperweapondglifferedfrom the othertwo categoriedn that
this categoryshowedAV-NV equivalenceandgarmentdifferedfrom the othertwo catego-
riesin thatNV did not differ from both A andV (NV wasin betweerthetwo). Thesdattersig-
nificantly differedfrom eachotheronly in garmentsandmoreresearctwill berequiredto
providepreciseexplanation®f how unimodallabeldnteractwith the characteristicef a
category.

At first glancethis patternshowsat leastiwo aspectsrirst, the multimodal facilitation
effectis not wholly accountedor by semanticsasthe NV conditionimprovesRTswith
respecto the unimodal conditionsin the two weapongategoriesactingasatrigger. This
finding fits wellwith recentproposalghat considerattentionorientationasa multi-sensory
construction[97] ratherthanaprimarily visualproces$98], aconsideratiorsupportedoy
neurophysiologicaihvestigationg99, 100].Secondlythe influenceof white noisemaybecon-
ditioned by the levelof familiarity. The high familiarity of garmentscould makethe taskless
demandingn generalseethe moderatebrain arousaimodel,MBA) [76], preventingwhite
noisefrom havinganoticeabldriggeringeffect.Thisissuemeritsfurther investigationas
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familiarity maybeavariableaffectingboth the establishmenof awhite noiseeffectandthe
label-feedbackrocesslndeed,in apreviousstudy[17] searctspeedvasenhancedor more
familiar comparedo lessfamiliar items,but thereis no studythat directlyinvestigatehe link
betweerfamiliarity andwhite noiseeffects.

Thefinding thatthe multimodal superordinatecategoricalabelcanfacilitatevisualsearch
for categorymembersmayleadto abetterspecificatiorof the mechanism(sjvolvedin such
aprocessLupyan[16] makeghe claimthat"namegverballabels)playanactiverolein per-
ceptionandcategorizatiorby selectivelactivatedperceptuafeatureghat arediagnostioof the
categonpbeinglabeledqp. 4). However,unlike basiccategoriessuperordinateategoriegre
characterizedby lowervisualsimilarity amongthe categorynembersalthoughit hasbeen
shownthatvisualsimilarity playsarole in categorizatiorf34].

Theinformation providedby the superordinatdabelmaythusactivateobjectstin apartic-
ular state988], justaslabelsat basidevelhavebeenreportedto do [16]. Accordingto the
dinstantiationprinciple®[101,102]whenasuperordinatdevelconceptis activatedjnforma-
tion on its exemplarss activatedaswell. Murphy & Smith[103]havefound thatthe activation
of superordinatdevelconceptsalsotriggersthe activationof severabxemplarof the category
characterizedby perceptualnformation, conveyingooth generaknowledgg104] andfunc-
tionalinformation [105].

It maythusbethe casghatwhatis activatedandtriggerscategoricahttentionandexpecta-
tionsareaffordance$26, 35] ratherthan specificvisualfeaturesof categorynembersSuch
primary affordancesg.g.beingableto begraspedand/or worn, havingan elongatedshapenot
berigid enoughsoasto bebent,or acertainratio of lengthto thicknessetc.,maydirectly
affecttypicalcategorynembersharingaffordanceso ahigh degreeTheymayalsooperate
indirectly viathe activationof the motor programsassociatewith usingtheseobjects
[106,107]by processingvordsthat denotemanipulableobjectg108,109].Accordingto
yision-for-action® [110] or mental simulation” [111] theories simply hearingaword related
to agraspabl®bjector seeinghe objectitself,evenwithout anintent to useit, activatesenso-
rimotor area®f the brain associatewvith the actualpotentialobjectmanipulation[112],thus
guidingvisualattention[113]andpossiblyfavoringvisualdetection.

Thisaccountwould nicelyexplainthe lackof alabelfeed-bacleffectfor improperweapons,
shownby both our RTsanddprime data,asaresultof the ambiguitybetweerthe primary,
tool-linked affordancelicitedby the labelandthe secondaryweapons-linkedffordances,
whicharethosethat allowthe categorizatiorof theseobjectsasakind of weaponThedifferent
patterningof AV vsNV betweerimproperweaponandboth properweaponsandgarments
supportstheideathatthesearedistinct categorie$48,49],andit cannotbeattributedto
genericdifferencesn absoluteRTs.Indeed,absoluteRTsto improperweaponsvereposi-
tionedin-betweerthoseto garmentqthe fastestandthoseto properweapongthe slowest).

Thefactthatthelabel-feedbackffectinducedby asuperordinatdabelmaybeaffectecand
modulatedby theinherentcharacteristicef the categorymeritsfurther investigationto ascer-
tain whetherthe characteristicef the categoryalsoinfluencethe label-feedbackffectwhena
basicor asubordinatdabelis used.

Anothernotablefinding concerngherelationbetweertrait anxietyandsearctperformance.
Giventhatthe searchargetsof our experimentincludeweaponssimply processinghesdtems
mayarouseanxiety increasingengagemenuith suchstimuli or inhibiting disengamenis4,
58,114].Indeed two resultsseemnto confirm that feelingsassociatedith threats[50+£52],
althoughco-varyingwith familiarity, did affectRTsin thetaskof visualsearchFirst,regardless
of whetherthe targetwaspresenir not, participantswith highertrait anxietyscoregSTAI-Y2)
tendedto besloweroverall.Secondasignificantpositivecorrelationwasdetectedetweerpar-
ticipants'trait anxietyscore{STAI-Y2)andmeanRTsfor correctresponsefor eachcategory,
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thoughthe correlationfor garmentdisappeareavhenthesenerepresentedisthefirst category
of thetask(while it persistedor both properandimproperweapons)This meanghat
responsefor garmentsvereslowerwhentheywerenot presentedsthefirst categorandit
mayimply that havingpreviouslyencounterednstance®f weaponsn the studycouldhave
sloweddown alsotheresponset garmentd115,116],asasortof contextuakffect.

A likely explanationis that of aninteractionbetweerattentionalbiasandthe generally
slowerprocessingfficiencyfound to beassociatedith high trait anxiety[51]. Theattentional
control theory(ACT) [51] proposeshattrait anxietydisruptsfunctional efficiencyof executive
control of attentionrelatingto working memorysystensuchasshifting. Thegreaterslowness
of anxiouspeoplewith weapongould stemfrom thefactthe high levelof anxietyinvolvesa
greateranalysif theitemsbeforeresponding117]. This could explainbecausanxiouspeo-
plearesloweralsoin target-absentrials[118,119].

In conclusionthe AV categorialabelweadopteddiffersfrom theformattypicallyusedin
studieson thelabel-feedbachkypothesiginvolving the repetitionaloudof avisuallabelat
basiccategoryjevel)[17,23]. Besideghe superordinatdabel whichwasneveremployedn
previousexperimenton the label-feedbackffectin visualsearchiaskshasdemonstratedts
capacityto aid visualsearchAlthoughthis studyofferspromisingevidencemoreresearchs
requiredto determinethe precisémportanceof theintrinsic qualitiesof categoriegi.e.famil-
iarity) in the labelfeedbacleffect.

Asafinal note,the discoventhat differentformatsof alabelpresentedn conjunctionwith
anobjectmodulatethe perceptionof the objectandthat suchmodulationis relatedto the type
of categorymaybeexploitedfor applicationto real-wordsituations One suchsituationis X-
ray baggagscreeningthe practiceof visuallycheckingX-ray imageof baggagéor threats
andforbiddengoodsa crucialcomponentof airport security that is opento effectof search
strategie$120]. Theuseof an AV categorialabelmight beappropriatein this context(i.e.by
providing essentiainformation aboutthe targetcategorywithout promptingfixation on a
specificobject),but moreresearcthis neededo determinewhetherthe labelfeedbacleffect
extendsand canbeusefullyappliedto more complexreal-worldsituations wheremultiple tar-
getcategoriesrebeingsearchedor atonce.
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