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Abstract
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that capture psychologicalechanismé aform thatcanbe "programmedto predicttask
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performance ohumanmachinesystemdesignsWhile manyaspect®of humanperformance
havebeensuccessfullymodeledn this approach, accountirfgr multi-talker speechtask
performances a no\el problem.This paper presents a modet performancen atwo-talker
taskthatincorporatesonceptdrom psychoacousticé particular,maskingeffectsandstream

formation.

1. Introduction

A classicproblemin cognitive psychologys the "cocktail party effect”in which a persons
surrounded bgeveralpeople speaking simultaneously, andonetheless abte follow a single
speakewell'engughto maintaina conversation, althougitomeinformation aboutvhatthe other
speakergaresaying appears to laailableundersomeconditions.The early study ofthese
phenomena (e.g. Cherry, 1953; Moray, 1959) defined the cwoaneptof selectiveattention;
the humarlistenerwassaidto beableto selectivelyattendto one of the signaourcesand"fil ter
out" theothers.In thedecadesince,alargenumber of additionadtudiesandtheoreticalwork
hasclarifiedwhat properties of the acoustic apdrceptuasituationcontributeto theeffect.
Providing a comprehensiveviewis not possiblen thelimited spaceavailablefor this paper,
but relevant surveyareprovided byDarwin (1997),Yost (1997), Bronkhorst (2000), Haykin
andChen(2005), Schneidet,i, andDaneman(2007), and Moore and Gockel (2012), amore
recentindividual studiesarecited in whatfollows.

The mostcommonexperimentaparadigmis that thesubjectistensto speecHrom two or
moretalkerswho arespeaking simultaneously, respdodnformationprovided byonly one of
them,calledthetarget andignoretheinformationprovidedby the othetalkers,calledthe
masker(s) Theresearchasfocussedn characterizingvhataspectof the messagesontribute
to aninterferencebetweerthetargetand themaskerspothin termsof theperceptiorof soundn
general, and agpeechin particular.A generalpsychoacoustieffectis maskingin which a
soundmaybecomdessperceptiblaf another sount simultaneouslypresentin thecaseof
simplesounds osignals,maskingeffectsaregenerallyconsideredo be aresultof interactons
in thecochleaitself, for example the excitationpatternon thebasilarmembrane produced by the

targetsoundis disrupted by the masking sound, makiinigssdetectibleln the context of
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simultaneouspeechmessages distinctionis madebetweerenergeticmaskingwhich refersto
theinterferenceproducedat theacousticor sensorylevel, asin the masking ofimplesounds,
andinformational maskingwhichis interferenceproducecat the higheiperceptuahndcognitive
levelsandmakesgt difficult for thehumanlistenerto follow thetargetmessagén thepresence
of themaskemessageabove and beyond thedfectsof energetianasking.

Another key eonceps auditory streamgBregman, 1990)he notion that the acoustfeld
sensedyy theearsis decomposed by the auditaysteminto one ormoretemporallycoherent
sound sourcedor reviews,seeDarwin, 1997; Moore & Gockel, 2012WWhile, in generalthe
mappingbetweensourcesn theacoustidield andthoseperceivedoy the auditorysystemis not
oneto-oneyin atwo-talkertask,it is believedthateachtalkeris perceivedasadistinctstream,
and thdistenefs taskis to determinenhich sounds gavith which streamand choose the
appropriateesponsePerformanceén thetwo-talkertaskthusreflectsa combinatiorof the
energetianaskingeffectsand informational maskingffectson streamformationand
segregation (Schneiddr, & Daneman, 2007).

The mainstreanpsychoacoustioork on the cocktaiparty effecthasfocussedn "front end”
processe®f signaldetectionandestimation usingmathematicamodels, butheseaccounts do
not have avell-definedway to incorporate"backend" cognitivestrategyprocesseghat
represenhow alistenerwill choose a responsizatmeetsthetaskrequrementswhich canbe
surprisingly subtlevenin simpletasks(Meyer & Kieras,1997b, 1999)In contrasteventhough
mainstreantognitivearchitectureapproachearecommittedto an"endto-end" goal of
representingperceptionthrough cognitiorto action they havdocussedrimarily on cognitive
processesaandhavetendedo ignore thedifficult aspect®of perceptuaprocesseéseeKieras,in
pressfor anoverview).

Thepresenpaper combinelasicpsychoacoustimechanismsvith a cognitivearchitectue to
model humamerformancen atwo-talkerlisteningtask.EPIC (Executive/Proceskiteractive
Control)is.oneamongseverakrchitecturesvhose goais to provideanintegratedaccountof
humanabilitiesandlimitationsin perception, cognition, aration. Arelativelysimple
psychoacoustic modelasincorporatednto the EPIC cognitivearchitectureand aaskstrategy
wasexpresseasproductionrules,to providean “end+to-end” account of performande awell-
studiedtwo-talkerspeeclperceptiortask. Both the perceptiormodel and théaskstrategyare
requiredto accountor importanteffectsin thetaskperformance.
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Earlierforms of this modelappeain Kieras,Wakefield, Thompson]yer, & Simpson (2014)
andWakefield,Kieras, ThompsonJyer, & Simpson (2014)the modelpresentedherehas the
samestrategycomponent, buthe perceptuamodelsareconsiderably improvedakinginto
account howpitch differencesaffectboth contentletectionandstreamsegregationTheresultis
a modelwith.far fewer parameterghatmustbeestimatedrom thedata.A detailedcomparison
of the improvegerceptuamodelwith the previous onés not possiblen theavailablespace
here;thereadercancomparehis modelwith the onan Kieras,etal (2014).

Following‘asummaryof the experimentahskandits results,anoverview ofEPICwill be
presentedndkey extensions of the auditopyocessingnodulewill be introducedwithin the
frameworkimposed bytheseextensions, a modé&r thetwo-talkerlisteningtaskwill be

proposedandfit‘to thehumandata.

2. Theexperimentatask

Early studies(e.g. Cherry, 1953yloray, 1959)on two-talkerlisteninginvolved ashadowing
task,in which thesubjectwasrequiredio immediatelyrepeatout loudeachword of one of the
messagesand theaccuracyof the shadowing and tlreemory(or lack of it) of theothermessage
weretheprimaryperformanceneasuresThe messagethemselvesvereextended chunks of
naturalistictext. In amorecontrolledparadigm, SpietlCurtis,andWebster(1954)used
messagewith asimplefixed structurethataskeda questiorandthe subject hatb respondwith
theanswelto thespecifiedmessageisingcall signsin aradiocommunication protocol. More
recentwork hasusedtasksthatweresimilarly facevalid for practicalapplicationallowedmore
completeexperimentatontrol, anduisedmanualkatherthanverbalresponseslhe coordinate
responsemeasurg CRM) taskandspeectcorpusis a highlysimplified form of thecommand
and control communication fourma military settings, and havgeenwidely usedto provide
preciseexperimental contrdBolia, Nelson, Ericson, & Simpson, 2000).

The CRM corpusis acdlection of recordeccommandutterancesn theform of

Ready <Callsign> gdo <Color> <Digit> now
spoken by one of fodemalesor four males wherethe Callsign,Color,andDigit aredrawn
from setsof 8, 4, and 8tems,respectively.The corpuswasrecorded anéditedto maintaina

high degree of temporal overlapmongthe spokerCallsigns,Colors andigits (Bolia, et. al.,
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2000).

In thetwo-talker CRM listeningtask,participantsespondo commands by pointing the
appropriateColor/Digit pair on a computer display. garticularCallsignis designatecsthe
TargetCallsign,whichwasalwaysBaronin the studiesisedin this paper.On eachtrial, a
Targetmessagés drawnfrom thoseutterancedearingthe TargetCallsignandis presented
simultareouslywith a randomlyselectedMaskermessagewith therestrictionthatthe Callsign,
Color andDigit"of theMaskerdiffer from those of théarget.The participantthushearstwo
messagedt thesametime, andmustchoose the colodigit pair associateavith the Target
callsign,andis instructedo ignorethe MaskermessageTheresponsearescoredasmatching
the Targetmessagethe Maskermessageor Neither.

3. An experiment ands data

This paper provides a modfdr the datdrom Experiment 2n Thompson|yer, Simpson,
Wakefield,Kieras,& Brungart (2015)This experimentpasedon Brungart (2001), manipulated
the acoustisimilarity of thetwo talkers,varyingfrom Different Sex(DS), to SameSex(SS), to
SameTalker(ST), andalsomanipuldedtherelativeloudness of thewo messageshe Signalto-
Noiseratio(izerthe Targetto-Maskerratio) from -18to +9 dB, and provided performance
incentivesto helpstabilizethesubjectstrategiesFinally, in additionto the proportiorof Both
Correctresponsesgboth Color andigit areTarget),theyalsoreportedthe proportions of
responsethatmatchedrlarget,Masker,or Neitherseparatelyor Color andDigit.

3.1. TheThompsoretal. results

Becausef themultiple factorsandmeasure#volved, theeffectsaresomewhatomplex.The
six panels oFig. 1 show theesultsasthe observedoints(solid pointsandlines; thepredicted
pointswill“be explainedater). Eachpanelplotsthe proportion of responses thatatchedhe
Target,theMasker,andNeither,asa function of thesignatto-noise(SNR)ratioin dB. The
upper panels display the proportidos Colorresponseghelower panels display the

proportionsfor Digit responsedn addition, the panels show the proportiorBoth-Correct
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responses which both Color andigit arefrom the TargetmessageTheseblackcurvesarethe
samein the upper antbwer panels.Theleft-to-right paneldisplaytheresultsfor the similarity
of theTarget andMaskertalkers.Fromleft to right, thestimulusconditionsareDifferent Sex,

SameSexbutdifferenttalkers,andSameTalker.

InsertFigurel abouthere

The basiceffectsareasfollows: Overall,with increasingpositive SNR, the Both-Correctand
TargetColorandDigit responsearechosermoreoften, andviaskerandNeitherresponseare
choserlessoften. The overall performancevhenthemessagearedeliveredby Different-Sex
talkersis betterthanthatfor SameSextalkers,which is turnis betterthanthatwhenthetwo
messagearefrom the SameTalker.For the SameSexandSameTalker conditionsaccuracys
very pooratthelowest(mostnegative)lSNRs,but then improves, artiendeclinesagainin the
vicinity of 0 dBSNR, and then improves again.

A key empiricalfactis thattheincorrectresponsewerealmostalwaysfrom the Masker
messagewhich placesabasicconstraint on the cognitiyegrocesses any model,in thatit
impliesthatMaskermessageontentwasbeingperceved andrememberedand then chosessa
responseratherthanbeingsimply filtered out, aswould beexpectedrom asimpleselective

attentionmedel.

3.2. Accountingor the phenomena

To date,asatisfactorytheoreticalaccount otwo-talker CRM effedsis lackingin thespeech
perceptiorfield. Discussions haviecusedon therelativeimportanceof informational masking
over energetic masking, thelesof selectecand dividedattention,andthe formation and
maintenane@fauditorystreamsHowever,none oftheseconcepthavebeenoperationalizedo
the point of providing a quantitatiteeoreticalaccount okexperimentabutcomesWhatfollows
is anattemptto helpbridgethis gap.

Thefocus of ouwork wasto accounffor theseresultsin termsof abasicconcept ohuman
cognitivearchitectureanda quantitative modddasedonthatconcept. Theresultingmodel
incorporatesnechanismshatresemblebothenergeticand informational masking, but gdowith
considerablymoretheoreticalprecision;mog importantly,the strategythatthe subject follows$o

perform thetaskis directly representedandthis turns outto becritical in accountingor the
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specificeffectsin this data.

4. Thearchitectureand model

An EPICarchitecturenodelcomprisesa simulatedchuman whichnteractswith asimulated
taskenvironment; tharchitecturedescribeshefixed components of theimulatedchuman,
controlledby ataskspecificstrategyrepresentedsproductionrules.Dueto spacdimitations,
the usuablescripton ofthearchitecturas not providedhere;seeMeyerandKieras(1997a,
1999) orKieras(in press)or morediscussionThe focus ofthis presentatiois on the
mechanism®f the auditoryprocessothathavebeenaddedo thearchitectureand the

produdion-rule strategyfor thetask.

4.1. Modelsummary

The application of a cognitivarchitecture¢o multichannekpeeclprocessings novel, ando
needdo bepresentedvith somedetail, butfor brevity, lowlevel representationassuesarenot
presentd here Rather theemphasiss on the conceptual design of thechitectureandmodel
componentsgspeciallythe auditoryprocessortakinginto accounthatatthis time many
processefiaveto be"black boxed".Thefollowing is acompactdescriptionof thearchitecture
and model.eemponengndprocessingnvolvedin thetwo-talker CRM task,flowing from input
to responseln. someof whatfollows, the descriptiois somewhatmore complexbecauséhe

mechanisms general enougto applyto morethantwo talkers.

4.1.1.Speeclauditoryinput

Eachutterancas pre-parsednto six segmentgorrespondingo words(with goto being
treatedasa singleword). The segment$rom thedifferentsourcesareassumedo arrive atthe
auditoryprecessosimultaneously rad areeachperceivedasindividual auditoryevents Each
segmenpairis processedh order ofarrival.

Auditory perceptiorconstructsauditory objectdasedon propertiesof the physical input.

Therearetwo kinds of auditoryobject:word objectsrepresentndividual perceivedvordsthat
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have a temporal duratiogtreamobjectsrepresenperceivedsound sourcefor theseword

objects.

4.1.2.Word objects

Word objects have wariety of properties, bufor the purposes dhis model,theymay or may
not havecontenfwhichis the recognizedemantiatem (e.g.red); this allowsfor a wordto be
"heard"but'netrecognized. Word@dsohavestreamattributes whichin this modelareaverage
loudnesdevel(specifiedin dB) andaveragepitch (in semitoneswherethe numberof semitones
is definedas12-log(pitchin Hz)), bothaveragedver the duration of the word. Semitones
provide aogarithmicscalefor pitch, analogouto decibeldor loudness. For simplicity, we are
assuminghatperceiveditch and loudness correspotalthe physicameasuresf semitones
and deibels,respectively.)rhis modelassumeshat thestreamattributesarealwaysperceived.

Whether the content ofvaord objectis recognizedn thepresencef the othemword objectsis
assumedo be abasicenergetic masking phenomendihne probability of contentetection
depends otheSNR, thatis, the loudnessevel of theword relativeto the othemord objectsthat
aresimultaneouslhpresentand thepitch differencebetweerthe two word objects. With respect
to thelatter;studiesshowthatdiscriminationof simultaneous vowel sounds improweih pitch
differencesithoughincreasinghedifferencebeyond about 4emitonegproduces no further
improvemen{Assmann& Summerfield,1990).This effectwasincorporatedn the model by
computingan Effective SNRthatis the weightedsumof the loudnessdifferencein dB (the SNR)

and thepitchdifferencein semitonesappedat 4.

4.1.3.Streamobjectsandstreantracking

The streamobjectsalsohaveattributesof loudness and pitch, btiteserepresenthe oserall
properties.of th@erceivedsoundsourceIn this model, astreamobjectcarriesthemean
loudnessaandmeanpitch of the wordsassociatedvith thestreamFor example a typicalfemale
talkerwill berepresentedsstreamperceptwith a highemeanpitch propertythanthatfor a
typical maletalker.

The auditoryperceptuaprocessoassumeshatthereareasmanystreamobjectsasinput
sourceseachwith a unique buarbitrary StreamlDattribute,andattemptgo assigneach
incoming word objecto one of thestreamsusingthestreamrelatedattributesof loudness and
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pitchto doso.Oncetheassignmenis done, thestreamperceptareupdatedo reflectthe
loudnessandpitch propertiesof the wordsassignedo them,and thenextpair of word objects

will beassignedo the updatedtreamsThus theauditoryprocessotracksthestreams

4.1.4. Cognitivestrategyand response choice

Thefinal'output of perceptual processimgpresenteth the cognitiveprocessor'svorking
memory,is/asetof word objectsandasetof streamobjects. Eachword objectwill alwaysbe
associate@vitha streamobject,but it may or may not have recognized content.

Becausédhe loudnesandpitch of eachword in the utterancesarieswithin thesametalker, it
is possiblderindividual wordsfrom two differenttalkersto bemis-assignedo thestreamsso
thateachstreamis associateavith a mixture of wordsfrom thetwo talkers. Fig. 2 showsan
examplein which the Color word$avebeenassignedo the wrongstreamwhile theDigit
wordswereassignedo the correctstream.Thiswill leadto a responswith the MaskerColor

and theTargetDigit.

InsertFigure2 abouthere

The cognitiveprocesdor selectinga responsenakesuse oftherecognizedcontent othe word
objects togethewith the streamassociatedavith eachword object.Forexampleasin Fig. 2, if
theword object whose conterg the TargetCallsignBaronis associateavith Stream2andthere
aretwo word objectsassociateavith thesamestreamwhose conterttasbeenrecognizedasthe
Color RedandtheDigit 8, thenRed8 will beusedto specifytheresponséo bemade.

Somecontentymight be unrecognized, umanycaseshe modelstrategycaninfer the
missinginformation.For examplejf only one othe Callsigncontentsvasrecognizedandit
wasaMaskerCallsign, the modetaninfer thatthe unrecognizeallsignword objectwasthe
TargetCallsign, andts assignedtreammustbe theTargetstreamsothe Color andigit words
associateavith.thatsamestreammustbe theTargetColor andDigit. Thus thestrategic

component.of the modéliesto makeuse ofpartialinformationto performthetask.

4.1.5.Theoreticasummary

In termsof conventionahttentiontheory,thisis a 'verylate selection"model —all of the
informationproduced byerceptioris availableto cognitionfor choosing theesponseThe
problem of tryingto handletwo simultaneousnessages notrepresentedsafailure to select
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the correctstreamprior to cognition, butatherthat maskingeffectsanderrorsin stream
assignmenwill resultin acollectionof information about thperceivednessagethatmaybe
incomplete or incorrect (e.gsin Fig. 2), andthetaskstrategymustmakeuse ofthis

informationto choose a responieatmeetsthetaskrequirements.

4.2. Modeldetailsandparameters

4.2.1. Corpustatisticsdrive themodel

We computed thaveragdoudnessandpitch overeachsegmenin eachutterancan the CRM
corpus, and supplietthis informationfor eachword (segmentthatwas"heard"by EPICs
auditoryprocessorAn interestingresultis thatwhile femaletalkershadmeanpitches abouin
octave higher.thamaletalkers,individualtalkershadsomewhatifferentbaselinepitches,
which allowsthestreamtrackingto often distinguishtalkerswithin genders over theourseof an
utteranceBecausehis modelwasdriven by the corpugropertiestherearerelativelyfew free
parameterghataffectits fit to data.

For eachtrial, the simulatedexperimentsamplegwo utterancesnd then supplieSPIC's
auditorysystemwith the content, loudness, apich of eachsegmentThe pitchwasconverted

to semitones:

4.2.2. Contentletectionparameters
The contentdetectionparameteraresummarizedn Table 1.TheEffectiveSNRis the sunof
the loudnesSNR and thepitch differencein semitonesveightedby aparametew. Thepitch
differencewascappedat 4 semitonesa constanwvaluebasedon Assmann& Summerfield
(1990) anchoetestimatedo fit theda@.)
InsertTablel1 abouthere

The contentdetectionprocesss modeled alonghelinessuggestedby Wichman& Hill (2001).
With a lew probability(the lapseratea), subjectswill fail to recognize conterfevenat very
high SNRs);otherwise the probability of contentletectionfollows a gaussiaretectionfunction
of Effective SNR,with parameteref meanu andstandarddeviations. The parameters, o and
o areassumedo beconstanticrosghe type of conterword (Callsign,Color, Digit), while u is

assumedo have aifferentvaluefor eachtypeof contentword (Callsign,Color, Digit). For
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completenesghe contentdetectionfunctionsfor thefiller wordsready, goto, andnow, were
specified butfor simplicity weremadethe sameasthe Callsigndetectionfunctionbecausehe

contentof thefiller wordsplays narole in streantrackingor response strategy.

4.2.3.Streantrackingdetailsandparameters

The streamtrackingparameterarealsosummarizedn Tablel1. Thestreamperceptiormodel
in the EPICauditoryprocessousesanaveragingminimumdistancestreamtrackingalgorithm.
Eachstreamobjectaccumulateshe meanpitch (in semitonesandmeanloudness(in dB) of the
word segmentshat havealreadybeenassignedo thatstream.The streampredictsthatthepitch
and loudngssrof the next, mew,word segmentvill be thesameasthe currentmneansThe
streamperception model thetalculateghe predictiorerrorbetweereachstreamandeachnew
word segmenasthe weightedcartesiardistancebetweenthe (pitch, loudness) valuesihere
pitch differencesareweighted by garametei (0-1) and loudnesgifferencesareweighted by
(2-1). As noetedabove the pitch differencewascappecdat 4 semitonesThe newword segments
arethenassignedo streamsoasto minimize thetotal distancebetweerall wordsandtheir
assignestreams.The streamsarethenupdatedo includetheir newly assignedvord segments,
and theresultingmeanausedto predictthesegmenthatfollows.

The streamperceptiormodel included a noise componeftter determining theninimum-
distanceassignmentthe streamperceptiorprocessompareshe maximumandminimumtotal
distancejfthedifferenceis lessthanor equato athresholdvaluet, anassignmenis choserat

random.

4.2.4. Cognitivgorocessostrategyexploration

The auditoryperceptioncomponentin the EPICarchitecturgakethe input utteranceegments
and perform conterdetectionandstreamtrackingand provide theesultingcontentand
StreamlDattributesof theindividualword segmentslike thatshownin Fig. 2, to the cognitive
processornwhichis running astrategyimplementedn productionrules.

Overthecouseof constructing the model \ariety of taskstrategiesvereconsidered, antivo
key optionswereidentified. Thefirst is thatin thetwo-channekask,symmetricainferencesan
bemade;for examplejf we know that one of the Color wordsfrom the Maskerstreamwe can

infer thatthe otherColor word hasto befrom the Targetstream. The presenimodelstrategy
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incorporatesymmetricainferences.

Thesecondoption concerns the "guessirgfategy Notethatin this forcedchoiceparadigm,
the subgctmustresponcevenif they have noidentified the TargetColor or Digit. The optimum
strategywould seemto beto alwaysavoid respondingvith content knowrto befrom the
Masker,and.choossomeNeitherColor orDigit instead However this Avoid-Masler strategy
failed badlyto fit thedata— it could notaccountfor howtherearesomanyMaskerresponses
conditionswherethe Maskerstreamshould beeasilyidentified, suchasat extremenegative
SNRs.Ontheotherhand,astrategythatalwaysusedavailableMaskercontentwhenTarget
contentwasmissingseriouslyunderpredictecthe number oiNeitherresponsediVe realizedthat
subjects mightiadopt"asewhatyou heard'heuristic:If theTargetcallsigncontentwasnot
actuallydetectedthenthereis someuncertainty abouwhetherthetwo streamsverecorrectly
identified,soresponding using contetitatwasactuallydetectednight bebetterthana pure
guessThus theUseMaskersstrategywill use content knowto befrom the Maskerstreamif
Target contentwasnotdetectedput onlyif theidentity of theTargetstreamhadbeeninferred
from thedetectionof Maskercallsigncontent.The modelpresentedhereachieveda goodfit to

thedatawith this UseMaskersstrategy.

4.2.5.Strategysummary

During theprocessingf theutteranceif Callsigncontentis presen{detected)tagits
StreamlDasthe Targetor Maskerstreamaccordingly If not,infer the Targetor Maskerstatus
from the othestreamif its Callsigncontentis presentThentagthe Targetor Maskerstatusof
eachColorandDigit word, basedontheir assignedstreamlIDsNote thatif neitherCallsignis
detectedit is still possiblefor Color andDigit wordsto be pairedwith their correctstreamsput
the modelwill not knowwhich streamis the Targetstreamor theMaskerstream.

Whenit istime to choose a response, the followindesareusedfor both choosinghe color
responsandchoosinghe digit responsegepending orvhat contentwasdetectedandwhich
streamit is.associateavith: If the Targetstreamis known orinferred,then use the contefitbm
the Targetstreamif it is available But if the Targetstreamwasonly inferredandthe Target
contentis notavailable thenuse theMaskercontentf it is available. Otherwise,use a color-
digit content paifrom thesamestreamif available,or useseparateolor anddigit contentf it is
available;otherwise makea pureguess.
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4.3. Modelfitting andresults

The parametewaluesshownin Table1 weredeterminedoy MonteCarloruns of theEPIC
model using @rid searchon high-performance computeustersprovidedby AFRL through
mindmadeling.orgThe searchgoalwasto maximizer® betweerpredictedand observedalues
for theTargetandMaskerColor andDigit probabilties (blueandredcurvesin Fig. 1). Each
Monte-Carlo runused3000trials pertalker/SNRcondition.Thereareatotal of 240empirical
data pointsith atleast120degreeof freedom;eightparameteralueswerevariedin the
searchThebestfit valuesareshownin Table1l.

Fig. 1 shows'the predictiorisom theEPIC modelasopen points and dottdishes. All three
conditionsarewell handledwith asmallsetof parametershatdescribenow the auditory
perceptuaprocesss affectedby theacoustigpropertiesof the inputasprovided bythe corpus
statisticsbasedon the segmentatiott.is especiallynoteworthy that unlike the modetesented
in Kierasetal. (2014),thereareno parametershatarespecificto talkersimilarity conditions —
the pitchidifferenceusedin conentdetectionandstreamtrackingaccountdor theseeffects.

As summarymeasuresf goodness dit, r? = 0.99betweerpredictedand observed valudar
the TargetandMaskerColor andDigit probabilities(blue andredcurves),andr® = 0.95for the
Both-Correctprobabilities(black).Only afew of thepredictedvalueslie outside the confidence
intervalsin thedata.

However,thereis acleartendencyfor the Both-Correctpointsto be generally undguredicted,
probablybecauseur simplemodel of thesreamtrackingis notefficient enough.To showthis,
in Fig. 3-arethe“conditionaprobabilitiesof selectingthe Target,Masker,or NeitherDigit given
that thelistenerhascorrectlyidentified the TargetColor. On the whole,the likelihood of
choosing he TargetDigit is far higher than the others, meaning tihdahelistenerhastrackedthe
Targetstreamcerrectlyasfar asthe Color, then he or shie verylikely to get theDigit correctas
well becausghestreantrackingis very likely to becorrect In contrastchoosing aMaskerDigit
would be acaseof thestreantracking"switching"to theMaskerstreamNoticethatthe model
is consistentlylesslikely to choosehe TargetDigit thanthesubjectsandis morelikely to

switchto theMaskeror Neither Digit, especiallywhenthe trackings moredifficult in the
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vicinity of 0 dBSNR. Theresultis a tendencyo underpredictthe Both-Correctresponsesven
though the individuaTargetandMaskerresponsearewell predicted.

InsertFigure 3 abouhere

5. Conclusions

We now have auccessfumodel of thawo-talkertaskthatexplainsperformancen termsof
thefamiliar concepts of masking amstkeamperceptionput doessoin theform of a
computational cognitivarchitecturehat distinguishebetweernthe perceptuamechanismshat
analyzetheauditoryinput, and the cognitivenechanismshat apply atrategyfor howto usethe
perceptualnformationto performthetask.The modelis specifiedenoughto provide adetailed
guanttative'account othe datausingasmallnumber ofparametergstimatedo fit thedata.

The mostimportanttheoreticalconclusion suggested llyis modelis thathuman performance
in thistaskis limited by low-evel perceptuadifficulties, not centrallimitationssuchasan
"attentionalfilter” or "bottleneck."Thisis anexample of the "wg late selection"concept
encouraged-bythePICarchitecturein which perceptiordeliversasmuchinformationasit can
to cognitionwherethestrategyusest to produce theesponséc.f. Kieras,in press).Thus,rather
than tryingto explainhow audtory perceptiorhassomekind of "selectiveattention"mechanism
thatin someill -definedway "filters out” themaskemessageye proposedathersimple,
general, and quantitativeipecifiedlow-level perceptuamechanism$or masking ansgtream
tracking andafairly simplecognitivestrategy sothat the model produces theerall effect of
selectiveattention but without any concept of ‘dilter" or "bottleneck”(c.f. MeyerandKieras,
1997a, b71999).

Of course the model needs further development. Improvingeffieiency of thestream
trackingmechanismmight makethe model'srackingas"sticky" ashuman trackingBut the
singlemostimpertant phenomenon challengitige modelis thesubstantiatlegradation of
performancavhenmorethan onemaskirg talkeris speakingComparedo a singlemasker jf
therearetwo maskersperformancas disproportionately poor, and only alittle worseif athird
maskeiis added The modelasdescribechere functionsn thetwo- andthreemaskercasesand

approxmatesthe poorer performangethe contentletectionfunctionsaremadesubstantially
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lesssensitiveandsteeperrepresentingtronger maskingffects.However,we needamore
fundamental explanatidior theeffectof multiple maskergdhanad-hocparameéer adjustments.
We arecurrentlyexploring afiner temporalgrainsizein the modelvhich cansupport a
"glimpsing" approaciio contentdetection(e.g. Brungart 8lyer, 2012)to explaintheseeffectsin

amoregeneralway.
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Tables

Tablel. Bestfit parameteralues

Effective SNR pitch weightw 2.00
Callsigncontentdetectionu -20.00
Color contentetectionu -18.00
Digit contentdetectionu -26.00
Content detection 10.00
Content detectiofapseratea 0.04
Streamtrackingpitch weighti 0.80

Streamtrackingdistancehreshold®  0.10

FigureFile Names& Captions

KierasFigl.eps

Fig. 1iDatafrom Thompsoretal.(2015) Experiment Dbservedsolid points andines)and
Predicted openpointsanddottedlines) proportion ofresponseasa function ofSNR andtalker
similarity. Top panel shows Colaesponsedyottom panel showBigit responsedn orderfrom
the top down, theurvesareasfollows: Blue curveswith diamond pointarefor Target

responsedlackcurveswith circle pointsarefor Both-Correctresponses (bottolor anddigit
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from theTarget),andarethesamein the top and bottorpanelsyed curveswith square points
arefor Maskerresponsesandgreencurveswith trianglesfor neitherTargetnor Masker. Error

bars showd5% confidencentervalsfor themeansaverageaverindividual subjectproportions.

KierasFig2:eps

Fig. 2. Example showing contents of workimgemoryafter erroneoustreantracking.The
polygonal‘boxes top and bottamethetwo streamobjects,showingmeanpitch (Hz) and
loudnesdevel(dB) values.The ovalsaretheword objectsin eachmessagén left-to-right time
order(gotoand nowomittedfor clarity), showing the contentime stamp,pitch, and loudness.
During pereeptioneachword wasassociatedvith its closeststream putbecause¢he Colorword

pitcheswerediscrepanttheywereassignedo the wrongstream.

KierasFig3.eps

Fig. 3. Datafrom Thompsoretal.(2015) Experiment Dbservedsolid points andines)and
Predcted (epenpointsanddottedlines) conditionalprobabilitiesof selectinga Target,Masker,
or NeitherDigitresponse givethatthe Color responswasthe correcttargetColor,asa
function 0fSNR andtalkersimilarity. In orderfrom the top down, the curveseasfollows:
Blue curveswith diamond pointarefor selectingthe TargetDigit (TD|TC), redcurveswith
square pointarefor selectingthe MaskerDigit (MD|TC), andgreencurveswith trianglesarefor

selectingaDigit thatis neither theTarget nor aMaskerDigit (ND|TC).
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