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Abstract

Tha ability of listenars to recover spacch information, daspite dramatic articula-
tory and acoustic assimilation betwesn adjacent speech sounds, |z remarkabie snd
central to understanding perception af fluent speech. Lindblom [J Acoust Soc. Am.
38+ 17739-1781, 1953] shared with the fiald some of the most competling early dessrip-
tinng of e acoustic effests of coarticulation, and with St ddari-Kennedy [J. Acoust
Soe. Am. 42: E10-843, 1967| provided percaptual data that resssein cantral 1o theoriza-
fian hout processes for percaiving coarticulatad speech. In years thet followed,
hypotheses by others that have intanded to explein the ability to meintain perce ptual
constancy daspite coarticulation have relled in some wey or anathar upan relativaly
cpralled raference to speech articulation. A number of naw findings are reported here
that sugyest general auditory processes, not &t all specific to speech, contribute gig-
nificantly to perceptual aceammodation of coarticulation. Studies using monspeech
flanking energy, capturing minimal gpactral aspects of speech, suggest simple
processes (that can be portrayed as contrastive] serva 1o ‘updip’ assimilative effects
of coarticulation. Deta frem nenhuman animal subjects auggest beosd generality of
these progasses. At @ more mechanistic explanatory igval, peychoacoustlc and neu-
rophysinlogicsl data swggestive of wrdartying sansory and neural mechanisms are
presented. Lindhlom and Studdest-Kannedy's earky hypotheses about the potential
far such machaniams are revived and supportad
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Intradusction

‘Lack of invarfance” between phonemes and ottritutes of the acoustic signal poses
a central dilemna in undesstanding the nature of speech perceptian The proflem is that
these seem to exist few (or no) uniary attibuies io the acoustic signnl tat uniguely
spesily particular phonemes. The primory citlpeit of the acoustic voriabiliey across pro-
ducticns of n given phoneme is coaiculadon - the spatial and temporil overlap of
adjacent articulatory activities
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The infiuence of coarficalation is reflected in the dcoustic signal by ssvere context
dependence. Lindblom [1963] documenied cne of the earlier and most influenial
demonstrations of context dependence in spesch scoustics in an investigation of the
influence of consonant comiext on vowel spectra. The acoustic patierns of vowels are
affected by coarticulation with adjacent consonanis such thit farmant frequencies may
diverse congiderably from pasierns of isolated vowels Lindblom [1963] found that
second formant (Fx) frequencies of vowels in [bub] snd [brib] context were cignificantly
lower in frequency then productions of the sime vowels ([v] and [1]) in isolation,
wherens vowel Fy [requencies were higher in productions of [dmd] and {did]. In exch
comtent, Fy fiaquency of the vowels was shifted away from the Fa frequency observed
for the same vorwel in jsolztion and weward the frequency of - for adincent consonants
{lower for [BVE] and higher for [dVd]).

This example of coustie contzxt dependence comsequent o coarticulation i Typ-
cal of many observations of acouslic ¢ffests of conticulation that have followed Lind-
blom's early ohservations. In peneral, cosrticulation is the compromiss berween where
articolators have been and where they me going in connected speech [Stevens and
House, 1063 Ohman, 1956 Mann, 1980) This is eflecied as assimilation in the
acoustic paesns of speech. As o resub of coarticulation, the scoustie realization of &
particular phoneme can vary substantially scross phonetic contoxl, always in the direc-
lion of neighboring sounds. Such effecis can he draratic. Lindbbons [ 1963], for exam-
ple, reported Fa frequency devintions as groal 25 0% for @ single vowel articulnted
across saveral consomnant conbexls

The shilily of listzners 1 recover speech information despils 1his dramatic contest
dependence is central w onderstonding speech perceplion. In the laboratory, this capac-
ily hag besn indexed by observing peiccplion of ctheraise identical spesch 1okens in
different phonetic comests. Far example, Lindblem and Studdert-Kennedy [1967]
examined perception of consonant-vowel-consonant (CVC] syllables nsing three syn-
Uetic vowel series. The firsi consisted of a steady-siate serics varying percepiually
from [o] to [1] via manipulation of Fy frequency The second and third seties weard com-
prised of these same vowels, identical in midpoint formant frequencics, embedded in
[wVw] and [{¥j) contexts'. Recall that, relative 1o F frequencies of isslated vowels,
Lindblom [1963] observed lower Fy formant frequencies for vowels produced in [BV0]
context and higher vowel Fag in [d%d] context.

Complementary to Lindblom's [1963] measnnes of production, liskenes perceived
more syllables as (1] (with lower F frequencies] in the [ww] context, and more a5 [43]
{with higher Fy fraquencies) in the [j¥j] contest [Lindblom and Studdeni-Kennedy,
1957]) Meighboring consonant conlext influeneed vowel pereapiion in a fashion com-
plementary 10 the assimalative cifects of coarticulation. These oft-cited findings have
since been extended by Mearey [1989], wheo found the same paliem of resulis for [BYh]
and [dVd] syllables and vowel sounds ranging from [o] 1o [a] and from [a] to [e]

Examples of peroeptual accommodation of coarticalation have been documented
arsoss @ wide varicty of other phonetic contexts including identification of stop conba-
nants and fricatives [eg Mann, 1980; Monn and Repp, 1980, 1981; Repp. 1983]. In

| Thesse stimuli were very similar o those Lindblom [1963] had explored sssliesr o dhai |kl ansomm oG
(Vh] and [wWw]} Fave lower Fy oness thzn do pobaroalveoiar comes (o, BVH] a0l V1F Asousizelly. the
mein distinetion berween stops [h. &) and seedvowels (e, ) lis in he rote af chenge of formant 1ransiioss:
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these smdies, 1o, perception adjusts in @ divection opposite that of comrticulatory
assimiilation

How is this accomplished? Lindblom ond Smeddert-Kennedy [1967] offened sov-
eral potential thearetical inerpretations of their resulls They nated that thewr data were
congenital (o aniculation-based thecsetical perspeciives like Meter Theory [Liberman
el al., 1957] and Anadysis-by-Synthesis [Stevens and House, 1963; Stevens and Halle,
1067] Tn muost later examinations, outhoss have interpreed their duti more cotegor
ically us evhdence that eontext eflects in speech perception orghsce in properties
af speech distinel from its ouditory chuacleristics [¢2 Mann, 1980; Repp, 198
Williams, 1986: Fowler et al , 19907 The thaogaticol thrust of these accounts, whether
embedied by modular processes [Libesman ol o, 1957, Liberman and Buitingly,
1583}, Direct Realisy emphasis on distal events [Fowdder, 1986, 1996], o relerence o
tacit knowledge (Repp, 1982, 1983], suggests mechanisms of speech pesceplion inli-
mmately Tinked with speech production

Evidence for General Auditory Processes

Hunran Listeners

Lindbbom and Studdes-Eennedy [1967] devoled most of thedr discussion io
poiential explanations in terms of general auditary processes A nervber of new find-
inge deseribed below suggest that this cmphasis wes well-wenanted ond prescient
Gieneral audilory mechanisms appear fo coatribute significantly o percepual acoom-
modotion of coarticulaion. The first line of evidence involves close carrespondence
berween effects of neighboring speech and nemspeech conlext upon speech perocp-
lion. These studies have used nonspeech fanking cnergy, capluring minimal spectral
aspests of speech, to probe the relative specificity of context effects in specch percep-
tion. Hoft et al. [1996] used this method to examine the effect of coniext observed by
Lindblom snd Suddert-Eendedy [1967]) Two sets of stimuli were constucied The
fist set patierned thoss of eadier studies [Lindblom and Studderi-Kennedy, [967;
Mearey, 1089] Synthetic speech stimuli varied perceptunlly from [bab] to (beb] and
[¢tad] to [ded]. Along these series, each stimatlus step incrensad in vowel Fy frequency,
rendering a ehange in pesceived vowel identity from {10 [£]. The primasy distinetion
hetween [bYVE) and [dVd] seres was frequency of F; onset and offset For [bVDB]
stirnisli, F; onset and offset wos relutively low in frequency (R0 Hz), whereas for
[dvd] stirmuli, Fy was highes (2270 Hz). Pseudo-spectrograms ilstrane these stimuli
ini figure |

A pair of hybeid nonspeech-speech stimilus series, comprised of glide-vowel-
glide stimuli, also was constructed. The vowel scpment was created wsing synthesis
purameters Identical i those wsed to create the midpoint of the CVC speech stimuli
The critical dissinction waos that, for these hybrid stimuli, nonspeech freguency-maodu-
Jated (FM) sine-wave glides, instzad of conscaznt wransitions, sesved as flanking con-
text These glides modeled only the trajectory of By centes frequency for transitions in
e speech stimuli. Although nonspeech glides shars minimal spectral qualities with Fz
mansitions of CWE stimuli, they fall far shodt of perceptual or acoustic aquivalence
Woiced speech sounds possess rich hormonic stnacturs with energy af gach multiple of
the fundamental frequency {Fg) The FAI glides, in conteast, had energy only ai the
neminad Fy center frequency, with no fing hurmenic stractuns and ¢0 cnergy mimicking
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Fig. 1. CVC series endpoints Represeniative pseuda-specirograns of Holt ¢ al [1996) stimets-
series endpainis The top row (8, B eepresents (V] stimuli The kotiom raw (e, ) shows [dVd] end-
poinis The left calumn (8. €} coresponis 1o Jow=Fy ([4]) stimubas endpoinis and the right cohams
(b, e} depicts high-Fy ([e]) emfpoints Ebgh imsermediate simuli (not shows), with Fy midpoaint fre-
ipaency (Bcressing in 30-Hz steps, comprised the rermainder of the (bVh] znd [dVd] series

F, or Fy. In addition, ferrmant tansitions of speech stimuli ore oot much ke FM ones,
because component Mrequencies of speech do not vary (at constant Fg). Instead, relative
amplitades of harmonics change with clanging shapes of the spectal envelope. Given
these differences, simple FM plides copture only minimal spectral chameleristics of
encrpy in the region of Fx Mevertheless, deta from this experiment provide evidence
that these minimal similarities are sufficient 1o elicit similar context effecls on vowel
percepLion.

Pasallel to the resubis of Lindblom and Studdert-Kennedy [1967], histeners” vowel
identification in CVC context was shifted such that, in the comext of [dVd], vowels
ware aore often identified as (4] In the comest of [bWh], vowels were sdentified more
often as [e] Remarkably, these results with speech were mirmored when energy adje-
cent to vawels was simpla FM glides. As shown in figure 2, listeners Jabeled vowels
flanked by glides modeling ¥y of [b%b] more ofien as [g] than they did the same vowels
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Tanked by glides modeling Py of [dVd]. The correspondence of speech and nonzpeech-
speech fybeid context effects suggests thal gerecal auditory processes coniribute (o
percepiual accommodation of coariculation.

In order 1o evaluate whether listeners were somehow interpreting flanking energy
as speech, Holsctal [1996] conducted anoihar study in which listeners were asked to
identify flanking glides as [b] of [4] Listeners were near pesfect when asked o label
consorants of speech CVCs However, when complying with the unusual request lo
label B glides s consanants, listeners varied in the exteat 1o which they wers consis-
tent in Jabeling glides as [b] or [d] Some consistently labeled glides ‘backwards’
(descending glides as [b]), while othars consistently labeled descending glides as [d]
Some lisieners were consistenily inconsistent in Inbeling Mo matter how lisieners
labeled FM glides, there was no correlation between labels and vorwe] identification.

The effect of nonspeech contest generalizes o other phonelic contexts. For VCVs
sich o= libal, Tidz], [uta), and [uda], initia] vowel comext (i or [u]) cxcnts consider-
gble influence on the perception of the [ollowing consonant (6] o [dj}. Based upon the
sesnlis with CVCs, Holt [ 1999 predicted that FM glides mimizking only F of natu-
raily produced [i] or [u} would elicit effects o perception of o [ba] to [do] series like
that Found for preceding [i] and [u] As was the case for CVC contexts, preceding FM
elidhes produced o significant shift in vowel identification in the same direction as full-
formant vowel simuli despite an intervening silent interval corresponding 1o vocal
iract closure

Sirmilarty, Losto and Kluender [19598] examined (W CV] disyllables. Perceplicn
of o serics of ©Vs as [da] or [ga] can be aitersd by the presence of a preceding Y0
[Mann, 19801 When listeners identify members of a synthetic speech series varying
acoustically in Fy onset frequeency and perceptually from [ga] to [da]. listeners report
mose [2a] percepls when the CV is preceded by the YV (1] Conversely, listenars iden-

174 Pamactics G717 160 Hode Kluerder



iify the same stimuli mote often os [da] when following [as] Lono and Kloender
[1995] demansirated that sine-wave FM glides modeling Fy transitions of [al] or [ar],
and even conslant-frequency tones sel at Fy offsel frequencies of [al] or [ar], induced
the same pattern of [da]-to-[ga] identificatien responses as did natural and synthelic
speech tokens of [al) and [ar] The effects of nonspecch context have thos been demon-
strated For vowels in €V Cs and well as for consomants in ¥CWs and VOOV

Nowhmar Animal Listemers

Finally, znother line of evidence demonsirates tha these effects extend across
species. Loto et al [1997] rained Jopanese quail {Corimiz conemiy fapoica i peck
al a lighted key in response o endpeints ¢f the same [da] w [ga] sedes osed by Latlo
and Kluender [1998] Bids trained to peck to [ga] pecked most vigosously 1o novel
inermedinic members of the [de]-to-[ga] seaies that were preceded by [al]. Corre-
spondingly, quail ieained to peck to [de] pecked most robusily when nevel stimuli were
preseded by [ar] Japanese guail exhibited ehifis in responses contingent upon Vi like
Usoee found For identification of CVs by human Jisteners . Considering that quail should
have hod no selective pressure to develop specialized mechanisms for processing
human spesch, these dain suggess bioad penerality of the responsible perceplual
processes In eddition, quail had no expericnce with coasticulated speech, 50 behavios
cannot be explained based on learned covariance of pooustic atiribules of conticulated
speech Similar 10 this notion of experience playing & role, Lindblom and Stwddert-
Kennedy [1967] noted the potential contribution of ‘expeciancy” in perception of codi-
tentated speech; although, they did not faves such an explanation Based upon the
quail findings, 11 & safe 10 conclude thay, while experience with coditiculated speach
could play a role (see “The Robe of Leaming'), il 15 ol a pecessary condition General
perceptual processes, extensive anough to he in fosce for avian subjects, appear suffi-
cient to elicit elfects of context in spesch parcepion

Ecology of Sound-Producing Sources

Taken topether, these multiple lines of evidenee suggest that some genesal prop-
etty of spectral processing in the ooditery spstem contributes signifieanily 1o pereeptusl
compensation of coarticalation Tn light of the cross-species correspondence in percep-
fion of coatticulated speach, one may be encovraged 1o consider perceplal processes
quite generally Most broadly, onc can begin considering perceplion of speech and
ather paditory events with on appreciation for the ecology of sound-producing sparces
Percepiunl systems must operate in accord with physical regalasities in the environ-
ment ost thearists (vision and other senses included) assume that perseptual sysiems
are not general signal anzlysis devices Insizad, they evolved Lo use information as it is
siructured in the world. 1f one desires 1o biing general principles of suditory perception
to bear wpon speech perceplicn, one musl begin 1o Wik about general physical prnci-
ples that structure the suditery world

In this case, general principles with respect 1o physical consiruinis on soond-pro-
ducing devices — and presumed 10 have shaped the evolwion of auditory syslems - may
ke exiended o the voeal fract ac o sound sousee At a minimm, there must be ot least
an abstiaet acecrdonce between the process of perception and the ecology of sound-
produsing sources. For perception of speech and other acoustic events, principles that
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govern @ listener's maintenince of o cohesive auditory waorld must be in agreement
with (though not strctly ismorphis 1o) principles tht govern output from sound
spurce, and peneral constraints wpon sound-producing events (spesch articulation
being one ezamgle) should be approximated In the operation of sensory processes
{Kluendar, 1991; Lowo et al, 1997] This view is roughly consistent with Roger
Shepard's [1984] theory of internalized constratnis he calls ‘psychophysical comple-
mentarly’.

What can one say, gencrally, about the ecology of sound-producing sources? It is
known that most wardly physical structures, in contrast w elecironic gadgats, produce
sound that can change only so muoch so fast Due to inertia ond mass, physicol gystems
tend 10 he assimilative. The configuration of a system a1 time ¢ is signilicomly cor-
stralned by fis configurtion at time ¢~ Connected speech follows this puttems

Perceptual Contrast

Maar generolly, an effective way to ‘neutralize’ nssimilarory effects i5 percepiunl
coptrast. One frequentdy cited example for sudition is frequemily contrast [Cathcant ond
Dawson, 1928, 1929, Christman, 1954]. One sound is percsived as higher following a
sound that is lower, and vice versa Effects of adjacient [B] and [d] in CVCs are consis-
13 with @ contragl aceount, os listeners report more pereapts of [2] (higher Fz) anked
by lower-frequency [2] end more percents of [4] flanked by higher-Gequency {dl [Hal
ot al, 1006]. Similarly, listeners are more likely to report hearing (4] (higher Fz) fol-
lowing [u] (lower Fy), and [B] following [3] [Halt, 1999] Finally, for effects of [al) and
[ar] on percepiion of following [da] or [ga]. o the exent that frequency composition of
the offset is higher (Fy for [al]), listeners an: mose likely to report heating [ga] (lowes
[y emaet frequency) and viee versa [Loo and Fluender, 1958].

For all the examples ebove, and for oll reported cases, the in fluence of coartic-
ulation s assimilative, and contexs effects in spesch perception can be depicted 25
contrastive. A general mechanism of perceptual contrast may serve as o vahsable ool
in mainteining perceptual conglancy across conext dependence prodiced by soumnid-
source sesimilution. Contast n isell, however, 5 2 designotion that dees nol implicatz
any specific suditory mechanism{s). Across perceplual modalilics, contmst B oan
irpartant mechanism for exagperating differences berween neighboring objects and
gvents The hest-known examples are in the visual domain: enhancarment of edges po-
duced by latern] inhibition [Hartline and Ratliff, 1957], lightness judgments [Koffka,
1935], judgment of line orentation [Gibson, 1933] Context effects in behavior are as
varied o tempo of behavior [Catheart and Dawson, 19281574, weight lifiing [Guoil-
Ford aipd Park, 19317 Mechanisms of contrast exist for every perceptual modality [von
Bekesy, 1967; Warren, 1985] Across domains. contrast is 2 familiar ohservation of
mechanisms that serve 1o cxaggerae change in the physical stimules and to maintain
an optimal dynemic range. Pereeptual contrast, in this cass spectral contrase, may play
an important role in pescepdion of coarticulated speech
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Relationship to Psychoacoustics and Auditery Newrophysiclogy

However alluring the broad concept of contrast may be, its ubiquity betrays Uhe
fact that it falls short as a rigesous explanation. Forunately, there exisl precedenis in
auditory perception that lend both greater precision 1o the construct and reveal patential
explanation in underlying processes. Al least onc ¢lass of psychoacoustic findings,
known collectively as ‘auditory enhancement”, bears note for its similarity o the
present findings Audilory enharcemont refers, generally, lo the ohsesvation that if
anc member of o set of equal-ampliwde harmonics is omitied and then reinoduced, it
stands cal perceptually from the rest of 1he components. Mest relevant io the present
data, Summerfield et ol {1984, 1987] hove related audimory enhancerment 1o specch
perception

Whien a wniform hormenie spectrum composed of equal-amplitade harmenics s
preceded by o spectrumn complementary 1o a particela vowel (with troughs replacing
formants and wice versa), listeners report hearing o vowel during presentation of the
unidorm spectrum [Summerfield et al., 1984] Moreover, the vowel percepl is appropmi-
ate Tor 3 vowel with formans ot froguencies where there wese roughs in the preceding
spectrum. [na similar vein, 2 uniform harmonic Spectim precurson intensifies peicep-
tiom of vowels defined by very modest formants of 2-3 dB [Summerfield etal, [1987])
Eor ench of these cases of auditory enhancement, results may be described as contrast
hetween two complex soands. The spestral composiion of a preceding auditory stimu-
lus shifts pereeption of o following stimulus such thal frequenches sheent in the precur-
sop e enhanced relative (o (requencies reprosented in the speciral makeup of the pre-
eursor. Casl in this way, these findinas are strikingly similar o effects of comext upon
vowel identification reparied here Speech and ponspeech-speech hyboids modeled
nfter [AVd] {which have predominantly high-frequency Fx composition), for example,
generste more low Fi frequency vowel idemifications {[a]) This percepial shift
ic toward frequencies less well represented in adjscent consonams and nanspesch
analogues.

Maural adaptation or adaptation of suppression may serve w enhance changes in
spectral regions whese previously there had been relatively linke energy. As with so
many othes cenurzl issues for speech perception, Lindblom and Sinddert-Kennedy
(1967, p. B40] were abead of thelr lime in noting b goine effects of poousic context
can be ‘exemplified for inswance by aduptation and faligue’. Although adaplation, thus
far, has besn exploted caly in service of explaining auditory enhancement effects in
pavchoscoustic studies, thera 35 great polential for extension to speech as Lindblom and
Sinddert-Kennedy [§967] conjectured . Delgutie [1996] and Delgutte e o). [1996] have
established o case for a brond role of adaptation in perception of speech, Aoting that
adaptation may enhonce spectial contrast berween sequential speech scgments. This
enhancement is progosed o arise because newons adapted by stimulus componenis
specirally close o their preferred, or charscieristic, frequency me relatively less
responsive W subsequent enerzy at that frequency, whersns components nol presest in
a prioe siimulus ore encoded by more responsive unadapied neurons

Hien, arguments that effects in spesch perception orise from ‘genesal auditory®
processes are laken zs sugaesting that such mechanisms must be peripheral If, by
periphesal, one mens 1o imply that mechanisms exert their influence in the suchlen of
at the level of the auditory nerve, then this is 2lmast cenainly false for the case of con-
text effects in speech perception. Evidence in other stimulus paradigms suggesis that
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muoe central regions of the audilory system are [ikely involved Effects of context
maintain for dichotic peesentation, und the inflsence of preceding epectial energy on
speech identification decays gradually over a time-courss that extends into handseds of
milliseconds [Lotto, 1906; Holt, 1999]. In addition, peuropysEological investigation
of these effects has bome Little evidence of neural encoding of speech contest effects or
auditory enhancement o the level of the avditory nerve (Palmer ol al, 1995, Holt and
Ehode, 2000] The mechanisms appear to have a mose ceniral arigan.

1t appeats that more than 30 years ags, Lindblom and Siuddert-Kennedy [1967]
were well alead of their time. Recent Brdings described above are consistent with their
experimental precedents, and their auditory hypathesis appears secuse, supporied bat-
ter than ever by psychoocoustie and nearophysiolegical findings. In contrast o inter-
vening theerization, general percepiual mechanisms of speciral contrast play a substan-
tial 1ol in compensating for contex-dependent paitesns of CVC enaraculation

The Role of Learning

The implication of geneial auditory processes showld not be taken Lo suggest that
there i no more 1o pereeptual nocommedation of coanticulation. Bt is not being clabrmed
it spectral contrast serves o explain all perceptual accommuodation of pcoustic con-
sequences of coarticulation. The clearest coumeresamples are instances for which per-
ception of preceding sounds is affested by following sounds, e g [al] to [ar] preceding
[] oe [5] Mann and Repp, 1981]; (0] w [i] preceding [d] or [g] [Ohala ond Fedes,
L994], [ 110 [5] preceding [a] or [u] {Mann snd Repp, 1980] Althouph backward con-
brist efTects sbound in stdies of visual perception, these is nothing in our present
undessianding of auditery reurophysiology that suggests thot nedaptation and suppres-
sion exert such effects.

Asiide from auditory processss, sxperience with speech also is likely to play o sig=
nificant role in perception. Lindblom and Stdderi-Kennedy's [1967] considerntion of
‘expectancies’ may also wear wall with time. In coariculated speech, owing to artice-
lntory consieainis, there i5 a stang correlation between the acoustic properiies of pre-
ceding and following sounds . In general, when one considers pereepiual keamning, it is
conceptualized In lerms of perceprual systems coming to ‘empect’ this correlated stroc-
ture though superience with such strieture. By way of conciele exnmpbe, with experi-
eqe, listzners ‘expect” [2] to have lowered frequencies following [b] such that, when
judging stimuli varying along a continuum from [4] to [£], listeners are mone likely to
repoct hearing [g] following [b] Coaniculaton yickis muliple covarinnees in the sig-
nal that are arderly in 25 moch as they reflect dependable regularities n physical con-
siraints upon arteulators

Learning Is precisely about behovior coming to retlect covarying sspects of the
covironmant. Holt et al. [1999] reeatly repotted results from two studies using Japa-
nese quail and chinchilla { Chinchilln foninger) 1o investizate the role of Fyon percep-
tinn of volging for stop consonants. Human lisieners are moere Jikely 1o pereeive stinmuli
with higher Fy values as volceloss = o pastern that folliws regularities b production
[e g Chistovich, 1965, Hazgard et al, 1970; Fujimara, 1971; Whalen ct al, 15931
Some investigators [Kingston and Dichl, 1994] have sugzested that higher Fy values
enhance perception of voieslessness by exploiting suditory predispositions. A second
hypothesis is that this perceptual pateen asises due 1o ex perience with FyVOT covari-
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ation in production. The fist ypothesis was Lested using chinchilla rained to respond
differentially 10 stops depending upon whether the slops wese volced or vioiceless,
Absent expesience with covariation between Fy and WOT, there was no effect of Faon
respanses to novel stimuli with intermediste V0T Tollowing waining . In o second
experiment, thres groups of Japanese quail were trained 1o respond differentially w
voiced versus voiceless slops in conditions with three different patierns of FaNVOT
covariation. In training, VOT and Fy varied in the nateral patiem {(lorger VOT, kiigher
Fy), in an inverse pastern (longer WOT, lower Fg), or in a random pattern (Fp and ¥OT
unconelated] When tested on simuli with intermediate values of VOT, the thind group
of quail (no comelation) replicated the chinchilla resulis ith no significant effect of Fy
For (e tlier groups, tesponses [ollowed the experienced pattern of covaration. These
data highlight the polential importance of experienced covariation in spesch percep-
tion Such findings do not depreciats the importance of contrast procesies in perceplion
of eoapticulated speach, bul they serve as reminder that there is likely mors 1o ihe full
explanation

Conelusion

In elesing, it is appropriate that Lindblom and Stdden-Kennedy [1967, p 842]
gt the last waord: T is worlh reiterating. {hat mechanisms of perceplual analysis
whose operalions coniribute 12 eahancing contast in the above-mentioned sense wr=
precisely the type of mechanizms thal seem well suited to their purpose given the fac:
that the slerred and sloogish manner in which uman spesch soand stimuli are often
penerated tends 10 reduce risher than sharpen ennirnst.’
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