ABSTRACT

Δ

Δ

Δ

Δ Δ

Δ

Δ

Δ

Δ

Δ

Δ

0

0

0

0

0 0

0

0

0

0

0

0

0

0

Alain de Cheveigne

Ten experiments on vowel segregation

last revised: 16 May97

F

F F F

F F F F F F F

F F

F

This report describes ten experiments on concurrent vowel segregation and identification. Experiments are numbered from 1 to 10.

Experiment 1 was designed to be sensitive to a variety of hypothetical mechanisms by which frequency modulation (FM) might affect identification. The results were mostly negative, in the sense that no effect was found that could not be attributed to other factors. The only "FM effect" observed was that identification was better for incoherent than for coherent modulation. However this effect was small, and one cannot rule out that it was caused by unavoidable differences in the pattern of instantaneous between FM conditions.

Experiment 2 explored the identification of 3 concurrent vowels. As for in the case of 2 concurrent vowels, a difference in between vowels aided identification.

Experiment 3 explored the effects of and amplitude differences between vowels over a relatively wide range. Presence of a helped identification when the target/competitor amplitude ratio was low (down to -25 dB). The effect disappeared at -35 dB. In general identification was better at 3 % than at 0 %, but there was little difference between = 3 %, 6 % or 12 %. One might have expected larger s to be more effective at low target amplitudes. Such was not the case.

Experiment 4 explored the region of very small s, while controlling for phase effects and beats. As it turned out, the smallest used, 0.375 %, was sufficient to cause segregation. This did not seem to be the consequence of beat patterns caused by the .

Experiment 5 explored effects at short durations (125 and 62.5 ms), while again controlling for phase effects. effects were somewhat weaker at 62.5 and at 125 ms than at 250 ms, but they were still quite large and significant.

Experiment 6 attempted to find evidence for harmonic enhancement. Double-vowel stimuli were divided into two short pulses separated by a silence. The s of the target and competitor shared the same value in the first pulse, and one, the other or both could differ from this value by 6 % in the second pulse. It was expected that a jump in target might impair harmonic enhancement and reduce the identification rate. No such effect was found.

Experiment 7 reproduced the 3-vowel experiment with a 3-vowel forced response task, instead of the 1,2 or 3 response task of Exp. 2 . The 3-vowel forced response task is less affected by "multiplicity" cues. A comparison between Exp. 2 and Exp. 7 allows other cues to be factored out, so the role of multiplicity cues can be assessed.

Experiment 8 was an extension of Exp. 4 to even smaller s (0.1 and 0.2 %). An additional intervowel phase relation (antiphase) was also included. As in Exp. 4, effects

1

Δ

Δ

Δ

0

0

0

0

1 Introduction

F

F

F

constituentcorrect

F of were observed at 0.8 and 0.4 % (equivalent to the 0.75 and 0.375 % conditions of Exp. 4) but not at 0.2 or 0.1 %. Phase (same phase vs antiphase) had little effect at 0.2, 0.4 or 0.8 %. It had some effect at 0 and 0.1 %.

Experiment 9 investigated the effect of formant bandwidth on segregation. Formant bandwidth is known to have surprisingly little effect on vowel identification, but it affects the "peakiness" of the spectrum and so is likely to affect the way a vowel’s features emerge from the spectrum of a concurrent vowel pair. Such was indeed the case: in general a vowel was much better identified if its formant bandwidths were narrower than normal (by a factor of 2), rather than wider than normal (by a factor of 2). Somewhat unexpectedly, identification was better if the interfering vowel had wide bandwiths rather than narrow. Narrowing the formant bandwidths of a vowel has effects similar to raising its RMS amplitude.

Experiment 10 attempted to find evidence of harmonic enhancement (improved identification based on the harmonic structure of a target) by measuring identification of static or frequency modulated diphthongs (sequential vowel pairs) that were partially masked by a noise (harmonic or inharmonic) with a vowel-like spectrum. Enhancement was expected to cause better identification of targets with a static . No such effect was observed.

A previous series of experiments carried out at ATR (de Cheveigné 1995, 1996, 1997, de Cheveigné et al. 1995, 1997a,b) used the concurrent vowel identification paradigm to study effects of , amplitude differences between vowels, and phase. The classic paradigm was modified in several ways: a) a systematic intervowel level mismatch was introduced to avoid ceiling effects, b) the task allowed one or two responses per stimulus (rather than two-vowel in the classic task), thus making it sensitive to cues that signal the multiplicity of sources within a stimulus, c) vowels within the stimulus were scored separately rather than together, resulting in scores sensitive to factors that affect constituent vowels asymetrically.

A motivation in designing these experiments was the hope that the modified paradigm might bring new insight to issues for which experimentation has so far yielded puzzling or unconclusive results. Such is the case of FM (frequency modulation). We also wished to investigate new issues (such as the perception of more than two concurrent sources), and the effects of certain parameters (amplitude ratio, ) in ranges hitherto unexplored.

Some of the ten experiments are related to each other, some are not. Some are relatively straightforward. Others involve complex issues, a complex design, or a complex pattern of results. They are not necessarily described in the clearest possible fashion in this report (hopefully they will be in future papers). The reader is warned of the risk of "information overload".

After an initial section on methods common to all experiments, each experiment is described in more or less self-contained fashion. The details of the statistical analyses are all grouped in an appendix at the end of the report. No F- or p-levels are reported in the body of the report.

F F 0

0

2 General Methods

2.1 Subjects

2.2 Stimuli

2.3 Experiment design and task

There were four subsets of subjects:

1. 5 Japanese subjects (ATR staff) each performed a session of Experiment 1.

2. 15 Japanese subjects (students, 7 male and 8 female, aged 18 to 22 years, paid for their services) each performed a session of Experiments 1, 2, 3, 4, 5, 7, 8, and 10. They also performed preliminary versions of Experiments 6 and 9.

3. 15 Japanese subjects (students, 8 male and 7 female, aged 18 to 22 years, paid for their services) each performed a session of Experiments 2, 6, 7 and 9.

4. 12 French subjects each performed a session of Experiment 1 (using stimuli based on French vowels, but otherwise equivalent to those used for Japanese subjects).

In summary, Experiment 1 (on FM) was run with a total of 32 subjects (20 Japanese, 12 French). Experiments 2 and 7 (on triple vowels) were run with 30 subjects. The other experiments were run with 15 subjects.

Stimuli were either single, double or in some cases triple vowels. Vowels were synthetic tokens of the five vowels /a/, /i/, /u/, /e/, /o/ of Japanese (or, for the 12 french subjects in Exp. 1, of French). Formant frequencies and bandwidths for Japanese are listed in de Cheveigné et al. (1997a, Table I), and for both languages in de Cheveigné and Marin (1996). Vowel tokens were obtained by additive synthesis using a software implementation of Klatt’s synthesizer (Klatt, 1980; Culling, 1996) at 20 kHz with double floating point precision. They were 270 ms in duration, with onsets and offsets shaped by 20 ms raised-cosine ramps, leading to an "effective" duration of 250 ms between -6dB points. Starting phases were set to a "random" pattern that was the same for all conditions and experiments (pattern "R" of de Cheveigne et al. 1997b). Fundamental frequencies ( ) ranged between 124 and 140 Hz. s were static for all experiments except Experiments. 1, 6 and 10, where they could be either static or modulated. Vowels were always harmonic, except in Exp. 1 where they were either harmonic or inharmonic.

After synthesis, all single vowels were scaled to a standard rms value and stored on disk in single precision floating point format. During the experiments, double and triple vowels were created "on the fly" by adding single vowels (eventually with a level mismatch), and setting the sum to a standard rms value. Stimuli (single, double or triple vowels) were converted to 16 bit integer format and output diotically to earphones from the NeXT. The gain was adjusted so that the sound pressure level was in the range 63- 70 dB(A), as measured by a Bruel& Kjaer artificial ear (sound level meter type 2231, half-inch microphone type 4134, flat coupler plate).

In most cases, the experiments used the conventional concurrent vowel identification paradigm (Scheffers, 1983; Assmann and Summerfield, 1990; Culling and Darwin 1993), with the following three modifications (de Cheveigné et al. 1997a,b):

�

�

�

2.4 Data analysis

Each stimulus was scored as many times as it contained vowels. Single vowels were scored once, double vowels twice, and triple vowels three times. When scoring a stimulus, each vowel in turn was nominated the "target". The target was deemed identified if its name was among the vowels reported by the subject for that stimulus. This outcome was recorded according to the target’s nature, and the nature of the other vowel or vowels that were mixed with it ("competitors"). Roles of target and competitor(s) were then exchanged, leading to as many scores per stimulus as there were vowels. This procedure yielded "constituent-correct" rates, rather than the more commonly used "combination-correct" rates that count trials for which all vowels are correctly identified. Constituent-correct rates are possibly a more sensitive measure. For example, an effect might affect each vowel of a pair in a different direction, leading to a null effect in terms of combinationcorrect score. The constituent-correct score remains sensitive in this case. Effects of asymmetric configurations (for example a modulated vowel with an unmodulated competitor, etc.) may also be investigated in detail.

For all experiments except 7 and 10, subjects were allowed to report a variable number of vowels on each trial. In general the stimulus set included stimuli made up of a variable number of vowels, and subjects were informed of that fact. This is typical of natural situations where the number of sources to attend to is not known a priori. The number of vowels reported is a measure sensitive to "multiplicity" cues.

The stimulus set of Exp. 2 contained single, double and triple vowels, and the subjects could answer 1, 2 or 3 vowels for each stimulus. The stimulus set of Experiment 7 contained only triple vowels, and subjects had to report three vowels. Stimuli of experiment 10 were partially masked diphthongs, and the subject had to report both vowels in each diphthong.

In general, an amplitude mismatch was introduced between vowels to enhance the sensitivity of identification of the weaker vowel to conditions of interest. This is typical of natural situations in which competing voices rarely share the same level. Identification scores for the stronger vowel were usually perfect and were ignored.

Subjects were seated in a sound treated booth or room, in front of a computer screen that gave prompts and instructions, and they responded by means of a keyboard.

Data were analyzed using repeated-measures ANOVA. This analysis compares the average effect (main effects or interactions) with the variability of the effect between subjects. It is thus insensitive to effects that are specific only to certain subjects.

Each experiment was designed as a combination of simpler experiments sharing certain conditions. This was to avoid repetition of common conditions in the interest of economy. Analysis of variance was performed on subsets of the data. There was usually some overlap between subsets.

Each experiment involved a rather large number of tests, and with 10 experiments in all, the probability of a false positive is rather large. We treat the F- and p-levels produced by the ANOVAs and contrasts as descriptive quantities, and we do not attempt to apply corrective factors. We leave it to the reader to adjust his or her confidence in the significance of these results. Caveat lector!

1

1

Δ

0

0

0

�

�

�

�

�

�

3.1 Motivation

3 Experiment 1: FM

Harmonic segregation hypothesis - So far we have no evidence that this hypothesis is true.

F

might

Modulationofthe target affects its identification

aids F hinders F

Modulation of the competing vowel affects identification of the target

Frequency modulation (FM) has been cited as a prime example of "common fate" in Auditory Scene Analysis (McAdams, 1984; Bregman, 1990). Partials that are coherently modulated "move together" accross the spectrum, and should stand out if the background is static, or is modulated incoherently with the target. In a striking experiment cited by McAdams (1984), vibrato made a sound "pop out" from a harmonic background of same periodicity.

Careful experiments have shown that the effect of FM can usually be explained by the instantaneous that is induced by the modulation (Summerfield, 1992; Carlyon, 1991; Culling, Summerfield and Marshall, 1994; Culling and Summerfield, 1995; Marin and McAdams 1991). However it is difficult to accept there are no effects specific to modulation per se, because:

The "common fate" model is appealing.

FM (vibrato) is commonly used by musicians, and it is logical to guess that its role to enhance segregation of the part played by the musician from the musical background.

It is conceivable that previous experiments failed to reveal the effects of FM because of lack of sensitivity, because other effects (such as harmonicity) were overwhelming, or because the experimental context somehow forced subjects to ignore FM-based cues that would nevertheless be used in everyday life.

Certain genuine FM effects have been demonstrated (see de Cheveigné and Marin 1996 for a discussion).

Experiment 1 was designed to test for a wide range of imaginable FM-based mechanisms, using a relatively sensitive paradigm. In this way we hoped to reveal effects that had previously escaped detection. Failing that, and supposing that our efforts were convincing, our lack of success would be evidence that the hypothesized effects do not exist. We would then be relatively confident that the hypotheses that predicted them were false. According to this logic, we give their chance to some hypotheses that are a priori unlikely, given current knowledge, to make sure that "no stones were left unturned". The reader is warned that the set of hypotheses is rather heteroclite.

As it turned out, most hypotheses were not supported by the data. In order for this negative result to have some value, we must explain in detail why each mechanism have been effective, and how the experiment was designed to be sensitive to it.

Hypotheses were:

. For example, suppose that segregation of targets occurs according to a mechanism that sensitive to their periodicity . If modulation estimation, then identification should be improved. If it estimation, then identification should instead be impaired. In both cases we expect an effect specific to target modulation.

. There is strong evidence that segregation occurs according to a mechanism of harmonic

Δ

�

�

�

�

0

0

0

0 0

0

0

0

3.2 Stimuli

F F

Identification depends on theshape ofmodulation("n" vs"u")

F

Modulationmightaffectthenumber ofvowelsreported

incoher- ent

modulated static

F F F

F F cancellation that suppresses the competing vowel. Granted this, and supposing that modulation of the competing vowel aids estimation of its , identification should be enhanced by modulation. If instead estimation is hindered by the modulation, identification should be impaired. In both cases we expect identification of a target vowel to be affected by modulation of the vowel that competes with it.

. Demany and Clément (1995) demonstrated that pitch discrimination of peaks in modulation is better than that of dips (at least for wide modulation amplitudes). It is conceivable that a similar asymmetry might affect the estimation step that is required for segregation. Identification might thus depend on the shape of target modulation (in the hypothesis of harmonic enhancement), or the shape of ground modulation (in the hypothesis of harmonic cancellation).

and thus indirectly identification. For example modulation might make the stimulus more inharmonic (because FM produces sidebands) and increase the number of sources perceived. Or it might instead enhance the "cohesion" of the stimulus, and decrease the number of sources perceived. This latter effect, supposing it exists, might be stronger for inharmonic vowels that "lack cohesion", and therefore tend to evoke the perception of multiple sounds.

Auditory Scene Analysis theory (Bregman 1990) leads us to expect that modulation of target and competitor might provoke the perception of more sources, and thus indirectly lead to better identification.

Results obtained by Summerfield (1992) for pairs of inharmonic vowels lead us to expect that identification might be better for a target on an ground, rather than, either a static target (whatever the ground), or a modulated target on a modulated ground (whether the ground is modulated coherently or incoherently with the target).

The stimulus set was designed to test all of these hypotheses, plus any additional unforseen mechanisms that they might trigger. We were thus relatively confident at the outstart in our chances of finding real FM effects.

The stimulus set contained both single and double vowels. Single vowels were synthesized at average s of 124, 128 and 132 Hz. Vowels could thus be paired with s of 0 and approximately 3 and 6 %. was either constant, or else modulated with a single cycle of a cosine-shaped modulator. Peak modulation was 3 % (approximately 4 Hz), and the modulation rate was 4 Hz. Modulator phase could be either cosine, denoted as "u", or its opposite, denoted as "n" (unmodulated vowels are denoted as "_"). Vowels were either harmonic or inharmonic. Inharmonic vowels were obtained by randomly shifting each partial frequency of a harmonic vowel by -3, 0 or 3 % (approximately 4 Hz). This "random" pattern of partial frequencies was the same for all repetitions of all inharmonic vowels, whatever the .

This choice of s, inharmonicity pattern, and FM rate ensured that all components (including those induced by the FM) were multiples of 4 Hz, inverse of the duration of the stimulus (250 ms between -6 dB points). The stimulus was thus actually periodic

_/_ n/n u/u

target competitor

0%

0

0

�

�

�

� =

Δ

Δ

Δ

Δ

Δ

0

0

0

0

0

0

0 0long-term spectrum magnitude wasindependa ntofstarting phase ofallpartials thatdidnotcoincide.

depended onthephase ofpartials thatdidcoincide.

At=0withcoherent modulation, allpartials coin-

Phases being thesame forallvowels,partials added upinphase, andsothespectrum wasindepende ntstarting phase.

At0,forstatic vowels,nopartials coincided, sothespectrum wasagain independe How ever,inthecaseofmodulated vowels,eachpartial was"split" intoaseries by4Hz,andthecompoun dspectrum thusdepended onstarting phases inawaythatisunfortunately fficulttopredict orcontrol.

aperiod equal tothestimulus duration.

Thisallows abetter control oftheeffectofphase onthelong-term

.vowelconditions wereall18combinations of(=124,128,132Hz)x(har-

=I,H)x(modulation shape

=_,n,u).

Each wasrepeated twice foreachofthevowels,leading toatotalof180single vowelswithin thestimulus set.blevowelswereformed byadding single vowelswithalevelmismatch of15Onevowel(the"targ et")wasthusweaker thantheother by15dB.Identi fication ofstrong ervowel("the backg round") tended tobeperfect andtherefore uninteresting.

measured onlyidenti oftheweaker vowel.theorder of(lowvshi),there areapriori

108possible doublevowel(3s)x(2targetharmonicities) x(2ground harmonicities) x(3targetshapes) x(3backg round modulation shapes).

Thissetistoolargetobeprac-

Wetherefore selected asubsetof16conditions thataresufficient totestourhy-These conditions were(notation

X/Yindicates thatXisthestateofthetargetweaker vowel,andYthatthestrong erorcompeting vowel):=H/H) x(=0)x(modulation

=_/_,n/n,u/u).Theinstantaiseverywhere

0.=H/H) x(=3%)x(modulation

=_/_,n/n,u/u,n/u,u/n,n/_,_/n,_/u).Allcombinations oftargetandcompetitor areincluded.

_/_,n/nandu/u,theinstantaneous isconstant andequal toForconditions

(_/n,_/u,n/_,u/_)itisvariable butequal to3%onaveragestarts atzero, peaks at6%,andendsatzero).

Forconditions

(n/u,u/n),the_/_ n/n u/un/uu/n_/u_/nn__/n_/_ 6%_/_ _/n_/nboth inharmonic � ΔΔΔ0 00 000 0 0 00 00 0 0FerFconvention

wasintended tomake iteasier tointerpret possible diferences betw een"u"and"n"-modulation.

A"n"-shaped modulator hasonemaximum, butalsotwo"half" minima, atonset andfset.estimation atthese points might alsodepend onmodulation shape, inanopposite wayfrom central part.How ever,givenourchoice ofmodulation patterns, theatonset andoffsetiszero, soofestimation cannot affectidenti fication.

Shape effects, iftheyexist, arethustothecentral partofthemodulator waveform.

cross andtheaverageissomewhat largerthan3%.=H/H) x(=6%)x(modulation

=_/_).=I/I)x(=3%)x(modulation

=_/_,_/n,n/_).16conditions werecrossed with20ordered vowelpairs

(vowelswithin apairThey werealsocrossed withtwovalues ofabsolute ororder.

From viousexperiments wexpected noeffectofthisfactor, butwewished toavoidtheythatasubject associate aparticular condition withaparticular

.Anxception tothisrulewasmade forconditions

H3_/n andH3n/_:

thevowelalwayshadthe,sothesofbothvowelsstarted andstopped atthesame alue.

Likewise, inconditions

H3u/_ andH3_/u theunmodulated vowelhadthehigher again sothatthetracks ofbothvowelsstarted valuestimulus setthuscomprised

(16interesting s)x(2s)x(20vowelforatotalof640doublevowels.These weremixedrandomly withthe180single owelsforatotalof820stimuli.

These werepresented inasingle session thattypically

40to90minutes tocomplete. 2.0

1.8

1.6

1.4

1.2

1.0 number of vowels reported

6 3 0 ΔF0 (%)

(a)

1.0

0.8

0.6

0.4

0.2

0.0 proportion target correct

6 3 0 Δ F0 (%)

(b)

�

0

Δ

Δ

Δ Δ10 0 00 00Results

Effectofnumbe

rofelsreportedidenti rateAveragenumbe rofvowelsreportedperstimulus asafunction ofF,av-ragedoverall32subjects

(subsets

1,2,4).Dotted linerepresents dataforsubset2.lines aredataobtained inaprevious expe riment withthesame stimuli butferentsubjects

(deChev eigńetal.1997b).

Errorbarsrepresent onestanda rderror.Target-co rrectidenti rateasafunction ofF.reported hereinclude dataforsubject subsets

1,2,and4.Thedesign andstimsetwasidentical inallcases, except thatFrench subjects heared based onvowels.Graphs display results forboththeentire subject set,andforsubset2tocomparison withExperiments

2-10.

wereaveragedovers(because wexpect nosigni ficant effect), andoverowelsorvowelpairs

(because wearenotinterested inthiseffect).

Details ofANOVAcontrasts aregiveninAppendix

A.expected from previousexperiments, hadastrong effectonboththeandtheoftheweaker vowel(-15dB).Fig.1shows number ofvowelsreported

(a)andtheidenti rate(b)asafunction ofstatic s.Data forsubset2areplotted asdotted lines.

Data ofapreviousxperiment, alsoat-15dBbutwithdiferent subjects, areplotted asdot-dash lines

(deveigńetal.1977b).

Thediference een3%and6%issigni forbothΔ ΔΔ ΔΔ Δ0 00 000 0FMeffectsFEffects ofharmonicity cohe rentFMShape ofFM("n"vs"u")Conditions

(n/u,u/n)versusothersTarget

FMstimuli wereincluded inthestimulus setmainly totestthehypothesis thatmight counteract theirlackof"coherence", leading toaneffectofmodulation onnumber of‘vowelsreported.

Harmonicity persewasnotourmajor concern, butwevertheless report theeffects observ ed.didnotaffectidenti ofvowels,whate vertheirmodulastate.

Itdidhoweverincrease thenumber ofvowelsreported:

1.42forinharmonic owelsvs1.11forharmonic vowels(Sect.

A.1).

doublevowels(nominal of3%)harmonicity hadtheopposite effect.Sub-reported onaverage1.60vowelsperpairofinharmonic vowels,vs1.76perpairofvowels(atthesame nominal

).Harmonicity alsoaffected identi fication:

%forharmonic and33.5%forinharmonic vowels.From pastresults, wecanat-thiseffecttothefactthatharmonic cancellation islesseffectiv eifthecompetitor inharmonic.

presence ofcoherent

FMofbothvowelshadnoeffect,either onthenumber ofvow-reported, orontheidenti rate.There wasnodiference eenconditions n/n,u/u.Thiswastruebothat=0and=3%.ofmodulation hadnoeffect.Itmade nodiference whether hadshape ofapeak

("n") oravalley

("u").

Thiswastruewhether thetargetwasmodu-

(n/_vsu/_),theground

(_/nvs_/u)orboth(n/nvsu/u),(n/uvsu/n).tracks

(n/u,u/n)cross, implying thattheaverageinstantaneous largerthanforother s.Indeed, theyevoked more answ ers,andpro-greater rates withanominal of3%.diference isnotparticularly informativ e,sowewon’tmention these inthefollowi ng.evoked thehypothesis thatFMofthetargetvowelmight determine segregation.

eentargetandground washighly signi ficant, anditisbestignore thesigni main effectoftargetFMonthenumber andfication rateandconcentrate onsimple effects.

theground wasstatic, targetFMhadahighly effect(Fig.

2,fullThesame wastruewhen wasmodulated

(Fig.

2,open symbols).

everthese effects wereopposite insign.

Thedatadoesnotreflect amechanism 2.0

1.8

1.6

1.4

1.2

1.0 number ov vowels reported target FM STATIC MODULATED

1.0

0.8

0.6

0.4

0.2

0.0 proportion target correct target FM STATIC MODULATED2Ground

FMModulated onstatic ground averagenumbe oftargetmodaveragedoverall32subjects.

Fullsymbols:

static ground, open symbols:

modground.

rderror.Right:

target-co fi-rate.etotargetmodulation perse.alsoevoked thatidenti ofthetargetmight beaffected bymodofthecompeting vowel.Themain effectofground wasnotsigni ficant.

When targetwasstatic

2,left),

FMhadasigni effect,andthesame waswhen thetargetwasmodulated

2,right).

wereoppoinsign.Thedatacannot bedescribed asreflecting aground modulation-speci fichypothesis wasthatmodulated targetswithstatic competitors beeasier fythaneither targets,ortargets-modulation indiferent

-withmodulated

Summerfield

(1992) found evidence ofthiseffectforinharmonic butnotvowelpairs.

Wefound noevidence oftheeffectforeither harmonic orinharvowels.Theeffectwouldhaveshown upasanasymmetry eenn/_and_/n,wedidnotobserv e.Δ ΔΔ ΔΔ ΔΔ 0 00 00 00 renceCohe

rence ofFMConclusion

finalhypothesis wasthatofFMmight

Conditi onswhich targetandground weremodulated incoherently

(more precisely:

onemodutheother static) evoked ficantly responses

(1.78 vs1.74), andgaveaficantly higher score

(58.9

%vs54.8%)thancondition sforwhich vowelsweremodulated coherently, orbothwerestatic.

datacanthusbedescribed aneffectofFMcoherence.

evereffectissmall, especially when compared toorharmonicity

Itiscon-vablethatitisaconsequence ofthegreater peak instantaneous

(6%)observ edincoherently modulated conditions.

interpretation wouldhavebeen eliminated ifidenti rateornumber ofowelsweregreater thanforastatic of6%.Such wasnotthecase:

scores formodulated pairs fellbetw eenthose forstatic at=3%54.6%)and=6%(1.82 and61.9%).Wethuscannot guarantee thatthiseffectisreally theresult perse.oureffortstotapawide variety ofFMmechanisms, anddespite thesensitiv itytheexperiment, wefound thatFMperseaffects segregation, apart effectofFMcoherence.

Thiseffectwassmall incomparison toeffects ofandandwecannot exclude thatitwascaused bythediference inmaximum eencoherently andincoherently 0

0

0

0 0Introduction

Expe

2:Segregation of3concurrent vowelsharmonic

tworofsources heardthisexperiment iscomple xanddifficult tounderstand.

Itisbesttoreadabout

7first,andthencome back toExp.2]vowelsegregation experiments usually involvetwovowels.Thisisarestriction, tokeep theexperiments simple, butitleavesopen thequestion oftheauditory system deals withtheverycommon situation ofmore thantwosources intheenvironment.

thesis isthattheauditory prepares aninternal representation, form ofspectrotemporal map, within which correlates ofeachsource aresepa-

What thesubject actually hears depends ontheresult ofasortof"perceptual shopthisrepresentation.

Thisisimplicit incomputational auditory scene anal-

(CASA) models suchasthose ofMelling er(1991),

Cooke

(1991),

Brown

Ellis(1996).

Apriori,the representation accomodate anarbitrary ofOnecanthusimagine perceiv ingthree ormore vowelsatatime, givensuffi-segregation cuessuchasF0diferences.

isthatthere arenevermore thantwoentities involved:a"targ et",andverelseisintheauditory environment

(the"backg round", or"competing sounds").

asound istheobject ofattention, theauditory singles outitscorrelates, those ofallcompeting sounds arelumped together toform a"backg round".

Itiscon-ablethattheauditory maintain anumber of"targ et-ground" parses atalevel.Atanymoment wouldchoose among dichotomies.

diference withthepreviousthesis wouldnevermore atatime.

Ateachinstant onewouldhearonevowelthethree, withanundiferentiated round.

third proceeds bysuppressing eachsound inThediference withthefirstthesis ismainly oneofemphasis:

thefirstthesis con-onthetarget(s), thisoneconcentrates oneachsound considered asaninter-

Thesuccess ofthepreviousschemes presumably ontargetcharacteris-

(such asperiodicity).

ofthisscheme oncharacteristics ofthesound(s), according towhether ornottheyareeasytosuppress.

Again, oneconceiv ethattheauditory ofparses atalowlevel,theresult ofcancelling thecorrelates ofoneormore sources.

"suppression" ispartially supported byexperimental thatsugg est-guided segregation istheresult ofofcompeting sounds.

etsareeasier toheariftheinterference isperiodic thanifitisnot.Thisiswhyidentioftwoconcurrent vowelsisbetter eachhasadiferent

.How everwhen areconcurrent vowels,eachvowelisincompetition withother vowels.canconsider twovowelsasasingle undiferentiated

(thesis

2).Incaseitshould behardtosuppress ifthetwocompeting vowelshavediferent s,theirsumisnotperiodic.

everonecanalsoconsider thevowelsasperiodic thatcanberemo vedoneaftertheother

3).Inthatcaseidenti thetargetvowelshould berelativ elyeasy.

related question pertains tothe.Where arefreereport onevowelortwoforstimuli containing oneortwovowels,theytendtore-twoifa)thestimulus isinharmonic

(vowelshavediferent s),orb)thestimulus twodiferent vowelswithsimilar amplitudes.

They onlyonevowelifa)stimulus isharmonic

(asingle vowelortwovowelswithsame

),orb)itsspectral �

�

�

0 0

0

0

0

0

0

0 0Methods

FSubjects

Stimuli elope isclose tothatofasingle vowel(single vowel,orvowelsmixedwithalargediference).

happens ifthesubjects arefreetoreport one,tworowels,andthestimulus contains one,tworthree vowels,withone,tworthree dif-s?Presumably, there isonevowelandone,theywilltendtoreport vowel.With multiple vowelsandmultiple s,theywillreport severalvow-more often, butwhat istheactual pattern?

Dotheyreport vowelswiththree owelsthantwo?More withthree sthantwo?oftheansw ercomes anexperiment byKashino andHirahara

(1995).

Sub-listening totheconcurrent speech ofseveralspeakers accurately reported theirwhen thisnumber wasoneortwo.Asthenumber ofspeakers increased to11,number ofvoices much slowly

,withanasymptote at4.Thismight indicate themaximum ofsources thatcanberesolv ed.Howveritmight alsoberelated totheimperfect periodicity ofspeech, ortoacognitiv elimit thatcanbekepttrack ofathigher levels.aimofExperiment

2wastoexplore thisquestion using ariable ofsynthetic vowels(1,2or3)andataskinwhich wasfreereport

1,2or3vowels.Theparameters ofthisexperiment werethenumber ofvowelsandtherelationship eentheirs(allsame, twosame onediferent, allferent).

experiment wasfirstperformed with15Japanese

(subset2).Some interest wereonlymarginally soitwasdecided toextend theexperiment

15more

(subset3),foratotalof30subjects.

stimulus setcomprised single, double,andtriple vowels.Foreaseinstimulus specandgeneration, everystimulus wasthesumofvowels,diferent ornot.triple vowels,thethree components werediferent.

Fordoublevowels,twocompovowelswereidentical andthethird diferent.

Forsingle vowels,allthree compowerethesame.

Ignoring order, are35diferent combinations of3component owels:eee,iii,ooo,uuu].

produced vowels.aii,aoo,auu,eaa,eii,eoo,euu,iaa,iee,uoo,iuu,oaa,oee,oii,ouu,uaa,uii,uoo].

doublevowels.Onevowelappears inthesoitsamplitude is6dBgreater thanthatoftheother.

aio,aou,aeo,aiu,aeu,eio,eou,eiu,iou].These genuine triple owels.balance ofsingle, doubleandtriple set,single owelswererepeated

4times andtriple vowelstwice, toatotalof60"triplets".

vowelsweresynthesized at3s:124,132and140Hz.Thisallow eddiferent patterns of:allsame, alldiferent, twosame-one

Thesetofwascrossed withthatofvowelpatterns.

Thisiseasytoconceiv einthecasetriple vowels:thethree vowelshadeither allthesame

,orallthree haddiferent Δ

�

� � Task

Scoring0 0 0 00 00 00 00 00 0 00 0 00 00 0 0 0 00 00 00 00Frmonic

Frmonic

Frgetortwovowelsshared andiferent thethird vowel.Itisalsoeasytoconceiv ethecaseofsingle vowels:thesingle vowelwaseither

(allsthesame),

(made upoftworthree series).

caseofdoublevowelsisabitmore subtle.Both vowelscould havethesame

,theweaker vowelcould haveoneandthestrong ervowelanother evertheervowelcould alsobe(made upoftwoharmonic

Thiscasebesplitintotwo:either thesoftheinterference werebothdiferent thatoftarget,oroneofthem wasthesame asthatofthetarget.ofvowelsandnumber ofs(independent series) werethuscrossed orthogonally.

Afewprecautions werenecessary tobalance thestimuli withre-to(toavoidthatsome wouldhaveonlyhighswhile others onlys,etc.)[The reader wanttoskipthis]:

Themiddle frequency

(132Hz)hasaspecial status:

itisequidistant two.Each vowelmust haveanequal chance toplaythe"odd mansotheall-di ferent must berealized in3ways.osame, onediferent.

Twosareinvolved.Werestrict ourselv estothewhere theyarecontiguous andexclude thecasewhere theyareextreme

(thatouldimply alarger).Twovowelshavethesame andoneadiferent

.vowelmust toplay"odd manout", sowemust realize inthree ways.same

.Foruniformity withtheother twocases, thisoneisrepeated

3times.

summarize, eachofthethree ofpattern wasrealized ways(Thisledto(3patterns) x(3orders) x(60triplets)

=540conditions.

wasnotexpected tohaveaneffect(deCheveigńe1997a), butitseemed theprobability ofoccurence ofeachororder, toavoidthepossithatasubject learn toassociate agivencondition withagiven.swereatrandom, andthisassignment wasrenew edateachsession.

bjects wereinformed thateachstimulus wasasingle, doubleortriple vowel,andtheyererequested toreport vowelsforeachstimulus.

usdistingui shthecases vowels.single vowels,wemeasured andtheidenti

(probably perfect) ofthepatterns of(xxx, xxy,xyz).

doublevowels,weconsidered eachvowelinturn.Onewasweak(-6dB),thestrong

(+6dB).Fortheweaker vowel,there were4patterns toconsider

(notatarget/ground):

x/xx, x/yy, x/xyandx/yz.

Inthefirst,bothvowelswereharmonic

.Inthesecond, bothwereharmonic withdiferent s.Inthethird, wasthesuperposition oftwoharmonic series, oneofwhich astarget.Inthefourth, bothharmonic series oftheground werediferent thatoftarget.Inallfourcases, thewasharmonic.

thestrong ervowelthere werealso4patterns toconsider:

xx/x, xx/y, xy/y, xy/z.

theyerebothharmonic thetargetwasthesuperposition of0 00000 000 Results

FNumbe rofvowels reportedoharmonic asthatoftheground.

Inthefourth, theetwasthesuperposition thatbothdifered thatoftheround.

Inallfourcases, fortriple vowelsweconsidered vowelsinturn.Each waseak"inthesense thatitwasincompetition withtwother vowels.There werefourx/xx, x/xy, x/yz.

Inthefirst,thetargethadthesame asitstwoInthesecond, thecompetitors hadthesame

,diferent thetarget.thethird, s,oneofwhich asthetarget.thefourth, theofbothcompeting vowelswerediferent thatofthetarget.measured thetargetidenti rateandnumber inallofcases.

details ofANOVAsandcontrasts

B.3shows theaveragenumber ofthenumber offerent spresent inthestimulus, forsingle vowels(squares), doublevowels(trianvowels(circles).

Fordoublevowelsmade upoftwos,onecandistintwocases.

Inthefirst(downw ardpointi ngtriangles), eachvowelwasharmonic haditsown.Inthesecond

(upw ardpointing triangles), onevowelwasharmonic, wasthesumoftwodiferent

(oneofwhich vowel).Thenumber monotonically withtheofdiferent thestimulus, andalsowiththenumber ofdiferent 3.0

2.5

2.0

1.5

1.0 number of vowels reported

3 2 1 number of F0s present

Number of vowels in stimulus: 1 2 30 0000 0 000 0rofvowelsreportedasafunction oftheFpatte rn,forsingle

(squa res),ble(triangles)

Seetextforthediference eenupwa rddownwa rdpointin gtriangles.

rderror.FoneFbletwoFwithin thestimulus.

forthetwodiferent two-voweltwo-condition swerepooled together, anddatasetwassubjected toarepeated-measures

ANOVAwithfactors ofvow-(1,2,3)andnumber ofs(1,2,3).Both factors werehighly interaction wassigni butrather small.

Thenumber wasreater fortwovowelsthanone,andgreater forthree than2(thislastdiference wasonlysigni ficant).

alsoincreased withthenumber spresent.

Itwasgreater fortwothanforone,butthediference een2andwasnotsigni wasavowelwith,subjects rarely

1vowel(average:1.16).

vowelsifthestimulus waseither in-(2or3s)orwasthemixture of2or3vowels.How everevenwith3vowels3s,thenumber waslessthan3(average:2.64).

Segregation ascertainly notsufficient forthesubjects torealize thatthere were3vowelsonalltri-Itisalsointeresting tonotethatavowelwithsevoked arelativ elyaveragenumber ofresponses

(2.44).

wasapparently notsufficiently toconv incethesubjects thatthestimulus contained only2vowels.Δ 00 00 0 00 00Identi cityaddition tothe"averagenumber ofvowelsreported" score, theproportion oftrials

1,2and3vowelsmight beofinterest.

Wedidnotattempt analyze thedatainthatway.vowelswereidenti fiedalmost perfectly, whate verthenumber ofsinvolvedB.4).

doublevowels,wedistingui shedweak(-6dB) andstrong

(+6dB) targets.weaktargets(Fig.

4(a)), waspoorwhen thecompetitor washar-andhadthesame asthetarget(x/xx).

Itwasbestwhen wasandhadadiferent thetarget(x/yy).

wasin-andcontained sthatwerebothdiferent thetarget(x/yz), fica-wasslightly impaired

(thecontrast withx/yyismarginally

Itwasmore verely ifoneofthetwocompeting swasthesame asthetarget(x/xy).

areoverallconsistent withthehypothesis thata)theauditory vesinterference byharmonic ofthecompetitor

(s),b)severalhar-series maybecancelled, butc)twoharmonic aresomewhat harder tore-vethanone,andd)thetaskisharder stillifoneofthecompeting sisthesame asofthetarget(remo vingitwouldremo vethetarget).taskofsegregating three vowelsthusdoesnotseem thanregating two.Awordofcaution however:much ofthediference eenx/xxandconditions maybeduetocuesthataffectthetendency severalowels,andthusindirectly theidenti rate(thisiscontrolled forinExp.7).conditions x/xxandx/yymaybecompared tocondition susedinapreviousble-v owelexperiment withaof6%(vs6.45%here) andalevelmismatch ofdB(vs6dBhere)

(deCheveigńe1997a).

Those dataareplotted asthedotted

Fig.4(a,b).strong ertargets(Fig.

4(b)), wasoverallbetter thanforweaker tar-ets.Thediference eenx/xxandtheother buttheferences thelatter werenot.Inallthose theweaker competing owelwasharmonic.

Previousexperiments

(deCheveigńe1997b) fica-wasnotdegraded thetargetwasinharmonic rather thanharmonic.

Itisthussurprising wasnotdegraded thetargetcontained twoswasthusinharmonic

(xy/z), evenifoneofthese twoswasthesame wasthatofcompetitor

(xy/y).

everidenti wereoverallveryhigh, sothelack1.00.80.60.40.20.0

proportion target correct target/ground F0 pattern x/xx x/yy x/xy x/yz

(a)

1.0

0.8

0.6

0.4

0.2

0.0 proportion target correct target/ground F0 pattern

xx/x xx/y xy/y xy/z

(b)40 0 00 0Identi rateoftheweaker(-6dB)vowelasafunction ofthetarget/ground patte rn.Errorbarsrepresent rderror.Thedotted inasimila rexpe at-10dB(deChev eigńetal.1997a).

(b)Same forstrong er(+6dB)vowel.Thedotted rex-riment at+10dB.Fdiference eenxx/y, xy/yandxy/zmayalsobeexplained byaceiling effect.triple vowels(Fig.

5)identi bothcompetitors hadtheasthetarget(x/xx).

,difer-from

Identi wassomewhat ifthetwocompetitors diferent s(x/yz) withx/yywasmarginally

Itwasevenimpaired asthatofthetarget(x/xy). 1.0

0.8

0.6

0.4

0.2

0.0 target/ground F0 pattern x/xx x/xy x/yy x/yz

0 05fication rateofvowelswithin atriple vowel,asafunction rn.results areconsistent withthehypotheses mentioned above(doublevowels).6compares ofavowelmixedwithtwodiferent owels(triple vowel)tothatofavowelmixedwithtwice vowelblevowel,weaktarget).Forthediferentconditions, wasbetter consisted oftwice vowel,rather thantwodiferent vow-Thereduced inthelatter casecanbeattributed tomore effectiv emask-

(masker energy isdistributed thanlocated atafewformants), oracognitiv effect,duetothegreater ofvowels.How everneither explanation ac-1.00.80.60.40.20.0

proportion target correct

2 vowels

3 vowels x/xx x/yy x/xy x/yz6

0

0

0

0 0Discussion

effectFrgetidenti ficati onrateasafunction

Fpatte rn.Open thecompetito rsarediferentvowels(3vowel).Filled theyaretwice same vowel(2vowel).in-rmonic forthefactthatthere swerethesame.

vowelswhen twovowelsthanone,butsmaller eenthree andtwowasonlymarginally twosrather thanone,butsmaller andtwowasnotsigni isconsistent withtheresults ofKashino

(1995) thatfound thatbjects underestimated ofconcurrent voices wasgreater

2.fication ofmembers oftriple vowelsimpro vedwhen thetargethadadifer-from bothofitscompetitors.

Thisimpro vement wasslightly reduced thehaddiferent samong themselv es,andtherefore constituted aform ofThisresult istobecompared withpreviousdatathatshow edthatfication wasimpaired interference wasinharmonic

(deCheveigńe1997b).

inthex/yzcondition, although relativ etothex/yycondition, assigni better thaninthex/xxcondition.

Thismight beinterpreted asmeaning

0theauditory canperform simultaneous ofseveralinterfering interferers.

ever,much oftheeffects areduetolowidenti inthex/xxstate, allsarethesame andthestimulus isharmonic.

Subjects tendtoreport fewerowelsinthatcase, andthisofcourse affects rate.Experiment

7replithethree-v withataskinwhich hadtoreport

3vowelsallstimuli. 6

�

0

Δ

Δ

Δ

Δ

Δ

Δ

Δ

Δ = Δ

Δ

0

0

0

0

0

0

0 0

0

0

0

0 0 0FNumbe reportedIntroduction

Methods

Results

3:Theeffect ofoverawide range ofviousexperiments

explored theinteraction eenleveland(McKeown,

1992;

Cheveigńetal.1997a), andfound thateffects wererelativ elylargeforweakets,andsmaller targets.How evertherangeoflevelsandsexplored aslimited.

Here weuseawider range.Wewish todetermine howweakatargetmaybefore vanish, andwhether thislimit onthesizeofthetaskwassimilar tothatusedinExperiment1, andpreviousexperiments

(deCheveigńeal.1997a,b).

Thestimulus setconsisted ofdoublevowelsmade vow-Single withsof124,128,130,132,134,136,140Hz,"random" swerepaired toobtain sof0%(132,

132Hz),3%(130,

Hz),6%(128,

136Hz)and12%(124,

140Hz).Vow elswereadded witham-diferences of5,15,25and35dB(leading totarget/competitor ratios ranging

-35to35dBin10dBsteps).

There were(4s)x(4amplitude diferences) x(20pairs) x(2orders)

=640pairs.

setcontained nosingle vowelsereasoned thatdoublevowelswithanamplitude mismatch of25or35dBareverytobeing vowels,andthatinclusion ofsingle vowelswasnotnecessary forstimulus settobeconsistent withthedescription made tothesubjects).

ofANOVAandcontrasts areshown inAppendix.

C.7shows ofamplitude mis-betw eenvowels.Foreachthenumber decreased withmismatch.

Thisisunderstandable, asalargeamplitude makes thesimilar toasingle vowel.Atallamplitudes

35dB,thenumber ofvow-reported greater

0thanwhen

=0(at35dBthere asnosigni effect).

een3%and(6,12%)wasmarginally sig-ficant at25dB,butnotatother

Most oftheeffectoccured een2.01.81.61.41.21.0 35 25 15 5 amplitude mismatch (dB)

Δ F0:

12 % 6 % 3 % 0 %

6

0

0

0 0

0

Δ

Δ

Δ = Δ

Δ7Identi raterofvowelsreportedasafunction ofintervow elamplitude diference, forF.Fand3%,andverylittlebeyond.

8shows thetarget-correct ofthetarget/competitor foreach.Identi thetargetwasstrong etotheItwasalsobetter

=0attarget/competitor of-25,-15,-5and5dB(there wasnosigni effectat-35dB,orat15,25ordB).Thediference een3%and(6,12%)wassigni at-15dBbutnotatlevels.Again, theeffectismostly limited tothediference een0and31.00.80.60.40.20.0

proportion target correct

-35 -25 -15 -5 5 15 25 35 target/competitor amplitude ratio (dB)

12 % 6 % 3 % 0 % 08ΔΔ Δ Δ ΔΔΔ0000 0 0 0 00 00 00 00 0Theeffectofabsolute rget-co difer-foreachF.Fpreviousexperiments, byofthetargetorcompetitor

(deCheveigńetal.1997a,b).

evertheeofswassmaller inthatexperiment.

therangeislarger,since weincluded

=12%condition.

datafor=3,6,and12%werereanalyzed tomeasure thetargetidenoftarget(lowvshigh).

Thedatawereanalyzed separately eachamplitude ratio, byanANOVAwithfactors

(=3,6,12%)x(=low,-25dB,there wasasigni effectofandnointeraction with.etswereidenti fiedlesswellatthehigher

(0.29

%)thanatthelower(0.38

Atallother amplitude ratios, anditsinteraction withwerenotsigni lackofeffectat-15dBandhigher withourpreviousobserv ation oflackofeffectat-20and-10dBtarget/competitor ratio. Why theeffectisevident at-25isamystery.

Itisconceiv ablethattheeffectobserv edat-25dBisdueentirely oneortwopairs, thathappen toshow asensitiv ityto.Wehavenotinvestigated question. � � F0 0 0 0 00 0Δ Δ Δ Δ ΔΔ ΔDiscussion weresimilar tothose bydeCheveigńetal.(1997b).

Thenewexperaddsthefollow inginformation:

fects bothidenti andthenumber fortargetsaseakas-25dBrelativ etothecompeting vowel.Ourpreviousdatashow edim-vement down to-20dB(deCheveigńetal.1997a).

At-35dBtheeffectwassmall tobemeasurable.

Wehavethusanideaofthelowerlimit ofmeasurable fects.

een0and3%,beyond wereaffected by.Thispattern wasobserv edbypreviousauthors forequaltargets.Ourresults extend ittoweaktargets.Apriori, theplateau offication rateatlargerscould havebeen attributed toaceiling effect.Ifweaktargetswouldhavebenefitted alargers.Such wasnotcase.

detailed pattern ofvowelpairshould beusedtotestmodels ofowelperception.

todosohere.

Experiment

3confirmed thatmost occur intheregion ofsmall s.Thisemphasizes theneed toexplore region where most ofthechang esinsegregation occur.

Thatisthepurpose ofEx-4.F� �0 0Δ ΔΔ Δ ΔΔΔΔΔ ΔΔ Δ 0 00 0 000 00 0 00 00 0 FIntroduction

4:effects atsmall sdoublevowelexperiments,

oftheimpro inidenti occurs rangeofsmallest s,betw een0%andthelowestnon-zero valueoftheparameter

(typically

6,3or1.5%).Thisregion oftheparameter space hasnotbeen investigated detail

(most effortshaveconcentrated ontherangeoflarges,where aresmall).

difficulty withsmall sisthattheygiverisetobeatpatterns withlongperithebeatperiod islongerthanthestimulus, thelong-term starting phase, andisnotunequiv ocally determined by.Thisproblem isoften recognized orcontrolled for,anditispossible forsmall serespeci fictotheparticular portion ofthebeatperiod thathappened tobeincluded

(ormore generally, totheparticular relationship eenofbothvowels).aimofthisexperiment wastoexplore thesmallregion, while controllin gtheeffects ofphase-dependent interaction.

taskwasthesame asforExperiments

1and3.Subjects weretoldthatastimucould consist ofoneortwovowels,andtheywerefreetoreport onevowelortwo.ever,asinExperiment

3,thestimulus onlydoublevowels.hisisafrom ourdoctrine ofensuring setisconsistent withthede-made tothesubjects.

alargenumber ofconditions anamplitude of15dB,andatornearzero.

Wereasoned setascontaining

"both anddoublevowels"wouldseem tothesubjects, andthatsingle vowelswerenotnecessary.

Including asigni f-proportion vowelswouldhavemade settoobig.doublevowelsweremade vowelswithscentered

132Hz:=6%(128,

136Hz),3%(130,

134Hz),1.5%(131,

133Hz),0.75(131.5,

132.5

Hz)and0.375

%(131.75,

132.25

Hz).swereplaced symmetrically

132Hztoensure thatsubjects wouldnotbeinfluenced bydiferences inmean

.stimulus duration of250ms(betw een-6dBpoints) isequal tothebeatperiod

=3%(4Hz).When theissmaller than3%,thestimulus onlyaofabeatperiod.

Forexample at0.375

%thestimulus represents oneeighth ofaperiod.

Theoverallspectrum ofthestimulus thusdepends ontheparticular thatwasselected, anditisconceiv ablethatthismight affectthewayitidenti fied.Tocontrol forthispossibili ty,conditions wererepeated withasmany suc-esegments asnecessary tocoverahalfbeatperiod ereasoned

(incorrectly) thatbeatpattern wouldbesymmetrical intime, andthatsampling onehalfofitsperiod assufficient.

Ourstimulus setistherefore incomplete.

Nevertheless, with2succesesegments at0.75%and4segments

%,thesample iscomplete enough tovealeventual

Inanycase, setwasalready verylargeandnothaveaccomodated stimuli.

While thisisbutasmall sample ofpossible relationships, itissufficiently wide toalertustoapossible phase-speci ficity offects

s.Results Δ

Δ

Δ Δ

Δ

Δ Δ

Δ Δ

Δ

Δ Δ

Δ

Δ

Δ Δ F0 00 0 00 00 00 0 00 00 00 00Phase s=0.375

%condition wasthussynthesized in4diferent versions.

wassuccessiv esegment ofabeatpattern, thatisthetwocomponent vowelsweresummed aincreasingly largedelay

(1/16,

3/16,

5/16,

7/16ofaperiod).

Wealsosynthesized versions ofthe=0%withthesame interv oweldelay.

Inthisway,eachoffour=0.375

%segments becompared toa=0%segment ofsimiglobal spectrum.

Apreviousstudy show edthat,atsmall s,successiv xcised adouble-v owelmayproduce

(Assmann and1994).

Ithasbeen proposed suchbeatpatterns enhance fica-ofvowelswithin pairs, andmight thusaccount for"ëffects s.Ifwerethecase, wewouldobserv ea)diferences eendiferent segments

(interowelphases), atboth=0.375

%and=0%,andb)nodiference eensegments of.werethus:

onephase at=6,3,1.5%,twoat=0.75%,andat=0,0.375

%.Each withtworders

(low/hi ghandw),andwithanamplitude of0and15dB.Condition sweredoubled15dB,inorder thateachcondition atleastonce withaweak(-15dB)et.There werethus(13andphase conditions) x(3amplitudes) xunordered vowelpairs)

=780stimuli astimulus set.previousresults, tobeclearest fora15dBamplitude mis-A0dBamplitude wasnevertheless included toallow comparison withviousreports ofbeateffects.

Theamplitude ofinteractions suchasbeats islikely tolargestwhen bothvowelshavethesame amplitude.

D.Results isplotted inFig.9forvowelamplitude of15dBand0dB(b).Atbothamplitudes themain effectofwassigni ficant:

twovowelsmore often wasa.Themain effectofphase at0dB,andnotsigni at15dB.Theinteraction 2.0

1.8

1.6

1.4

1.2

1.0 4 3 2 1

Δ F0:

0.325 % 0 %

(a)�15 dB

2.0

1.8

1.6

1.4

1.2

1.0 number of vowels reported

4 3 2 1 segment number

ΔF0:

0.325 % 0 %

(b)�0 dB

0

0

0

Δ

Δ Δ9Numbe rofvowelsreportedasafunction ofthesegment numbe r(phase orbetw eenvowels)forF=0%(filled symbols) and0.375

%(open symbols), foramplitude of15dB.(b)Same, foranamplitu demismatch of0dB.15dB,butnotat0dB.target-correct rateisplotted inFig.10fortarget/competitor

-15dB(a)and0dB(b).Themain effectofwasnotsigni at0dB,butitwas-15dB:subjects fiedtargetsmore wasnotzero.

Phase and1.00.80.60.40.20.0 4 3 2 1 segment number

0.325 % 0 %

(a)�0 dB

0.0 proportion target correct

4 3 2 1

ΔF0: 0 %

(b)�0 dB

Δ

Δ

Δ

Δ

0

0

0 010effect werenotsigni at=0,0.375 and0.75%wereaveragedoversegments

(phase).

Figure

11thenumber offoramplitude ofTarget-co r(phase) rF=0%(filled foranamplitude

15dB.(b)Same, foranamplitud emismatch of0dB.2.01.81.61.41.21.0

number of vowels reported

ΔF0 (%)

0.0 0.3250.75 1.5 3 6

amplitude ratio:

0 dB

15 dB

0 Δ11dB(squares) or0dB(circles).

ofFforanamplitud ediference ofdB(circles) or15dB(squa res).1.00.80.60.40.20.0

Proportion target correct

ΔF0 (%)

0.0 0.3250.75 1.5 3 6

target/competitor ratio:

0 dB

-15 dB12

Δ

Δ

Δ

Δ

Δ

Δ

Δ

Δ

Δ

0

0

0

0

0

0

0

0 ofFforatarget/competito rof0dB(circles) res).12shows ficaton offoratar-et/competitor ratioof15dB(squares) rateincreased with,evenassmall as0.375

%(1/16th ofasemitone, or0.5Hz).Contrary toatheory hasbeen putforw ardtoexplain s(Assmann andSummer-

1994;

Culling andDarwin,

1994), thiseffectdoesnotseem tobetheresult beats.

Inagreement withthattheory, thatscores weredependent theparticular segment ofthebeatpattern thatwaschosen forthestimulus.

ever,successiv at=0.375

%wasbetter fiedthanacorresponding atwiththesame averagephase relationship.

isinteresting areenhanced asosmall only1/8th ofabeatperiod. �

Δ

Δ

Δ

Δ

Δ

Δ

Δ

Δ

0

0

0

0

0

0

0

0 0Expe

5:Duration

Introduction

at125msshould synthesized withonlyonephase, bymistake theyweresynthesized both.

Responses forthese twophases werepooled.

setsofExp.4and5werenotthesame, sothiscomparison isnotperfectly fairandSummerfield

edat200msduration van-at52.5msduration.

Assmann andSummerfield

(1994) thatsuccessiv e50segments excised a200msdouble-v owelstimulus werenotequally fi-stimulus durations posethesame problem assmall s:ifthestimulus isthanthebeatperiod, itsglobal onthepartofthebeatperiod itoccupies.

Inother wordstheglobal isphase-sensitiv e,andwithout ofthisphase thedescription isnotcomplete.

aimofExperiment

5wastoexplore oftheduration parameter inthesame asExperiment

4explored theparameter.

Wecontrolled forphase repeating thesmallest twice, eachtimewithadiferent ofbeatperiod.

blevowelsweresynthesized withsof0%(132,

134Hz)6%(128,

136Hz).Stimulus were145msand82.5ms,with20msraised onsets andoffsets.

Thedurations een-6dBpoints were125and62.5ms(asto250msforExp.4).stimuli weresynthesized withtwodiferent owelstarting phases, corretotheongoing atthecenter oftwosuccessiv equarters ofabeatvelswere0dBand15dB.There wereatotalof(3s)x(2phases) x(2du-x(2orders) x(10unordered pairs)

=720stimuli.

13shows of,foreachoftheandphase atanamplitude of15dB(a)and0dB(b).lines

(circles) represent dataobtained with250msstimuli inExp.4.Whate verduration, withincreasing

.When asalevelmismatch of15dB,theincrease withwassmaller atshort thanatlongDuration affected thestepbetw een0and3%thanthatbetw een3and2.01.81.61.41.21.0

number of vowels reported

6 3 0 ΔF0

duration:

250 ms (Exp 4)

125 ms

62.5 ms, phase 1

62.5 ms, phase 2

(a)�15 dB

6 3 0 Δ F0

duration:

250 ms (Exp 4)

125 ms

62.5 ms, phase 1

62.5 ms, phase 2

(b)�0 dB

0

0

0

0

Δ

Δ

Δ Δ13rofvowelsreportedasafunction ofFforeachduration, at15dBand0dB(b)amplitude diference.

Dotted andcircles

250msinExpe

4.%.14shows of,foreachthedurations andphase at-15dB(left) and0dB(right).

inExp.4Whate vertheduration, with.When thetarget/competitor ratiowas-15theincrease thanatlongdurations.

Duration 0.2

6 3 0

(a)�-15 dB duration:

250 ms (Exp 4)

125 ms

62.5 ms, phase 1

62.5 ms, phase 2 6 3 0 Δ F0 (%)

(b)�0 dB duration:

250 ms (Exp 4)

125 ms

62.5 ms, phase 1

62.5 ms, phase 2

Δ

Δ

0 014Discussion

at-dB(a)and0dB(b)target/competito dataat250msinExpe

4.thestepbetw een3and6%.contrast totheresults ofAssmann

(1990) for52.5msstimuli, wedclear forstimuli of62.5ms.Thisdiference beexplained bydiference intask.Oursubjects wereallow edtoreport oneortwovowels,whereas twovowelsforeachstimulus.

Ourbjects mayhavebeen influenced bymultiplicit ycues, whereas theirs hadtoignore anduseonly"unmasking" cues.

ablethatthose cuesvanish forshort multiplicit ycuesremain.

Oneshould notealsothatoureffects wererel-elysmall forequal vowelpairs.

contrast forsuccessiv e50msexcised owelstimulus, effectthephase factor

(equiv alent tosuccessiv ofabeatpattern).

Thismaybebecause oursampling ofthephase wasdiferent. 124 128 132 136 Δ 150 0 00 00 0Introduction

6:Insearch ofharmonic enhancement

rnsusedinExpe

6.Only rns"ancho red"on124HzareThestimulus setalsoincluded red"on128and124Hzthatareshown, foratotalof16Fpatte rns.Dotted thetarget(weakervowel).ofharmonic come intwoflavors:harmonic andhar-cancellation

(deCheveigńe,1993;

deCheveigńetal.,1995).

According tothetheharmonic structure ofatargetsound isusedto"pull itout"ofinterference.

tothelatter, theharmonic ofinterference maybeusedtosuppress

Sofar,thebalance ofevidence isinfavorofharmonic cancellation, andagainst har-enhancement

(Lea1992;

andCulling

,1992;

deCheveigńetal.1997a,b).

theprinciple underlies many inparticular

"auditory analysis" models, aswellasmany algorithms forenhancement".

Itisanappealing principle, anditwouldbesurprising ifthesystem nouseoftheharmonic oftargetswhatsoe ver.aimofthisexperiment, aswellasofExperiment

8,istoattempt tofindaroleforetharmonicity.

Sofarwefound thatitservesforsimultaneous grouping segregation;

ourhypothesis hereisthatitservesfor"sequential grouping".

isbased onthehypotheses thatsegregation isrelativ elyineffectiv eshort

1990;

seealsoExperiment

5),andthatestimation mechanism issomewhat

"sluggish", andmaybefooled bycertain oftransitions.

ofdoublevowels,formed bypairing vowels(same ordiferent) adding them withanamplitude of15dB.Each vowelitself con-oftwoconsecutiv e82.5mspulses, shaped with20msraised cosine ramps

(62.5 een-6dBpoints), separated by105msofsilence.

Thetotalduration ofeachwas270ms(250msbetw asinmost ofourother experiments.

ofeachpulse waschosen

124,128,132and136Hz.Thesoftheoconsecutiv epulses bethesame, ortheycould diferby3or6%(4or8Hz).single vowelcanthusbeseenasmodulated inamplitude

(with a"hole" inthemiddle) insome cases infrequency

(atransition accross the"hole").

vowelswerepaired doublevowelswiththefollowing constraint:

a)ofthefirstpulse waszero, b)within thesecond pulse, theofeachvowelwasthesame asinthefirstpulse, ordiferent by6%(8Hz).Theaccepted transitions illustrated inFigure

15.Thetargetisshown asadotted.

line.Δ ΔΔΔ F0 0 00 00 00 00 00 000000 0results

Discussion

were(16patterns) x(25ordered x(2repetitions)

=800stimuli.

Pairs inbothvowelswerethesame vowels(harmonic orinharmonic, tothepattern).

were160such"single vowels".taskwasasinother experiments, oneortwovowelsforeachstimulus.

F.Results arefor14bjects

(data foronesubject wasstillmissing atthetimeofwriting).

wereaveragedoverallfourstarting s.There arefourdiferent patterns:

=0,nojump in,=0,a6%jump in,=6%(onsecond pulse), nojump intarget,competitor jumps by6%,=6%(onsecond incompetitor, targetjumps by6%.number wasadiference indur-thesecond pulse

(1.81) thanwhen theswerethesame

(1.55).

Theidenti wasalsogreater

(0.51 vs0.35).

everinthe=0%condition itmade noference ornotthere wasa6%jump inofbothvowels,andinthe6%condition thetargetorthecompetitor jumped by%.measures bytheofthesecond pulse.

Neither measure wassig-ficantly bythepattern oftransitions ofeither thetargetorthecompeting owel.Inparticular inthe=6%condition, wasnoevidence thatajump targetimpaired

Either ofsegregation ontar-etcontinuit ywasfalse, oroureffortstoimpair thetargettracking ability ofthesystem wereinsuf ficient. 0 0

0

0

0

0

0 0 FIntroduction

7:Triple vowelswitha3-vowelforcedre-task2investigated

thesegregation andidenti ofmixtures ofthree vow-Subjects edtoansw erone,tworthree vowelsforeachstimulus, accordtowhat theyheard.

ofahard-to-hear vowelwasmainly ornotthesubject decided vowels.Thatis,identi rateasstrongly dependent on"multipli city"cues.

investigates situation, butwhen multipli citycuesaredis-(because vowels).wereasubsetofthestimuli ofExperiment

2.Only vowelswereThere were(10triplets) x(3patterns) x(8repetitions)

=stimuli.

Thetaskwassimilar tothatofExperiment

2,except vowelstimuli, andsubjects wererequired

3vowelsforstimulus.

G.16shows ofpattern, to-ether withasimilar vowelsinExperiment

2.Identi isorstwhen allvowelshavethesame

(x/xx) andbestwhen havethe,diferent islessgood vediferent s,bothdistinct thetarget(x/yz).

everitisbetter allowelshavethesame

(x/xx).

Thissugg eststhatsegregation isstilleffectiv e,despite inharmonicity ofthe"masker"

(sum ofcompeting vowels).Inother words, oftwocompeting ispossible, itismuch lessef-ethanone.Thisisconfirmed bythefactthatidenti isimpaired ifoneofthehasthesame asthetarget(cancellation ofthatcompetitor wouldcancel target).Identi inthe(x/xy) isnotsigni thatthe(x/xx)

.fication thatthatmeasured inExperiment

2.Thisiseasytoasaconsequence ofthe3-vowelresponse forced task(although onecannot xclude acontribution oftraining).

Comparing across thepat-across

(x/yy),

(x/xy) and(x/yz) issimilar eenthetwoexperiments, theoveralldiference inrate.The(x/xx) isdiferent.

Thedifer-betw eenthatcondition andtheothers wasmuch inExp.2thaninExp.7,because to(andwereallow edto)report fewervowels.One0.90.80.70.60.5

proportion target correct

F0 pattern x/xx x/yy x/xy x/yz

response required:

3 vowel

1-3 vowel (Exp 2)

016thing tonoteisthatstandard errors aresmaller inExp.7thaninExp.2.rget-co ofthetarget/competito rFpat-rnobtained inExp.7(filled andExp.2(open �

�

0

Δ Δ

Δ

Δ

Δ

Δ

Δ

Δ

Δ

Δ Δ F0 00 0 000 00 000 000 0 00 0Expe

8:VERY small

Effects ofphase reported4explored s.Unexpectedly, werefound saslowasthelowestvalueintherange(0.375

%).Thefirstaimofthisex-wastoextend therangetosthatweresmaller still.Experiment

4(asinmany double-v owelexperiements) thesallclustered around baseline value(132Hz).Theauditory conceiv ablyusethisfacttofiltering properties nearthatfrequency.

Ifso,performance bedegraded fthebaseline wereroving.Asecond aimofthisexperiment wastotestforthatpos-.Delta wereconstructed withsnear124,128and132Hz.outcome

4wasthatperformance slightly onphase at0,0.375

%.Thespace relations isvast,andtheconditions

4(adjacent portions ofabeatpattern) werebutasample.

Theexperiment takes onemore sample:

ismade eenvowelpairs andopposite

(pi)starting asinExp.4.Single atsof124,128132Hz,andalsoatsthatwerehigher by0.125,

0.25,

0.5and1Hz.They wereandadded of5or15dB,toform doublevowelswithof0.125,

0.5and1Hz,orapproximately

0.1,0.2,0.4,0.8%(the0.4and%condition sareequiv tothe0.375

%and0.75%conditions ofExp.4).Both owelswereadded inphase, oronevowelwasinverted

(phase) before addition.

were:(5delta f0s)x(2phases) x(2amplitudes) x(20ordered

Absolute randomly trialtotrial.ofANOVAandcontrasts

H.a15dBamplitude arepeated-measures

NOVAwithfactors andstarting

(same vsopposite phase) indicated effectofandamarginally effectofphase.

fewervowelswhen vowelswereadded inantiphase thanphase.

Theinteraction withwasnotsigni

17(a)shows vowelsreported ofthestarting beweenvowelsofateach.5dBtheeffectwasagain highly butneither thephase effectnor1.61.51.41.31.2

number of vowels reported

180 0 starting phase difference (degrees)

ΔF0: 0 % 0.1 %

0.2 %

0.4 %

0.8 %

(a)�15 dB

1.9

1.8

1.7

1.6

1.5 number of vowels reported

180 0 starting phase difference (degrees)

ΔF0: 0 % 0.1 %

0.2 %

0.4 %

0.8 %

(b)�5 dB

0

0

0

0 0

0

Δ

Δ

Δ

Δ Δ Δ17fication ofstarting

(inphase opposite phase), forseveralvalues ofF.Left:

15dBamplitude

Right:

dBamplitu dediference.

Finteraction weresigni

17(b)).thetarget/competitor ratiowas-15dB,themain aswastheirinteraction.

18(left) shows thefication ofphase, fordiferent values of.When wasnon-zero

,theeffectofphase

=0itwashighly

Adding vowelsatunison inopposite greatly theweaktarget.thetarget/competitor ratiowas-5dB,themain ofandphase and0.40.30.20.10.0

proportion target correct

180 0 starting phase difference (degrees)

Δ F0: 0 % 0.1 %

0.2 %

0.4 %

0.8 %

-15 dB

0.8

0.7

0.6

0.5

0.4 proportion target correct

180 0 starting phase difference (degrees)

ΔF0: 0 % 0.1 %

0.2 %

0.4 %

0.8 %

-5 dB

Δ

Δ

Δ

0

0 018Effects ofrofvowels reportedficatio nrateasafunction vsop-phase),

5dBdiference.

wereagain

18(right)).

19shows asaof(averagedoverphase), of15dB(left) ordB(right).

lineinFig.19(left)

4for2.01.81.61.41.21.0

number of vowels reported

ΔF0 (%)

Exp. 8

Exp. 4

0.0 0.1 0.2 0.4 0.8

(a)�15 dB

2.0

1.8

1.6

1.4

1.2

1.0 number of vowels reported

Δ F0 (%)

Exp. 8

Exp. 4

0.0 0.1 0.2 0.4 0.8

(a)�15 dB

0

0

Δ Δ19rofvowelsreportedasafunction difer-Thedotted inExpe

4.Right:

5dBamplitude ference.

20shows of(averagedoverphase), atarget/competitor ratioof-15dB(left) or-5dB(right).

lineinFig.20(left) 1.0

0.8

0.6

0.4

0.2

0.0 proportion target correct

ΔF0 (%)

Exp. 8

Exp.4

0.0 0.1 0.4 0.8 0.2

(a)�-15 dB

Exp 8

0.0 0.1 0.2 0.4 0.8

(b)�-5 dB20

Δ

Δ

Δ

Δ Δ

Δ

0

0

0

0 0 0 0Discussion

rgetidenti

-15dBtarget/competito rRight:

-5dBtarget/competito lineinrepresents inriment

4.Fdataobtained

4forsimilar dataareoverallconsistent withthose

4.There aresome ef-themost striking theeffectofaphase reversal at=0%when thetar-et/competitor ratio=-15dB.Both vowelshavethesame soaphase versal creates inthecompound attheformants owel.Thisexplains whyidenti ispoorata180degreephase shift.Itisintertonotethataof0.1%issufficient toabolish thispenalty.

as0.4%isuseful forsegregation buteffects ofsmaller thanareindistigu ishable experimental noise andspurious

Wehaveanestimate ofthelowerlimit ofsthatsupport

-guided Δ

Δ Δ F0 0 00 0Introduction

9:Effects oformant bandwidth

havenotchecked formally isabovechance atthelowestamplitudes.

esinformant haveasurprising effectonvowelidenti andPickering,

1994).

affectneither phoneme boundaries, northeability classi fyspectra reliably asvowels,evenifwhen bandwidths aredoubledorquadruetotheir"normal" values.

onlyifthebandwidths sowide thatthespectrum isseverely smeared.

hand, inourconcurrent vowelidenti wehavefound candetect thepresence ofvowelsthatareasmuch as20dB(deCheveigńeal.1997a) or25dB(exp.3)weaker thanacompeting vowel,evenwithout theaidof.Havingdetected itspresence, theycanalsoidenti fyitonagood proportion of.Intheabsence of-based cues, forevidence vowelinthespectral eentheformants ofcompetitor.

formants should bebeneficial tosegregation intwoways:a)spectral fea-ofthetargetshould

"emerg e"more easily because theyaresharp, andb)masking belesssevere,because thevalleys eenitsformants areThepresent ofmaking thebandwidth ofei-vowel(orboth) either wider than"normal" byafactor of2,ornarrow erthannormal afactor oftwo.Targ et-correct scoring ofnarrow/wide vswide/narrow allows todecide eena)andb)above.vowelsweresynthesized withformant thatwereeither onehalf("narortwice

("wide") theirnormal values, atsof124and132Hz.Spectral en-elopes fornarrow andwide vowelsareplotted inFig.21.Therangeislimited to2500 forclarity.

Doublevowelswerecreated vowelswithanamplitude of5,15or25dB.swerethesame

(=0%)ordiferent(6

%).Thebandofbothvowelscould beeither ornarrow

(n/n,n/w,w/n,w/w). 100 80 60 40

dB

2500

2000

1500

1000 500 0 Hz

/a/

100 80 60 40

dB

2500

2000

1500

1000 500 0 Hz

/e/

100 80 60 40

dB

2500

2000

1500

1000 500 0 Hz

/i/

100 80 60 40

dB

2500

2000

1500

1000 500 0 Hz

/o/

100 80 60 40

dB

2500

2000

1500

1000 500 0 Hz

/u/

Δ

Δ

Δ Δ Δ

� � � �

�

0 0

0

0 0 0Results

21Numbe reporteddBamplitude ratioenvelopes ofvowels.Dotted lines:

(twice normalband-

Continu ouslines:

narrow

(half normalbandwidth).

Theabscissa istotheregion ofthelowertwoformants.

Fwere(20ordered x(3amplitude ratios) x(2s)x(2s)x(4bandcombinations)

=960doublevowelconditions.

Giventhelargesizenumber ofblevowels,single vowelswerenotincluded

(pairs ratioof25aresufficiently similar tosingle vowelsforthestimulus settomatch tothesubjects:

asetcontaining doubleandsingle vowels").

ofANOVAaregiveninAppendix

I.Anovaswereperformed ateachratio.

ofresults ismost orderly at15dBamplitude maybetreated astworthogonal factors:

owel(wbw), andbandwidth ofthestrong ervowel(sbw).

TheANOVAshows thatthefactors of,wbw andsbwarehighly buttheirinteraction iseither

(sbw,wbw, wbw sbw) ormarginally

(wbw sbw).

hasitsowneffect,independent other factors, 2.0

1.8

1.6

1.4

1.2

1.0 number of vowels reported stronger vowel narrow wide

weaker vowel:

narrow wide

(a)

0%

2.0

1.8

1.6

1.4

1.2

1.0 number of vowels reported stronger vowel

weaker vowel:

narrow wide

(b) narrow wide

6%_0

0

0

0 0

Δ

Δ

Δ Δ Δ22rofvowelsreportedasafunction offormant bandwidt hofthestrong erel(abscissa), andweakervowel(dotted:

narrow, continuous:

wide).

(a)F=0(b)F=6%.ervoweliswide rathe rthannarrow eakervowelisnarrow rthanwide

Ftheeffects ofalladduplinearly.

for=0%areshown inFig.22(a).Thenumber ofthe.Itisgreater ofthe.Thepatterns ofbothvowelsareidentical, sotheirspectral envelopes adduplinearly, thespectral envelope ofthesumisrelativ elyeasytopredict interms oftheformant amplitudes, andshapes oftheconstituent vowels.Ifformants owelarenarrow, theywillemerg ewithin eenformants erowel.Ittheyarewide theywillbelessconspicuous.

Thisexplains theeffectofformant vowel.formants ervowelarenarrow, theyemerg eclearly thecomlikeasingle vowel.When theyarewide, theislesslikethatofasingle vowelandatwo-vowelresponse ismore likely.

Thisxplains ervowel.=6%(Fig.

22(b),thenumber isgreater thanat0%,asobserv edpreviously

Theeffectofformant 2.0

1.8

1.6

1.4 1.2

1.0 number of vowels reported formant bandwidths (weak/strong) n/n w/n n/w w/w 0 % 5 dB

15 dB

25 dB

Δ

Δ

Δ

Δ

Δ

0

0

0

0

0 0between

5,15and25dBamplitude

23rofvowelsreportedasafunction erweakervowels(notatio n:weak-vow el-bandwidth

/strong-vow el-band width).Fissimilar tothatobserv edat=0%.Itisinteresting tocompare theoftheeffects oftargetbandwidth

(0.14) andcompetitor

(0.21) thatof(0.29).

issurprisingly large,although quite aslargeasthatof.bandwidth canalsobecompared withthatofa10dBchang einratio,

15to25dB(0.16).

Formant ofanarrow-formant owelisabout

7dBgreater thanthatofawide-formant vowel,andthevalley eenisabout

5dBdeeper.

Ifbandwidth weredueonlytothelocal amplitheyinduce, onewouldhavexpected theireffects tobesmaller thaned.number ofvowelsre-forpairs inFig.23asafunction ofthebandwidths ofweaker ervowelofeachpair(notation:

weak-v owel-bandwidth/st rong-owel-bandwidth

),foramplitude of5,15and25dB.Effects ofbandwidth areat15and25dB,butsmaller andlessorderly at5dB.=6%thepattern

24.Effects at5dBaresmaller still,pos-because ofaceiling effect.2.01.81.61.41.21.0

number of vowels reported formant bandwidths (weak/strong)

6 % w/n n/n n/w w/w

5 dB

15 dB

25 dB

0

0

Δ ΔIdenti

24dBtarget/competito ratio0%.rofvowelsreportedasafunction width).F6%.rget/competito ramplitu deratiormant hofthetargetfication ismeasured foreachvowelinapair,sowereason

(rather thanjustamplitude ratiobetw eenvowels),astheweaker vowelifthetarget/competitor am-ratioisnegativ e),andbandwidth vowel(same asthestrong erowelifthetarget/competitor ratioisnegativ e).-15dBthepattern ofidenti appears ifbandwidth istreated factors.

Themain oftargetcompetitor andarehighly andtheirinteractions 1.0

0.8

0.6

0.4

0.2

0.0 proportion target correct competitor narrow wide

(a)_{target:}^{narrow}

wide

0 %

1.0

0.8

0.6

0.4

0.2

0.0 proportion target correct competitor narrow wide

(b) target:

narrow wide

6 %

Δ Δ

Δ

Δ

Δ

0 0

0

0 025ficatio hofthecompeting vowelandthetarget(dotted:

(a)F=0%,(b)F6%.deep marginally ornon-signi andinanycasesmall.

firstthepattern at=0%(Fig.

25(a)).Identi isbetter ifthetar-etformants arenarrow thanwide.

asnarrow thepeaks targetvoweltobetter emerg aspectrum dominated ercompetitor.

isalsobetter iftheformants owelarewide thannarrow.

Thisissomewhat surprising, asvalleys eenfor-ofthecompetitor arewhen arewide.

Masking therebegreater fortargetformants falling inthese valleys.

Theresult canbeexplained assuming thatcompetitor are"less competitiv e"when theyarewide anddon’t disrupt ofthetargetformants somuch.

Itisalsoablethatidenti isdetermined mainly bythetendency twovow-(when onlyonevowelisreported, isnecessarily notidenti fied).

Replication withatwo-vowelforced response taskmight resolv ethisissue.

isoverallbetter at=6%(Fig.

25(b)).Theeffects edat0%.Atthisamplitude oftargetbandandareindependent andaffectidenti addi- 1.0 0.8

0.6 0.4

0.2 0.0 proportion target correct bandwidths

amplitude ratio:

25 dB

15 dB

5 dB

-5 dB

-15 dB

-25 dB

n/n n/w w/n w/w

0 %

0

0

0

0

0

Δ

Δ

Δ

Δ Δramplitude

26rget-co hofthetar-etandcompetito r(notation:

target-bandwid th/competit or-ban dwidth)forseveraltar-et/competito ramplitude ratios.

F=0%.ely.=0%,theidenti inFig.26afunction bandwidths, foreachtarget/competitor

Thebandwidth effectisoverallthesame atallamplitudes, withevidence ofafloorfectatlowamplitudes

(-25dB)andastrong ceiling effectathighamplitudes

(15anddB).Thepattern

27),butidenti areoverallourselv estothe-15and-5dBlevels,where ofandbandaresimilar andregular, itisinteresting themagnitude targetbandwidth

(0.20),

(0.16),

(0.19) anda10dBstepamplitude ratio(0.28).

Onecould argue thattheapproximately formant vowelcanaccount fortheeffectoftargetband-

Theapproximately

5dBlowervalley ofnarrow ouldleadustoexpect aneffectofthemagitude tothatwhich edbutofopposite sign. 1.0 0.8

0.6 0.4

0.2 0.0 proportion target correct bandwidths

amplitude ratio:

25 dB

15 dB

5 dB

-5 dB

-15 dB

-25 dB

n/n n/w w/n w/w

6 % Δ

Δ

0 027Discussion

F=6%.bandwith hasastrong effectonthenumber fi-rate.Theeffects aremore orlessindependent, ofthesame order ofmagnitude astheeffectof6%,withwhich theycombine orlessadditiv ely.bothvowelshavethesame bandwidth, isusually ifthisbandwidth isnarrow.

evertheeffectissmall.

Itissurprising thatnarrow-

’sformants doesnotenhance targetidenti fication, asthenarrowing deepens eentheinterfering andshould helpthetarget’stoemerg e(Fig.

28).strong effectofformant onsegregation isinstark toitsneg-eable roleinidenti ofisolated vowels.Avoicewithnarrow bandhasacompetitiv eadvantag erelativ etovoices withnarrow erbandwidths.

Itwouldinteresting toknow indiv idual that"stand out"havethischaracterisisacorrelate ofstressed oremotional speech.

Thepattern ofvowelpaircould ofvowelper-Wedidnotattempt 90 80 70 60

dB

2000

1500

1000 500 0 Hz

n/n

90 80 70 60

dB

500 0 Hz

n/w

90 80 70 60

dB

2000

1500

1000 500 0 Hz

w/n

90 80 70 60

dB

500 0 Hz

w/w

0 Δ28envelopes ofan/i/maske r(dotted lines), andcreated bytheaddition tomaske rofaweak/a/(continuous line).

Target/competito ratiois25dB.plotisforadiferentcombination oftarget/competito rformant h.F6%.ΔΔ 00 000 0 00 00 0 00 yFIntroduction

10:Insearch ofenhancement, partII.pointed

outintheIntroducti ontoExperiment5, enhance-

(impro vedidenti targets)isattractiv e,andmany sound separation

(egspeech separation) andmethods areonit.How everthere islittleexperimental infavorofit:theharmonic oftargetshaslittleffectontheiridenti possibili tyisthattheofthetargetisauseful cueforsegregation noise.

thetarget’smight beestimated theinterference isweak,thatknowledg eapplied isstrong.

estimation isdifficult isstrong, sosuchtheextrapolation ofinformation beThemechanism wouldnotbetrigg eredwithstatic stimuli, andthiscould explain ourpreviousattempts tofindenhancement wereunsuccessful.

thisexperiment, weusedynamic thatapproximate sequential shall improperly usetheterm"diphthong" todescribe suchpairs

(properly speaking, diphthong isavowel-like withachanging spectrum).

Thespectrum starts resembling onevowelandterminates another, afterasmooth transition.

maystaythesame during thetransition, oritmaychang etogether withthespecenvelope.

masked byaninterfering thatstarts attheofthetransition ramp.

Thesubject

’staskistoreport bothvowels.Thefirsteasytohear, butthesecond vowelisseverely masked, soidenti bedependent oneventual phenomena.

de-oncontinuity bemore eiftheremains thesame, thanifitesbetw eenthefirstandthesecond parts ofthediphthong.

dynamic thisexperiment one(modest) stepinthedirection

"real" oftargetspartially bynoise.

Targ etsweresynthetic owelpairs, onthefiveJapanese vowels.Allpairs ed,including vowel.Stimulus was270mswith20msraised offsets.

The250msportion wasdividedintofourequal

62.5segments.

Thespectral wasconstant thefirstandlastsegment, withlinear transition ofenvelope parameters

(formant frequencies) themiddle twoThecould constant throughout

(124,

128,132orHz),orelseconstant thefirstandlastsegments, withalinear of6%(124–>132

Hz,136–>128

Hz,etc.)during twosegments.

masker was270msinduration andshaped withasingle raised-cosine window.

wasdelay edby62.5msrelativ etothetarget.Themasker onset thuspre-thebeginning ofthetargettransition ramp by10ms,andthemaximum oftheenvelope coincided withtheendofthetransition

Themasking levelthusduring theramp.

Itdecreased somewhat thefinalsteady-state thetarget,butremained atalevelsufficient tomask thatportion ely.masker periodic ornoise-like.

Aperiodic wasmade bysumallfivevowelswithequal RMS Itscould be124,128,132or138Thiswaseither asthefinalofthetarget(=0%),orelsedif-(=6%).Noise-like maskers weremade byshaping gaussian withtheΔ ΔΔ Results 0

0

0 0

0

0 0 0

0

0

0 0 Fspectral werefourdiferent noise-like maskers, onfourferent tokens.

werethusthree states:

noise-like, part),

(diferent part).

Themasker as12dBgreater thanthatofthetargetforperiodic and2dBfornoise-like amplitudes werecalculated overthe270msduration ofthetarget,and270msduration ofthe(delay ed)masker.

were(25vowelpairs) x(4starting s)x(2targetpatterns) x(3masker

=600stimuli.

wereeffectiv e,wewouldexpect tobebetter fortargetsstatic thanmodulated s,atleastwhen themasker isnoise-like orperiodic with6%.When

=0%,thestatic beofnobenefit.

areillustr atedinFig.29.When wasnoise-like, withthatdifered thatofthelatter partofthetarget,identi wereforastatic thanforamodulated target(they were,non-signi ficantly, slightl yorse).

Ourprediction ontheenhancement hypothesis wasconfirmed.

wasperiodic andanthatwasthesame asthatofthelastsegment oftheet,identi butsigni forunmodulated targetsrela-etomodulated targets.Thiseffectisnoteasytoexplain.

Inthemodulated case, thethetargetdifered thatofthemasker theramp, andtheauditory sys-might havegleaned information thatparttoimpro veinformation.

Such wasthecase.

een"S"and"D"conditions corresponds totheclassic fect.Comparisons eeneither ofthese andthe"N"condition aremeaningastargetamplitudes arediferent.

(The factthatidenti wasmore orlessthefora+12dBharmonic anda+2dBnoise-like indicates thatthemasker wasconsiderably disruptiv e.)again, wehavefailed tofindsupport fortheharmonic hypothe- 1.0 0.8 0.6 0.4 0.2 proportion target correct masker state

S D N

Target F0:

static modulated

0

0 0 029ficatio ofmaske rstate(S=harmonic,

F,D=rmonic, diferentF,N=noise like), fortargetswithaconstant

F(filled raramped

F(open

wledgements softhisdatawasperformed

attheLaboratoire deLinguistique

Formelle,

CNRS

Univ ersite

Paris

7.Cecile

Marin participated inthepreparation

1,anddataforFrench andsheandSteveMcAdams indiscusthatledtothese

Hideki Kaw ahara contributed useful advice.Par-thanks gotoRieko

Kubowhorantheexperiments.

Forstimulus generation weheavilyonJohn

Culling’ softw are(Cullin g1996).

Assmann,

P.F.,andSummerfield,

Q.(1990).

"Modeling theperception ofcon-vowels:Vow elswithdiferent fundamental frequencies,"

J.Acoust.

Soc.88,680-697.

Q.(1994).

"The contributi onofwaveform intertotheperception vowels,"J.Acoust.

Soc.Am.95,471-484.

Bregman,

A.S.(1990).

"Auditory analysis,"

Cambridg e,Mass.,

MITPress.

Brown,

G.J.(1992),

"Computation alauditory analysis:

arepresentational

Sheffield,

Department ofComputer

Science unpu blished doctoral dis-Carlyon,

R.P.(1991).

"Discriminating eencoherent andincoherent fre-modulation ofcomple xtones,"

Soc.Am.89,329-340.

Carlyon,

R.,Demany,

L.,andSemal,

C.(1992).

"Detection ofacross-frequency ferences infundamental frequency,"

Soc.Am.91,279-292.

R.(1994).

"Further against anaccross-frequency fictothedetection offrequency

(FM) incoherence eenre-edfrequency components,"

Soc.Am.95,949-961.

Cooke,

M.P.(1991), processing andorganisation," dissertation.

,J.F.,andDarwin,

C.J.(1993).

"Perceptual ofsimultaneous owels:Within andacross-formant byF0,"J.Acoust.

Soc.Am.93,Culling

C.J.(1994).

andcomputational vowels:Cues arising lowfrequency beating,"

Soc.95,1559-1569.

,J.F.,Summerfield,

Q.,andMarshall,

D.H.(1994).

"Effects ofsimulated verberation ontheuseofbinaural cuesandfundamental separating concurrent vowels,"Speech

Comm.

14,71-95.

,J.F.,andSummerfield,

Q.(1995).

roleoffrequency inperceptual

Soc.Am.98,837-Culling

,J.F.(1996).

"Signal areforteaching andresearch inpsy-icsunder

UNIX andX-windows,"

Beha viorResearch

Methods,

InstruandComputers

28,376-382.

deCheveigńe,A.(1993).

"Separation sounds:

Fundamenandatime-domain model ofauditory pro-J.Acoust.

Soc.Am.93,3271-3290.

deCheveigne,

A.(1995),

"Experiments invowelsegregation,"

ATR-HIP technical

TR-H-154.

A.,Kaw ahara,

H.,Tsuzaki,

M.,andAikaw a,K.(1995).

"Sensitiv techniques forthestudy ofsound segregation.",

Proc.

ASJautomn

373-374.

deCheveigńe,A.(1996).

"Śegŕegation devoyellessimultan ées:effetsduniveaufetdeladif́erence deF0.",

Journ éesd’delaParole,

55-58.

deCheveigńe,A.,andMarin,

C.(1996).

offrequency-modulated sounds,"

Soc.Am.100,2718.

deCheveigńe,A.,Kaw a,K.(1997a).

"Concurvowelsegregation

I:Effects ofrelativ elevelandF0diference,"

Am.101,2839-2847.

deCheveigńe,A.,McAdams,

S.,andMarin,

C.(1997b).

"Concurrent vowelsegre-II:Effects harmonicity andtask,"

Soc.Am.101,2848- deCheveigńe,A.(1997c).

III:Aneural cancellation,"

Soc.Am.101,2857-2865.

Demany,

L.,andMcAnally,

K.I.(1993).

perception andinwide modulations," submitted toJ.Acoust.

Soc.Am.Ellis,

D.(1996),

"Prediction-dri vencomputational

MITblished

Geisser,

S.,andGreenhouse,

S.W.(1958).

"Anextension ofBox’s ontheoftheFdistributi oninmultiv ariate analysis.,"

Ann.

Math.

Stat.29,885-889.

Kashino,

M.,andHirahara,

T.(1995).

"How talkers canwehearProc.

ASJAutomn meeting

(inJapanese),

467-468.

Klatt,

D.H.(1980).

"Softw areforacascade/parallel synthesizer,"

J.Soc.Am.67,838-844.

Lea,A.(1992), ofvowelperception,"

Nottingham

Marin,

C.,andA.,d.C.(1997).

"R̂oledelamodulation defŕequence danslaśe-devoyelles.",

SFA,

.Marin,

C.,andMcAdams,

S.(1991).

"Seg regation

II:Ef-ofspectral tracing, coherence, andfrequency width,"

Soc.Am.89,341-351.

Melling er,D.K.(1991),

"Eventformation andseparation inmusical sound,"

Stan-

Center forcomputer research inmusic andacoustics

McAdams,

S.(1984),

"Spectral fusion, spectral parsing, andtheformation ofau-imag es,"Stanford

S.(1989).

coherence,"

Soc.Am.86,2148-2159.

McKeown,

J.D.(1992).

"Perception vowels:Theeffectofvarying elevel,"Speech

Communication

11,1-13.

Rosner,

B.S.,andPickering,

J.B.(1994).

"Vow elperception andproduction,"

Oxford ersity

Press.

Schef fers,M.T.M.(1983a),

"Sifting vowels,"Groning enunpu

Summerfield,

Q.(1992).

"Roles andcoherent modulainauditory grouping," in"The ofspeech:

toords,"

Edited byM.E.H.Schouten,

Berlin,

Mouton deGruyter,

157-166.

Q.,andCulling,

J.F.(1992).

oices:

absence ofeffects ofFMorAMcoherence,"

Phil.Trans.

R.Soc.Lond.

B357-366.

Q.,andCullin g,J.F.(1992).

"Periodicity ofmaskers nottargetseaseofperceptual fre-Proc.

124th oftheASA,

2317(A).