Challenging the notion of innate phonetic boundaries
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Numerous studies of infants’ speech perception abilities have demonstrated that these young
listeners have access to acoustic detail in the speech signal. Because these studies have used stimuli
that could be described in terms of adult-defined phonetic categories, authors have concluded that
infants innately recognize stimuli as members of these categories, as adults do. In fact, the
predominant, current view of speech perception holds that infants are born with sensitivities for the
universal set of phonetic boundaries, and that those boundaries supported by the ambient language
are maintained, while those not supported by the ambient language dissolve. In this study,
discrimination abilities of 46 infants and 75 3-year-olds were measured for several phonetic
contrasts occurring in their native language, using natural and synthetic speech. The proportion of
children who were able to discriminate any given contrast varied across contrasts, and no one
contrast was discriminated by anything close to all of the children. While these results did not differ
from those reported by others, the interpretation here is that we should reconsider the notion of
innate phonetic categories and/or boundaries. Moreover, success rates did not differ for natural and
synthetic speech, and so a minor conclusion was that children are not adversely affected by the use
of synthetic stimuli in speech experiments. 201 Acoustical Society of America.
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I. INTRODUCTION thetic stimuli, across a range of contragtsg., Eilerset al,
1982, 1977; Kuhl, 1979b; Moffitt, 1971; Morse, 1972,
In 1971, Eimas, Siqueland, Jusczyk, and Vigorito re-streeter, 1976 Although not investigated as frequently, evi-
ported that one- and four-month-old infants could discrimi-gence was also found to support the second of Eigtag’s
nate between two synthetic stop-vowel syllables that differedes s, that infants fail to discriminate within-category
along an acoustic dimension associated with the voicing Oécoustic differences. Unlike the between-category experi-
initial stop consonants. The voicing of initial stops is usually a5 this kind of test can be conducted only with synthetic
described by voice onset infgOT), which is the start time 4, i \When stimuli differ by the same acoustic distance as

0[. vkocal-ledAk;/ ibration ;%Iag;e to the Ireleasfevg_rc_lo;urea between-category pair, but both fall within the same cat-
(Lisker an ramson, 19§4Positive values o indi- egory, infants fail to discriminate therte.g., Aslin et al,

cate that vocal-fold vibration started after the release of clo-

sure, while negative VOT values indicate that vocal-fold vi- 198#%5';2?6"”19;& ' dilfggf infant speech perception led to the
bration preceded release. The acoustic correlate of VOT y P b b

manipulated by Eimast al. was F1-cutback, which is the ;’(\;'det%sgt?frgggn\gzgegh?;rlrgﬁ‘?;sn alrjzéag;n Vtvrllt: Sﬁ;\i‘:g;les
time of first formant £1) onset relative to the release of P g N

closure. As with English-speaking adults, these infants Weréet)' Expgrience listening to a native_ Ian_guage during the fi_rst
found to discriminate between stimuli with VOTs 620 ms ~ Y&&r of life, the theory holds, maintains those boundaries
and +40 ms. These VOTs placed the syllables on opposit§tPPOrted by the ambient language, and causes those bound-
sides of the phoneme boundary for English /p/ and /b/. Whe@"1€S Not supported by the ambient language to dissolve. This
a 20-ms difference between syllables was used that placefi€W Of perceptual development is what Aslin and Pisoni

both stimuli on the same side of the phoneme boundary\1980 call a “universal” theory. Reviews of the work sup-

infants failed to discriminate between them, as adults fail td°0rting this theoretical position are numerolesg., Eimas
do. From these results, Eimas al. concluded that infants €t @l, 1987; Jusczyk, 1995; Kuhl, 1979a, 1987; Morse, 1985;
are sensitive to the acoustic dimension that defines aduMVerker, 1989. Even if only by default it has become the
voicing categories, even before they have experience witRrédominant theory of infant speech perception.
language. As early as the 1970s, however, there were a few dis-
That report sparked a great deal of research over thérepant findings that presented some challenge to the intran-
next two decades investigating infants’ capacities for speechigent nature of the speech processing mechanism suggested
perception. The collective conclusion of these many studieby this model. First, it was found that some phonetic con-
was that infants approximately nine months of age oitrasts were discriminated more readily than others by infants.
younger were able to discriminate virtually all phonetic con-For example, Holmberegt al. (1977 counted the number of
trasts presented to them, regardless of whether or not thgals required for 6-month-olds to learn to discriminate pairs
contrasts were in the infant’s native langudgeg., Werker,  of stimuli. Using a criterion of eight correct responses out of
1991). This result was demonstrated with natural and synten consecutive trialghalf change and half no-change
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Holmberget al. reported that it required 64 trials, on aver- suggest that rather than there being innate phonetic catego-
age, for 6-month-olds to meet the criterion for /f/ verstls / ries that line up with the categories of specific languages,
but only 33 trials, on average, for /s/ versis Similarly,  perhaps there is a “language-general categorization of
Eilerset al. (1977 found that infants were able to discrimi- speech information”(p. 56). According to this view, the
nate some contrasteut of the ten presented to thgnbut  ability of the infants in the Laskgt al. study to discriminate
not others. the English voicing contrast, but not the Spanish, can be
Even when infants were found to discriminate stimuli, explained as evidence that the English voicing contrast
responses were not always strictly categorical. For example&omes closer to infants’ innate perceptual boundaries than
Eimas and Miller(1980 found that 2- to 4-month-olds were does the Spanish contrast. Kuhl proposes a model in which
able to discriminate synthetic tokens located on the same&acoustic space” is linear at birth, but the regions around
side of a /b/-to-/m/ boundary better than would be expecteghhonetic boundaries become warped as a result of language
if perception was strictly categorical. Furthermore, evenexperience during the first six months of lit€rieser and
when responses were of a categorical nature, categotguhl, 1989; Kuhl, 1991, 1993 These variations, however,
boundaries did not always appear where they would be exail to contradict the basic tenets of the universal theory. The
pected. For example, Laskst al. (1975 investigated the predominant view continues to rely on notions of innate,
abilities of infants in a Spanish language environment to disuniversal boundaries as the starting point for human speech
criminate three voicing contrasts for syllable-initial stops.perception, with some form of loss as the main mechanism
One contrast placed stimuli on opposite sides of the Spanistor developmental change.
VOT boundary: —20 ms versus+20 ms. Two contrasts The purpose of this brief report is to encourage recon-
placed stimuli within a Spanish voicing category60 ms  sideration of the “universal” theory as it applies to infant
versus—20 ms VOT and+20 ms versust60 ms VOT. A speech perception. The experiment reported here evolved
particularly important manipulation in this study was that thefrom efforts in this laboratory to extend findings and hypoth-
+20 ms versust+60 ms contrast placed stimuli on opposite eses concerning the speech perception of children roughly
sides of the English VOT boundary. The infants in Lasky33 to 7 years to even younger listeners. This work has shown
et al’s study (ages 4 to 6 monthg discriminated this con- that, at least for some phonetic distinctions, children in this
trast, even though it was not in their native language. Theyge range weight the various acoustic properties upon which
also discriminated the-60 ms versus-20 ms contrast, even phonetic decisions are made differently than adult<Nit-
though both of these stimuli fall within the Spanish voicedtrouer, 1992, 1996; Nittroueet al, 1998, 2000; Nittrouer
category. In fact, the one contrast they failed to discriminateand Miller, 1997a, b; Nittrouer and Studdert-Kennedy,
was the—20 ms versus+20 ms, which crosses the Spanish 1987. This finding has been corroborated by othés.,
voicing boundary. In spite of these seemingly contradictoryGreenlee, 1980; Krause, 1982; Morrongieko al, 1984;
findings, however, the notion of innate phonetic boundariesarnell and Amerman, 1978; Wardrip-Fruin and Peach,
has persisted. 1984, who also report that when making the same phonetic
Of course, descriptions offered by various authors differdecision, children, compared to adults, pay more attention to
somewhat, particularly with respect to whether the focus isome acoustic properties and less attention to others. Com-
on the boundary or on the contrast. For example, Jusczykining these two general findingghat infants are born with
(1995 writes “Findings of this sorfas those described at innate phonetic boundaries and that children weight acoustic
the outsethave led to the view that infants are born with the properties differently from adults in making phonetic deci-
capacity to discriminate contrasts that could potentially apsions led to an apparent contradiction: If indeed infants are
pear in any of the world’s languages. Experience with lan-born with capacities to recognize all the phonetic contrasts in
guage appears to have its impact by getting the infant toheir native languagéi.e., the mechanism of maintenance
focus on those contrasts that play a critical role in distin-alone accounts for their presence into childhpdww is it
guishing words in the native language(p. 269 Similarly  that differences in phonetic decision-making are observed for
Best(1999) states “Current findings suggest that infants be-children and adults? The hypothesis that emerged was that
gin life with language-universal abilities for discriminating perhaps infants’ discrimination abilities are based on differ-
segmental phonetic contrasts but that, by the second halént weighting strategies than those of adults. That is, even
year of life, listening experience with the native language hashough infants make the same discriminations as adults, the
begun to influence the perception of contrasts that are norway that they come to make these discriminations could be
distinctive in the native phonological systemys. 168 Kuhl different. Thus efforts were undertaken to examine the rela-
(e.g., 1979b, 1980; Kuhl and Miller, 1982eminds us re- tive weighting of acoustic properties in infants’ phonetic de-
peatedly that an important component of any theory of innateisions.
capacities for speech-sound categorization must be a demon- The initial assumption was that infants would surely be
stration of similarity judgments for acoustically disparateable to discriminate the contrast of interest. Much of the
members of a category. Also, there have been various modwork examining developmental shifts in perceptual weight-
fications of the basic view. For example, Werk#994) sug-  ing strategies has been done using /s/-vowel vefswewel
gests that the loss of non-native boundaries may not be eontrasts, and Holmbergt al. (1977 showed that this con-
permanent loss, as originally thought, and that boundariesast is well within the capabilities of 6-month-olds to dis-
may differ in how long it takes them to dissolve. Jusczykcriminate. So that contrast was selected for use with infants.
(1998 specifically invokes the Laskst al. (1975 findingto  Quickly, however, it became clear that infants could not
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readily make this discrimination, even when all propertiesdB HL using either a visually reinforced headturning proce-
covaried appropriatel{e.g., when natural tokens were ugsed dure (infantg or play audiometrypreschoolers

As a result, other contrasts were introduced that were pre-

sumed to be even more discriminable: specifically, two Vowg  stimuii

els from the corners of the vowel triangle and a VOT con-

trast. The focus of the study then shifted to examining the  All stimuli were digitized at a 20-kHz sampling rate, and
“universal theory.” low-pass filtered at 10 kHz.

A secondary goal of this work was to determine if in-
fants perform differently in their perception of speech when ] o
synthetic signals are used instead of natural tokens. This Five sets of natural stimuli were made. Two sets con-
question arose largely from concern expressed informa”@sted of stimuli that differed only in the vowel, eithen/s
(e.g., in manuscript reviewshat children may perform dif- Versus /sul orf&/ versus fu/. Because relatively stable re-
ferently from adults in tests using synthetic speech becaus@ons of spectral information signal these contrasts they
children have less experience hearing these signals. The irghould be readily discriminated. One set of stimuli consisted
plication of such statements has clearly been that childreRf Syllables with initial alveolar stops that differed in VOT,
perform worse with synthetic stimuli than they would with Ita/ versus /d/. This voicing contrast was included because
natural stimuli. Eilerset al. (1977), on the other hand, sug- it has a long and thorough history of investigation, dating
gested that perhaps infants perform better with syntheti®ack to the seminal work of Lisker and Abrams(¥964),
stimuli than they would with natural stimuli because there is2nd it is widely accepted that infante.g., Eimaset al,
no variation in acoustic properties across stimuli, save thd971 as well as nonhuman animals.g., Kuhl and Miller,
one on which the discrimination must be made. 1978 can make VOT discriminations. Two sets of stimuli

Finally, in addition to infants, children just 3 years of differed only in fricative place of constriction, db versus
age participated in this study. In earlier work we have testedi@/ and /su/ versusfu/. Much of the earlier work in this
children no younger thani3years largely because younger laboratory with 3- to 7-year-olds has focused on the fé/-/
children do not perform well on the labeling tasks used.contrast, and so we were particularly anxious to investigate
However, in addition to difficulty with the task, it has ap- this contrast with younger listeners. For each set, three to-
peared that some of the poor performance of children in thi&€ens of each syllable were obtained from the same speaker.
age range may actually be due to phonetic categories that aksing multiple tokens made it possible to present stimuli
more poorly specified for children than for adults. We with a roving standard and a roving comparison to ensure
wanted to explore that possibility with a discrimination task, that discrimination was based on phonetic change, rather

using just slightly younger children than in our labeling ex- than on changes in_ot.her, irrelevant acoustic properties. At
periments. the same time, restricting samples to those from one speaker

minimized factors that could interfere with the encoding of
speech by listener§lusczyket al, 1992.

1. Natural stimuli

IIl. METHOD

A. Participants 2. Synthetic stimuli

Two groups of children participated: 46 infants and 75 Synthetic versions of /su/ versysi/and /s/ versus fa/
preschoolers. Infants were between the ages of 6 and IMere prepared using a Klgtt980 software synthesizer. The
months. Several investigators have successfully used heafticative noises have been used in other labeling experiments
turning procedures with infants up to 14 months of égg.,  (Nittrouer, 1992, 1996; Nittrouer and Miller, 19973, had a
Eilers et al, 1977; Mooreet al, 1975, and Kuhl (1985  single pole, and were 230 ms long. The center frequency of
states that it is appropriate for infants between 5.5 and 1&e /s/ noise was 3.8 kHz, and the center frequency offthe /
months. Preschoolers were between 2 years, 6 months andh8ise was 2.2 kHz. Vocalic portions were 270 ms long, and
years, 4 months. All childrefinfants and preschoolgrarere  two portions were synthesized for each vowel: one with a
full-term births, with no prenatal or perinatal histories thatsecond-formantK2) transition appropriate foff//and one
would put them at risk for language problems. All children with an F2 transition appropriate for /s/. For the two /u/
lived in homes with English as the only language. Childrenportions, fundamental frequency() started at 120 Hz and
were excluded if they had a sibling or parent with a speech ofell throughout to an ending frequency of 100 Hz. Thé
language problem, or if they were not developing speech awas constant at 250 Hz, and the third formaht3] was
expected. Specifically parents were asked about two welleonstant at 2100 Hz. BecauB8 was similar in frequency to
recognized milestones, if the infant or preschooler was oldhe pole of thef/ noise, energy was present in this frequency
enough to have reached the milestone. Children must havegion across the entire syllable when tfienbise was used,
shown evidence of canonical babbling by nine months of agbut not when the /s/ noise was used. Stev&l®385 has
and must have started using two-word utterances by twsuggested that one cue to fricative identity for /s/ ver§us /
years. All children were free from significant histories of the amount of amplitude change in tR8 region across the
otitis media, defined as having no more than one episodroise/voicing boundary, and this cue was appropriately ma-
during the first year of life and no more than three episodesipulated here. For both /u/ portions2 fell through the
total. All children passed a hearing screening of the frequenentire portion to an ending frequency of 850 Hz. Faju/,
cies 0.5, 1.0, 2.0, 4.0, and 6.0 kHz presented free-field at 262 started at 1600 Hz; foffju/, it started at 1800 HZ.
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For the two &/ portions,fO started at 100 Hz, and fell Speaker
through the portion to 80 Hz. For bothu// portions, F1 /
started at 450 Hz and rose over the first 50 ms to a steady- Reinforcars §
state frequency of 650 HE.3 remained constant at 2500 Hz. g
Again this setting maintained the relative amplitude cue in &

the F3 region described by Steveri$985. For both &/
portions,F2 fell over the first 100 ms to a steady-state fre- @
quency of 1130 Hz. For thés)a/ portion, F2 started at 1300
Hz; for /(f)a/, F2 started at 1500 Hz.

3. Hybrid stimuli ©)

The vocalic portion of each of the three tokens of each
natural fricative-vowel syllable was separated from the frica-
tive noise, and combined with the synthetic /s/ afidhdise @ / /
such that the place of constriction specified by formant tran- \
sitions matched that specified by the noise. Although one \/
purpose of this study was to compare discrimination of natu-
ral and synthetic stimuli, these hybrid stimuli were also in-F!C- 1. Arrangement of booth during testing=Child; P=parent; E1 and

. . E2=experimenters.

cluded because such tokens are frequently used in our testing

with children.

Window

restless if they sat in a seat by themsel{@s$able-mounted
C. Equipment chair for infants; a high chair for preschool)a?sThe child
sat across a table from E1, with the parent well off to the

) ) . ide. The speaker and reinforcers were on the opposite side
one-way window connected the chamber with an adjacen(g P PP

. f the table from the parent. A second experime(E) was
control room. A Madsen audiometer was used to screen heairﬁ the control room

ing. Speech stimuli were presente'd.free field using a com- The parent listened the entire time she was in the cham-
puter, a Data Translation 2801A digital-to-analog convertery . 4 monologues by a male radio personaliGarrison

? Freql:jencg/BIEe(\:/ices ?21': ﬁltir’ aATascamI PA30-B al;np"'Keillor), presented over headphones. We found that at com-
1er, and a ontrol-1 speaker. A special purpose Oariﬁrtable listening levels these monologues more effectively

W'.th tvyo boxes attached to it controlled the prgsentatlon Omasked the stimuli being presented than did music, probably
stimuli, recorded responses, and turned on reinforcers. Or@

box had th p dal hed to it which all d th ecause thef0’s of Garrison Keillor and of the stimuli
ox had three foot pedals attached to it which allowed t ‘?Whether natural or synthejigvere similar. E1 listened to the

experimenter in the chamber with the infant or preschoolert%timu” during training phases, but listened to the mono-
start thg presgnta'tion of standarq sFimuIi, initiate trials OfIogues during testing. E2 listened to the stimuli during train-
comparison stimuli, and temporarily interrupt the presentaing, but then simply switched off the speaker in the control
tion of all stimuli without the child or the second experi- room so that stimuli were not heard during testing

{nenter (()jbserv!ng{hpedal {are|s§e'EheBo ther bo_x had four bu?th E1 used the foot pedals to initiate the presentation of the
ons, and was In the control room. By pressing any one otthey. 5.4 stimulus, and to introduce trials. Stimuli were pre-
buttons, the experimenter in the control room recorded that 8ented at a peak intensity of 68 dB SPL, at a rate of one
response had occur_red and presented relnforgement. Re'Q\’/ery 2 s. The presentation level was selected based both on
forcement was provided t_)y one of three PIeX|gIa§ boxeS.Dobie and Berlin's(1979 report that a normal conversa-
each con.tammg a m_echamcal animal, or by a graphics MONKonal level is between 65 and 70 dB SPL, and on Nozza's
tor th.at d|splayed brightly cplored shapes. A total of ten me- 987 demonstration that infants’ discriminations were
chanical animals was kept in stock, so they could be replace ore successful at a level close to 70 dB, rather than at the

between visits for any one child. For infants, a supply ofIOWer levels of 50 to 60 dB commonly use@.g., Eilers

quiet toys helped maintain forward eye gaze between trlalset al, 1977; Werkeret al, 1981. Three stimuli were pre-

For preschoolers, reinforcement was contingent on the Press nied during each comparison tridle., 6-s trial3, and

of a large button, ”f'ounted ona board.-The button-was N%timulus presentation returned to the presentation of the stan-
coqnected o anything, but when the child pressed it the ®Qard if no response occurred. E2 pressed a button in the
perimenter in the control room recorded the response. control room if she judged that a response had occu(ired
headturns on the part of infants or button-presses on the part
of preschoolers If the response was to a change trial, rein-
Procedures were very similar to those of most studieforcement lastig 3 s was presented.
using a visually reinforced headturning procedueg., Children were scheduled to participate in up to four ses-
Kuhl, 1985; Werker and Tees, 198©One experimentdiEl) sions, over as many consecutive ddy®ne contrast was
was in the chamber with the child and the child’s parent. Thepresented per session, although no one child received more
arrangement in the chamb&hown in Fig. 1 was modified than two phonetically different contrastsee later in this
slightly from that of other investigators, who often have thework). During training, all trials were change trials. For pre-
child sit on the parent’s lap. We found that children were lessschoolers, training was straightforward: the task was ex-

All testing took place in a sound-attenuated chamber.

D. Procedures
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plained, and they were given the training trials. For infantsthat was the standard and the vowel that was the comparison
training procedures required traditional conditioning. Ini- (/a/ or /u/) varied across infants. Those infants who met the
tially, reinforcement was presented after the first presentatiotest criterion for this first contrast were next presented with a
of the stimulus during the change tri@ausing the infant to fricative contrast using natural tokens, on the second day.
turn to looK, but gradually the presentation of reinforcementFor those infants who first heard a vowel contrast, the syl-
became contingent on a headturn. To pass training, a childble that had served as the comparison for that contrast re-
had to respond to three consecutive change trials with nmained the comparison for the fricative contrast. For ex-
prompting. Twenty trials were provided in which to meet ample, if an infant heard the vowel contrasi//sersus /su/
this criterion. Again, the fricative contrast was anticipated to(with /su/ as the comparispnthen the infant heard the fri-
be the most difficult of the three contrasts used, and Holmeative contrastfll/ versus /sufagain with /su/ as the com-
berget al. (1977 reported that it required an average of 11.2parison. This was done because it cannot be known whether
trials for infants to train on this contrast. Consequently, itthe child is responding to a change in stimuli, or to the pres-
seemed reasonable to expect infants and preschoolers to trance of the stimulus associated with reinforcement. If the
on these contrasts within the 20-trial limit, if they were going latter, contingencies would not change for the infant from the
to train at all. For both infants and preschoolers, the trainingrowel contrast to the fricative contrast. The fricative con-
phase was also used to decrease the probability of false posiasts presented to infants hearing the VOT contrast first
tives. For those children who initially demonstrated frequentwere randomly assigned. Every infant who met the test cri-
false-positive responses, the interval between change triaterion for the natural fricative contrast was subsequently pre-
was deliberately lengthened, thus diminishing those resented with a synthetic fricative contrast, on the third day,
sponsegWerker and Tees, 1984 and the synthetic fricative-vowel syllables used with any one
During testing, 15 trials were presented: ten change andhild remained the same as those of the natural contrast.
five no-change. The criterion for passing a test phase was tmfants who met the test criterion for their first contrast, but
get eight of ten correct responses to change trials, with nfailed to meet it for the natural fricative contrast, came back
more than one response during no-change trials. This critesn the third day to repeat the first contrast. Infants who met
rion is similar to that of Werker and Te€$984). the test criterion for these synthetic fricative stimuli were
Only E2 had a vote in deciding if a response had oc-dismissed. Infants who did not meet the criterion would re-
curred. This experimenter was unaware of when a trial wasurn for a fourth day, to be retested with the natural fricative
occurring because that was controlled by E1. In many studiestimuli.
with infants, two experimenters must judge that a headturn
occurred for it to be considered a response, although the use preschoolers
of just one judge for these decisions is not novelg.,
Hirsch-Paselet al,, 1987; Werker and Tees, 1984he de-
cision to base reinforcement on the judgment of a headtur

The focus of investigation with preschoolers was on fri-
cative perception, and so the VOT contrast was not used. All

. . . _ preschoolers heard a vowel contrast on the first day of test-
by just one experlmente.r was refated to the ch9|ce of ratio g. Those who met the test criterion with vowels were pre-
for change/np-chgnge rials. We used a 2/1 ratio Of.c.hangegented with a fricative contrast on the second day. As with
no-change trials, instead of the more common 1/1 r@#o,

. . infants hearing the vowel contrast first, testing for any one
five change and five no-change trialuhl, 1985.° We 9 g y

child was planned so that the comparison stimulus remained

chose to implement the higher ratio of change/no-change Uig,, g3 e across all contrasts. The kind of fricative stimuli

als because the use of a 1/1 ratio gives the same weight toff?st presentednatural, synthetic, or hybridwas randomly

lack of a headturn for a no-lchange trial as to a headturn for faried across preschoolers. Children who heard natural or
change trial. Thus, even if 90% correct responses are rjg

ired t tisfy the test criteri hild 4 onl ybrid stimuli for the first fricative contrast, and met the test
quired to satisfy the tes criterion, a child need only respon riterion, returned for a third day of testing with the synthetic
to four changesout of ten trial$ to satisfy that criterion; that f

is simoly failing to t 's head in th e ricative contrast. In this way we could ask if synthetic
IS, simply farling 1o turn one's head in the presence o IVespeechper sepresents problems for children. As with in-

ho-change trials would count as five correct responses. W, nts, preschoolers were retested with the last contrast on

wanted to see stronger evu_:lenc_e of the child responding 'Which they were successful, if they failed to meet the crite-
the presence of a change in stimulus. However, there Wa%h for a contrast

ontg dr?wtr)]ack tc; usmg this s;cr_lclter ;:'tenont') Vk\)/IItT th'? hlgth_e: For all children then, except those infants hearing the
ratio of change/no-change ftriais, the probabiiity of a aly, o1 ¢qnirast first, the phonetic structure of the stimulus

being .a Ch?‘”ge trial mcrpased, S.O the ex.perlmenter Whgssociated with reinforcement remained constant across all
knew if a trial was occurrindE1l) might be biased to vote conditions

that a headturn had occurred. Thus, that experimenter did not
get a vote. Ill. RESULTS
1. Infants A. Infants

Half the infants heard a vowel contrast first and half Of the 23 infants tested with a vowel contrast,(65%)
heard the VOT contrast first. Of the infants hearing themet the test criteriof Of the 23 infants tested with the VOT
vowel contrast first, half of them heard the contrast withcontrast, eigh{35%) met the test criterion. Of the 15 chil-
syllable-initial §/ and half heard it with /s/. Also, the vowel dren who were able to do the vowel contrast, €iR%) were
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subsequently successful with the natural fricative contrastess would have had similar success rates as those of the
The nine who were not successful with the fricative contrashonfussy infants, if only they had not been fussy. In our
were all able to meet the test criterion for the vowel contrastvork with children 3 to 7 years of age, however, we have
when retested. All six infants who could discriminate thenot found that to be the case. We find that children may
natural fricative contrast were also able to discriminate thebecome uncooperative precisely because they cannot dis-
synthetic fricatives. None of the eight infants who were suc-criminate the stimuli presented: If these children return to the
cessful with the VOT contrast were able to discriminate thelaboratory on a different day they usually become uncoop-
natural fricatives, but all were able to discriminate the VOT erative with the same or similar stimuli, but if presented with

contrast when retested. stimuli that are not minimal pairs, these same children coop-
erate and perform the task appropriately. While we cannot
B. Preschoolers conclusively draw a parallel from those findings with older

children to work with infants, it would be inappropriate to

- 0, i ) X .
Forty-two preschoolert56%) were su_ccessful V\.”t.h the. assume that the dismissed infants would have performed as
vowel contrast. One of those children did not participate iNthe infants who were not dismissed

further testing due to illness. Of the remaining 41 children Another reason to discount the notion that procedures

. o 0
tested with one of the three fricative contrasts, (89%) might have been nonoptimal, accounting for the low success

wer ful. There were no differen mong the prg- . .
ere successiu ere were no differences among the p ?ate, is that success rates differed across contrasts. If proce-

portions of children who succeeded with the natural, SYNures accounted for a large proportion of variance in success

thetic, and hybrid stimuli. The 17 preschoolers who did nOtrates, we would have expected those rates to be similar

discriminate the fricative contrast were able to perform the : .

. . across contrasts. Of particular interest was the low propor-

vowel contrast when retested. All children tested with the,. : o

T ._tion of infants who reached criterion on the VOT contrast.

natural or hybrid stimuli first were subsequently able to dis- .

- o . AR The English /d/ versus &/ contrast has been used exten-

criminate the fricative contrast with synthetic stimuli. . )

sively to support the argument that the auditory system pro-

vides regions of enhanced sensitivity along some psycho-

IV. DISCUSSION physical continua, and those regions form natural boundaries

The data reported here were originally collected as parP€tween phonetic classesg., Kuhl, 1981; Kuhl and Miller,
of what was to be a pilot experiment, developing methods fol978; Sinex and McDonald, 1989; Sinekal.,, 1991. This
investigating the weighting strategies of infants for the vari-study was unable to address the notion of enhanced sensitiv-
ous acoustic properties that define linguistic segments. Iffy, but clearly infants were not as successful at discriminat-
line with the work that has been done with 30 7-year-olds, ing stimuli differing in VOT as the notion suggests they
the plan was to manipulate the acoustic structure of fricativeshould have been.
vowel syllables to examine whether infants base discrimina- ~ Finally, the fact is that it is simply not that difficult to
tion judgments more on differences in the fricative noise ornstitute a headturning procedure with infants or a button-
on differences in formant transitions. However, the principalpressing procedure with 3-year-olds. These procedures are
experiment was never conducted because infants and 3-yeased routinely in audiology clinics to measure auditory
olds demonstrated unreliable results discriminating eveihresholds in infants and 3-year-olds. In those settings, the
clear tokens of fricative-vowel syllables, regardless ofprocedures have proven to be fairly robust to variations in
whether the fricative or vowel differed within the pair, as procedures, and so it was that screening children’s hearing in
well as unreliable results for stimuli differing in voicifglo  this study presented no problems.
ask the question of how much weight is given to each acous- A minor conclusion drawn from this work was that in-
tic property in discrimination decisions would require ma-fants and preschoolers are perfectly capable of perceiving
nipulations of the stimuli that would make them somewhatsynthetic speech. There was not one instance in which a
perceptually ambiguous. There is every reason to believe thahild was able to discriminate a contrast with natural or hy-
such manipulations would render stimuli undiscriminable,brid stimuli, but unable to do so with synthetic stimuli.
even for the infants and 3-year-olds who did discriminate  Overall these results fail to provide support for claims
these clear tokens. that universal phonetic boundaries are in place at birth. It is

What is left then are these sparse data demonstratingmphasized that the findings of this study do not really differ
how difficult it is for infants, and even children as old as 3 from those of others: success rates are similar across studies.
years, to discriminate speech stimuli based on phonetic caWhat differs is the willingness of authors to use the results to
egory. It is, of course, tempting to dismiss these results byupport claims of innate phonetic boundaries. In fact, some
suggesting that the success rates were low because of poearlier studies provide evidence that could be taken to refute
procedures. However, the success rates reported here are woertly such claims. Again, Eimas and Millét980 found
different from those reported by others who report succesthat infants could discriminate between stimuli that both fell
rates for infants. Jusczyk and colleagues always report attrinvithin an adult phonetic category, and Lasktyal. (1975
tion, and they generally dismiss 40% to 45% of the infants infound that infants failed to discriminate between tokens that
their studies due to “fussinesdqe.g., Bertoncinet al, 1988;  fell into different categories. In sum, the data across experi-
Jusczyket al, 1992; Levittet al, 1988. (Other infants may ments do not support the proposition that infants have clearly
be dismissed for other reasons, as wellhe implicit as-  established phonetic categories, separated by well-defined
sumption of that work is that infants dismissed due to fussiboundaries. As a field, it is important for us to bear this point
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about the speech perception of older listeners. Perhaps w %Eégava”agh' and C. A. Fergusohcademic, New York Vol. 2, pp.
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