Coherence in children’s speech perception
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Studies with adults have demonstrated that acoustic cues cohere in speech perception such that two
stimuli cannot be discriminated if separate cues bias responses equally, but oppositely, in each. This
study examined whether this kind of coherence exists for children’s perception of speech signals, a
test that first required that a contrast be found for which adults and children show similar cue
weightings. Accordingly, experiment 1 demonstrated that adults, 7-, and 5-year-olds weight
F2-onset frequency and gap duration similarly in “spa” versus “sa” decisions. In experiment 2,
listeners of these same ages made “same” or “not-the-same” judgments for pairs of stimuli in an
AX paradigm when only one cue differed, when the two cues were set within a stimulus to bias the
phonetic percept towards the same catedmative to the other stimulus in the pgiand when the

two cues were set within a stimulus to bias the phonetic percept towards different categories.
Unexpectedly, adults’ results contradicted earlier studies: They were able to discriminate stimuli
when the two cues conflicted in how they biased phonetic percepts. Results for 7-year-olds
replicated those of adults, but were not as strong. Only the results of 5-year-olds revealed the kind
of perceptual coherence reported by earlier studies for adults. Thus, it is concluded that perceptual
coherence for speech signals is present from an early age, and in fact listeners learn to overcome it
under certain conditions. @001 Acoustical Society of AmericdDOI: 10.1121/1.1404974

PACS numbers: 43.71.Es, 43.71[RRK]

I. INTRODUCTION most probable estimate of the linguistic element represented.
Among the predominance of studies seeking to make the
The acoustic signal of speech consists of isolable propconnection between isolated acoustic cues and phonetic cat-
erties, or cues as they are commonly called. Until recently(_:.gorieS can be found the rare, early study interested in per-
prevailing views of speech perception have all proposed thaéeptual organization of speech signésg., Broadbent and
each linguistic elementdefined either as a phonemic seg- | 5qefoged, 1957 More recently, however, more investiga-
ment or as a featuyes signaled by specific settings of one or s have focused their work specifically on the question of

s?veral cr:mcal cues. A}:ccordggly, much res_garc_h in thhe aAr®Row acoustic properties are organized in speech perception.
of speech perception focused on trying to identify what Seone point on which these investigators seem to agree is that

tings g.fﬁWhICh cuefs s_lg.nal each t|l|’(;ngtIC e!emer;]t. t-tl;o ?ﬁacousnc properties cohere in speech perception such that it is
sure, diflerences of opinion persisted concerning Wnether igeq ., i i not impossible, to distinguish stimuli based on the
cue settings that define linguistic units would prove to be_ . s .
. . . . . auditory qualities of separate signal compongetg., Best
invariant or not. While some investigators held hope that ) } .
o ; . . et al, 1989; Bregman, 1990; Remetz al, 1999. A variety
specific and stable settings of certain properties would be

found that signal each linguistic elemeptg., Blumstein and of results support that position. For example, duplex percep-

Stevens, 1980; Kewley-Port, 1983; Stevens and Blumsteiriion €xperiments demonstrate that when an isolated acoustic

1978, others postulated that there are no invariants, but inp_roperty(the cug 'S presented to one ear and the rest of the
stead the settings of any one property that signal specifié'gnal(the contextis presented to the oth_er_ ear, iwo percepts
linguistic elements vary depending on the settings of othef'® 'éported: a nonspeech perceponsisting of the cue
acoustic propertiege.g., Liberman, 1957; Libermaet al, ~ ©nlY) and a speech percefaionsisting of the context plus the
1967; Mann and Repp, 1980; Studdert-Kennedy, 1983 cue. The critical finding of thesg experiments i that only fgr
Nonetheless, both approaches focused on understanding tH¥ nonspeech percept can listeners describe the auditory
relation between isolated cues and linguistic segments. ~ quality of the cue(e.g., whether a transition is rising or fall-
The question ohow cues combine was never explicitly ing). In other words, even though the cue is needed for la-
addressed in that early work. With hindsight, however, wePeling the speech percept, it remains inaccessible as a sepa-
can suggest that the assumptions underlying all that workate perceptual entityLiberman, Isenberg, and Rackard,
clearly fit one of two models, what Best al. (1989 called ~ 1981; Mann and Liberman, 1983; Whalen and Liberman,
“cue extraction” and “cue integration.” The line of work 1987.
searching for invariant cues to linguistic identity fits under ~ The question of whether acoustic properties cohere in
the rubric of cue extraction: listeners extract a specific propchildren’s speech perception, according to any principles, has
erty, and make a linguistic judgment based on that propertypeen largely unaddressed, but is important for several rea-
The work attempting to describe the sets of cues that defingons. For one, answers to this question can extend our un-
linguistic elements adheres to notions of cue integration: lisderstanding of the general nature of speech perception by
teners extract a set of cues, and then sum them to derive theforming us as to whether the perceptual organization re-
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vealed in studies with adults is present from a young agétuddert-Kennedy, 1987 Thus, there is evidence that the
(possibly birth, or is something that emerges through exten-relative contributions made to linguistic decisions by the
sive experience with language. Also, knowing how acoustiozarious properties of the acoustic speech signal change as
properties cohere in children’s speech perception will prochildren get older, and gain experience with a native lan-
vide some fundamental information for studying other devel-guage. However, no study has suggested either that children
opmental phenomena, such as how perceptual attenticmtend perceptually to properties that are ignored by adults or
changes with age and how access to phonological structutbat children ignore properties to which adults attend. Re-
emerges. Thus, the focus of the current investigation was ogardless of the age of the listener, linguistic decisions are
whether or not acoustic properties cohere in children'sbased on the same sets of properties for each linguistic deci-
speech perception such that stimuli heard as speech canrgbn. Consequently, it was reasonable for us to ask how
be discriminated based on auditory qualities of the signal. strongly these signal properties cohere in children’s speech
Originally we asked whether children can make dis-perception.
crimination decisions based on the auditory qualities of the  The approach used in this study was pioneered by Fitch
signal as well as or better than adults when listening tcet al. (1980. They constructed synthetic stimuli that ap-
speech. If children were found to discriminate stimuli betterproximated the words “slit” and “split” by varying each of
than adults based strictly on auditory qualities, our thinkingtwo cues: the silent interval between thg noise and the
went, support would be garnered for the position that thesocalic portion (which is longer for natural split than for
perceptual coherence of speech signals demonstrated Ioatural sli} and the onset frequencies of the first three for-
adults is a learned phenomenon. This position is representedants(which are lower for split than for s)it Specifically,
by the statement of Best al. (1989, “The infant’s task isto  the silent interval varied from 8 to 144 ms in steps of 8 ms,
discover the phonetic coherence of phonological categorieand the transitions at the onset of the vocalic portions were
in the surrounding language by focusing attention on recurappropriate for eitheflit] or [plit]. Using an oddity para-
rent auditory contrasts that signal changes of meaning in thatigm, listeners were asked to choose the stimulus, out of
language.” (p. 249 On the other hand, if children were three, that was different. Three conditions were included. In
found to demonstrate the same inability to discriminatethe “one-cue” condition, both stimuli in the pair had the
stimuli based on auditory qualities that adults demonstratesame setting for one cue, but had different settings for the
then we would suggest that such coherence is an integraither cue. Fitchet al. chose to keep the silent interval con-
aspect of speech perception, present from birth, or at leastant across stimuli within a pair, and varied formant onset
from a very young age. At the outset of this work, however,frequencies(rather than holding formant onset frequencies
we never anticipated the possibility that the strict coherenceonstant, and varying the silent interudh both “two-cue”
of signal components reported for adults’ speech perceptiononditions, stimuli within a pair differed on both cues. In the
might be even stronger for children. Of course, we nevertwo-cooperating-cues” condition, the settings of both cues
anticipated the possibility that adults would show anythingwithin a stimulus biased perception towards either slit or
other than strict coherence for speech signals. split, relative to settings in the other stimulus: the stimulus
From the start we did know that children’s perceptualwith the [Iit] formant onset frequencies always had the
strategies for speech differ in at least one way from those ofhorter silent interval; the stimulus with thelit] formant
adults. Experiments have reliably shown that the weights assnset frequencies always had the longer silent interval. In the
signed to the several cues involved in a phonetic decisioftwo-conflicting-cues” condition, cues were set to oppose
can differ for children and adults. In one of the earliest dem-each other, such that they biased perception towards different
onstrations of this difference, Parnell and Amern{aa78 categories: the stimulus with thplit] formant onset frequen-
presented various combinations of stop-vowel syllable poreies always had the shorter silent interval; the stimulus with
tions (the release burst, the burst plus aspiration noise, théhe [Iit] formant onset frequencies always had the longer si-
burst plus aspiration and transition, the transition, the transilent interval. The difference in silent interval between the
tion plus vowe] for labeling to 4- and 11-year-old children two members of each paiin the two-cue conditionswas
and adults. Four-year-olds labeled stops as accurately adways 24 ms, a value derived from a labeling experiment
older listeners only when syllable portions included the transhowing that 24 ms was the separation in functions for
sitions. Thus, it seemed that children weight formant transistimuli with the [Iit] and [plit] formant onset frequencies
tions more, or all other relevant cues less, than adults. Theiti.e., the difference in formant onset frequencies was
three studies investigating differences between young chil*worth” 24 ms of silent interva). Results showed that all
dren(3 and 6 yearsand adults in the use of vowel duration listeners were most accurate at discriminating stimuli in the
and syllable-final transitions in decisions of voicing for final two-cooperating-cues condition: these stimuli showed the fa-
stops all concluded that young children’s decisions weremiliar peak in discrimination accuracy at the category
based more than those of adults on the transitions, and lee®undary. Following the two-cooperating-cues condition in
on vowel duration(Greenlee, 1980; Krause, 1982; Wardrip- discrimination accuracy was the one-cue condition, with dis-
Fruin and Peach, 1984Most recently, experiments on label- crimination in the two-conflicting-cues condition the poorest.
ing of syllable-initial fricatives have shown both that chil- Thus, even though acoustic differences between the two
dren weight formant transitions more and fricative-noisestimuli were identical for the cooperating- and conflicting-
spectra less than aduliidlittrouer, 1992, 1996; Nittrouer and cues conditions, whether or not these differences facilitated
Miller, 1997a, 1997b; Nittroueet al, 2000; Nittrouer and or inhibited discrimination depended on whether or not cues
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biased responses towards the same or different catedoriesable to recover the isolated property that defined the
Best, Morrongiello, and Robso(198]) replicated the categories, nor could they integrate this property with the
findings reported by Fitclet al. (1980 using synthetic ver- rest of the spectral array to derive distinctive percepts. Thus,
sions of “say” and “stay,” where the cues were the silent the general conclusion of this study was that the separate
interval between thés| noise and the vocalic portion, and properties of the speech signal cohere according to principles
the onset frequency of the first formaftl): F1 is lower at  that are unique to speeche., phonetic coherengeand that
voicing onset for burstless stay than for say. Presumably bgnce a signal is heard in this way, it is difficult, if not im-
coincidence, labeling data showed that the difference in forpossible, either to recover the individual properties or to
mant frequencies was worth 24 ms of silent interval for thesénave them cohere in a manner that would not be unique to
stimuli, just as it had been in Fitakt al. When stimuli were  speech(i.e., auditory coherenge
arranged as they had been by Fiethal, the same ordering Only two studies have even tried to address the question
of discrimination sensitivity was revealed: two cooperatingof signal coherence in children’s speech perception. Mor-
cues> one cue> two conflicting cues. Noteworthy is the rongiello et al. (1984 measured discrimination abilities of
finding of both studies that discrimination for the two- 5-year-olds for stimuli differing by one cue, two cooperating
conflicting-cues conditions was barely above chance perforeues, and two conflicting cues using the same stimuli as
mance. those used by Besgdt al. (1981). Unlike the adults of Best
Fitchet al. (1980 and Beskt al. (1981 both concluded et al, children discriminated stimuli in the two-conflicting-
that the two acoustic properties manipulated in their experieues condition as well as stimuli in the one-cue condition:
ments must be “perceptually equivalent,” meaning that bothdiscrimination abilities were clearly above chance in the
biased responses equally towards specific phonetic labelswvo-conflicting-cues condition. Although those authors did
Furthermore, it seemed that the auditory qualities of thesaot offer possible explanations for this age-related difference
properties were unavailable to the listeners; instead, listeneis results, we may speculate that it showed that children can
were obliged to hear the composite signals according to thbear the auditory qualities of a speech stimulus, independent
phonetic labels they were assigned. In 1989, Bestl. ex-  of its phonetic label, better than adults can. Thus, we may
plicitly tested four models of how acoustic properties mightfurther suggest that the phonetic coherence of speech signals
combine in perception: the “cue extraction” and “cue inte- demonstrated by adults may be a phenomenon that emerges
gration” models that have already been discussed, and twas one learns a language. However, there is one caveat to this
models of coherence termed “auditory” and “phonetic” co- suggestion. For labeling results, children’s data in the Mor-
herence. Both of these latter models suggest that linguisticongiello et al. study showed less separation between func-
structure emerges from the speech signal due to principleons for the twoF1-onset conditions than adults’ data did in
that mandate signal coherence, but in the case of auditohe Bestet al. study. In other words, the difference in for-
coherence, these principles guide all of auditory perceptiormant onset frequencies was worth less than 24 ms in chil-
The notion of phonetic coherence, on the other hand, sugdren’s perception. Nonetheless, the difference in silent inter-
gests that the components of the speech signal cohere spsl between members of each pair was set according to
cifically because they arise from the coordinated pattern o&dults’ labeling results, at 24 ms. Therefore, the effective
articulatory movement that produced them. According to thigperceptual difference between stimuli in a pair may have
account, we would not expect the same kind of coherence fdveen greater for children than for adults. As a result, the
a signal with all the properties of speech, if it were not heardVorrongiello et al. experiment leaves unanswered the ques-
as speech. That is, if principles specifically of phonetic co+tion of whether or not cues cohere in children’s speech per-
herence explain why speech signals are heard as unitary pareption as they do in adults’ speech perception.
cepts, then this coherence would be absent for the same sig- Eilers et al. (1989 asked if infants can discriminate
nals when they are not heard as speech. According tepeech stimuli based on their auditory qualities. These inves-
auditory explanations, these signals should be heard in thiéggators manipulated vowel duration and consonant periodic-
same manner regardless of whether they are perceived &g as cues to voicing for utterance-final alveolar stops, and
speech or nonspeech. trained 9-month-old infants to perform a discrimination task.
Bestet al. (1989 tested this hypothesis by comparing As Fitch et al. (1980 and Bestet al. (1981) reported for
the labeling and discrimination of speech-like stimuli whenadults, Eilerset al. found that infants were able to discrimi-
listeners heard these stimuli as music, and when they hearthte stimuli better in the two-cooperating-cues condition
them as speech. Findings across the music and speech cdhan in the one-cue conditidms Morrongielloet al. (1984
ditions led these authors to conclude that “The results ofeported for 5-year-olds, Eileet al. found that infants were
these three experiments are inconsistent with the claim thable to discriminate stimuli as well in the two-conflicting-
speech perception entails the simple extraction, or the extracues condition as in the one-cue condition. Thus, it might be
tion and integration, of discrete information-bearing ele-concluded that infants were making these discriminations
ments or cues.{p. 248 Instead, differences in response pat-based on the auditory qualities of the signal, either because
terns across the two groups led the authors to conclude théttey could recover individual properties of the acoustic sig-
only the model of phonetic coherence could explain hownal or because these properties cohered according to prin-
listeners combine separate acoustic properties to derive ungiples of general audition. However, a couple findings of the
tary and distinctive percepts representing linguistic categoEilers et al. study encourage caution in interpretation. First,
ries. In particular, the listeners in the music group were undifferent groups of infants participated in the two-
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cooperating-cues and the two-conflicting-cues conditionslables. Nittrouer and Miller argued that this lack of develop-
even though both groups heard the same one-cue stimulinental change can be found for any contrasts for which the
Overall, infants in the two-cooperating-cues condition per-‘optimal” strategy (i.e., the one that most effectively facili-
formed more accurately than infants in the two-conflicting-tates recovery of phonetic structures the one used by
cues condition, even in the one-cue condition. Furthermoreyoung children. Consequently, we were hopeful that we
adults performed the same discrimination task with the samwould find a contrast for which adults and children would
stimuli as the infants, and they discriminated stimuli as wellshow similar labeling results.

in the two-conflicting-cues condition as in the two- Three studies(Morrongiello et al, 1984; Nittrouer,
cooperating-cues condition, a result that conflicts with those.992; Nittrouer, Crowther, and Miller, 199&ave shown

of Fitch et al. (1980 and Bestet al. (198)). It might be that that adults and children weight differently the acoustic prop-
results across studies cannot validly be compared becauseties upon which “say” versus “stay” decisions rest. There-
Eilers et al. used vowel—-stop-consonant syllables as stimulifore, those stimuli could not be used. At the same time, we
whereas Fitctet al. and Bestt al. used stimuli consisting of wanted to avoid using “slit” and “split,” as Fitchet al. had
an[s] noise, followed by a silent interval and then a vocalic used. Beset al. appropriately point out that the production
portion. However, it is puzzling to have different results of these syllables is complex articulatorily, and so the result-
based only on the content of the stimuli. Most likely, acousticing signal is complex acoustically. The syllables “sa” and
properties either cohere according to the principles of pho*spa” were found to meet our requirements.

netic coherence, or they don’t. There seems to be no satis-

factory explanation for why results might fit this model for A. Method

some stimuli, but not for others. 1. Participants

For the current study the decision was made to use ] o
Three groups of listeners participated: 11 adults between

stimuli that consisted of afs] noise followed by a silent : !
interval (as appropriate for a stop closuiend a vocalic por- the ages of 20 and 40 years; 11 children between the ages of

tion, as Fitchet al. (1980 and Bestet al. (1981 had done. © Years, 11 months and 7 years, 5 morithe 7-year-olds
Those are the studies that reported that adults cannot dignd €leven children between the ages of 4 years, 11 months
criminate stimuli based on auditory qualities of the speectnd 5 years, 5 monttighe 5-year-olds All participants were
signals, and that was the phenomenon under investigation f§fauired to pass hearing screenings of the frequencies 0.5,
children in this study. However, the exact choice of stimuli1-0: 2.0, 4.0, and 6.0 kHz presented at 25 dB #ANSI,
was tricky because, as described earlier, labeling experimen{89- Al participants were monolingual speakers of Ameri-
have shown that children and adults weight differently thet@ English, had no histories of speech or language prob-
acoustic properties upon which at least some linguistic decil®MS, and were free from significant early histories of ofitis
sions rest. For such contrasts, stimuli within a pair wouldMedia, defined as six or more episodes before the age of 2

differ by a different perceptual amount across listener age/&a's: In addition, a_II children participating scored better
even though they differed by the same acoustic amounthan the 40th percentile for their age groups on the Goldman-

Thus, the first step of the current study had to be identifyinggris'[_ofa Test of Articulation(Goldman and Fristoe, 1986
a set of stimuli of the form([s] noise—(stop closure- articipating adults demonstrated a reading level of at least
(vocalic portion that adults and children label similarly. the 11th grade on the Wide Range Achievement Test-Revised

Only then could we appropriately compare discrimination byl WRAT-R (Jastak and Wilkinson, 1984 In addition to these
children and adults of stimuli differing by one cue, two co- participants, two 5-year-olds and one adult participated, but
operating cues, and two conflicting cues. their data were excluded from the final analysis because they

failed to label reliably best exemplars of each category dur-
Il. EXPERIMENT 1: LABELING ing testing(see Procedurgs

'I_'hg goal of this e_xperiment was to find a _set of stimuli , Equipment
consisting of arfs] noise, followed by a silent interval and
then a vocalic portion that children and adults label similarly. X
In particular, the duration of the silent intervle., the gap  Screened with -a Welch Allyn TM262 Auto  Tymp
duration and the onset frequency of one or more formantyYMPanometer/audiometer using TDH-39 headphones.
transitions needed to serve as the cues to be manipulated3fmuli were stored on a computer, and presented with a
we were to retain consistency in procedures with those oPat@ Translation 2801A digital-to-analog converter, a Fre-
Fitch et al. (1980 and Bestet al. (1981). While numerous duéncy Devices 901-F filter, a Crown D-75 amplifier, and
studies(reviewed in the Introductigrhave demonstrated that AKG-K141 headphones. Cartoon drawings were shown on a
the relative weights assigned to the various signal compgg@l0r-graphics monitor.
nents for speech can change as children get dlded so o
gain experience with languageone study has shown that 3 Stmuli
this developmental shift in weighting strategies does not oc-  Stimuli were created with a SenSyn Laboratory Synthe-
cur for all phonetic contrasts. Nittrouer and Mill€t999 sizer, Version 1.1. They were synthesized at a 10-kHz sam-
showed that the relative weights assigned to the noise and fing rate, and presented with low-pass filtering below 4.9
formant transitions in decisions of fricative identity are simi- kHz. The[s] noise was a single-pole noise, centered at 3.8
lar for adults and children for /f/-vowel and/fvowel syl-  kHz. This noise has been used extensively in labeling experi-

Testing took place in a soundproof booth. Hearing was
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ments in the past, and is known to be a good exemplgs]of the probabilities of sa and spa responses were equal. These
Two vocalic portions were created. Both were 270 ms longvalues are traditionally termed the “phoneme boundaries,”
40-ms transitions followed by 230-ms steady-state regionsand will be here too. Slope is given as the change in probit
The fundamental frequency of both began at 120 Hz, and fellinits per millisecond of change in gap duration. The differ-
throughout the vocalic portion to an ending frequency of 100ence in location of the two functions at the phoneme bound-
Hz. For both,F1 started at 450 Hz and rose to a steady-stataries is generally taken as an index of the weight assigned to
frequency of 650 HzF3 started at 2100 Hz, and rose to a the dichotomous propertiin this caseF2 onse}, and slope
steady-state frequency of 2500 H2 onset was either 1175 is an index of the weight assigned to the continuous property
Hz (the “high F2 onset,” most appropriate for “sg”or 950  (in this case, gap duration

Hz (the “low F2 onset,” most appropriate for “spa’
Steady-staté&2 was 1130 Hz in both portions. Each vocalic
portion was combined with this] noise at each of ten gap
durations: 0 to 36 ms, varying in 4-ms steps. Thus, there  Figure 1 shows the labeling functions for all three lis-

B. Results

were 20 stimuli: twoF2 onsetsx ten gap durations. tener groups, and Tables | and I display the phoneme bound-
aries and slopes, respectively. As can be seen, all groups
4. Procedures performed similarly. Two-way analyses of varian@NO-

The hearing screening was done first, followed by eitheVAS), Wit_h age as the between-subjects factor and transition
the articulation screeninghildren or the reading screening @S the within-subjects factor, done on these data support that
(adult9. For the 5-year-olds, recorded stories about each rekonclusion. The main effect of age was not significant, either
sponse labeli.e., the animals they nampdvere presented for phoneme boundaries;(2,30=1.14, p=0.333, or for
next. “Sa” was a sea creature, and “spa” was a horse. Thes&lopes, F(2,30=2.78, p=0.078. Only the main effect of
stories were presented both by recorded, natural speech aff@nsition was significant, both for phoneme boundaries,
by synthetic speech. Thus, they served both to teach childrefi(1,30=228.27,p<<0.001, and for slopesi(1,30=7.20,
the labels and to provide experience listening to syntheti®=0-012. The interaction of age transition was not signifi-
speech. Past experience in this laboratory has shown th§&nt. either for phoneme boundaries;(2,30=0.26,
children older than 5 years of age do not benefit from thes®=0-774, or for slopesi(2,30=0.24, p=0.789. Therefore,
stories, and so 7-year-olds did not hear them. Next, the picddults, 7-year-olds, and 5-year-olds may be said to have
tures to be used were introduced. These pictures werd@ ~ Weighted the transition and the gap to the same extent in
in. Participants were instructed to point to the picture repreMaking this phonetic decision, and so these stimuli met our
senting the syllable heard, and say the syllable after hearingfiterion for the discrimination task to be completed in ex-
a stimulus. The experimenter then entered the response inRgfiment 2.
the computer. Two kinds of practice were provided before
testing: naturz_il to_kens_ of sa and spa, and the bgst exemplaﬁﬁ EXPERIMENT 2: DISCRIMINATION
of the synthetic stimuli. The natural tokens were five samples
each of sa and spa spoken by the second author. The syn- Once stimuli were identified that children and adults la-
thetic tokens were the low2 onset with the 36-ms gapest  bel with similar weights assigned to each acoustic property,
exemplar of sppand the highF2 onset with the 0-ms gap the next step was to examine discrimination of these stimuli
(best exemplar of gapresented five times each. Listenerswhen they differed by only one cue, by two cooperating
had to respond correctly to nine out of the ten practice itemgues, and by two conflicting cues. Based on the work of
(for both kinds of practiceto move onto either the next Fitchet al. (1980 and Bestkt al. (1981), we anticipated that
practice set or the test set. Testing consisted of ten blocks @dults would show enhanced sensitivity for stimuli in the
the 20 stimuli presented in random order, and children weréwo-cooperating-cues condition and diminished sensitivity in
shown cartoon drawings on the graphics monitor at the enthe two-conflicting-cues condition, compared to the one-cue
of each block. Participants had to respond correctly to 80%ondition. However, the most critical condition in this ex-
of the best exemplar€.e., those presented during practice periment was the two-conflicting-cues condition: this is the
with the synthetic stimuliduring testing for their data to be one condition in which stimuli cannot be perceived accord-
included in the final analysis. Because all participants deming to the principles of phonetic coherence, if they are to be
onstrated the ability to label these best exemplars correctlgiscriminated. Listeners must either recover the separate
during practice, failure to do so during testing was taken agroperties of the signal or form unique and unitary percepts
evidence of a general decrease in attention. A lack of generalith these separate properties, percepts that do not neatly
attention of this sort would diminish the reliability of all correspond to phonetic categories. Because the results of ear-
responses. lier studies(e.g., Bestet al, 1981, 1989; Fitctet al,, 1980;

Labeling functions were derived for eaéf2 onset, and Remezet al, 1994 suggest that adults do not accomplish
were the proportion of sa responses given at each level dither of these perceptual maneuvérsstead forming uni-
gap duration. These proportions were transformed to probitary percepts according to phonetic principlediscrimina-
functions (i.e., cumulative normal distributions, representedtion in the two-conflicting-cues condition should be poor. We
as probit scores From these probit functions, distribution should find a similar response pattern for children, if pho-
means and slopes were computed. Distribution means wereetic coherence is intrinsic to their speech perceptiatier-
the points(given in milliseconds of gap duratiprat which  natively, if the phonetic coherence of speech signals found
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50 - FIG. 1. Mean labeling functions for each age group

from experiment 1. Open squares represent results for
the high#2 onset condition, and filled squares represent
o5 results for the lowF2 onset condition.
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for adults is a learned phenomenon, then we could find @ue conditions, regardless of whether the cues cooperate or
different pattern of response across the three conditions fazonflict in terms of the category they signal. That is, these
children. In particular, we might expect children to demon-children may not have had sufficient experience with speech
strate enhanced sensitivity to signal differences in both twosignals to have discovered phonetic coherence.

TABLE |. Mean phoneme boundaries in ms of gap duration for each agelABLE Il. Mean slopegin probit units per ms of gap duratipfor each age
group (with standard deviations in parenthesdsr the highF2 onset and  group (with standard deviations in parenthesder the highF2 onset and
the low F2 onset. Number of participants in each group is given in italics. the low F2 onset. Number of participants in each group is given in italics.

Adults 7-year-olds 5-year-olds Adults 7-year-olds 5-year-olds
11 11 11 11 11 11
High F2 onset 24.8 22.1 22.0 High F2 onset 0.14 0.16 0.11
(3.9 (5.2 4.3 (0.09 (0.05 (0.0
Low F2 onset 14.4 12.7 11.6 Low F2 onset 0.11 0.12 0.09
(5.3 (6.8 4.0 (0.06 (0.09 (0.04
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A. Method constant across pairs, gap duration had to vary. We had no
reason, and still do not, to suspect that the arrangement of
cues(i.e., which one remains constant and which one varies
Thirteen adults, and 13 children of each of the ages of 7would affect listeners’ abilities to discriminate speech stimuli
and 5 years participated in this experiment. All participantshased on the auditory qualities of the signals. In any event, if
met the same criteria as those described for participants ithe phenomenon previously reportétiat adults have ex-
the first experiment. Four additional 5-year-olds attemptedremely limited access to acoustic properties during speech
the task, but were unable to perform this discrimination taSl?:)erceptiom can On|y be observed for Speciﬁc arrangements
with natural tokens of spa and sa, and eight additionabf cues, then the conclusions reached by those studies need
5-year-olds and one 7-year-old were unable to discriminatgg pe reconsidered.

the most different stimuli to be used in any of the three test In the tWO_Cooperating_Cues Condition, the standard had

1. Participants

conditions(see Procedurgs the low F2 onset, so both gaf86 m9 and F2 onset biased
responses towards spa. All comparison stimuli had the high
2. Equipment and stimuli F2 onset, so both gap ar® onset biased responses towards

TH? (compared to the standardn the two-conflicting-cues

The same equipment was used as in experiment 1. o
stimuli used in the first experiment were used in this experi-cond't'on' the standard needed to have the lRgronset, to

ment, but they were presented in pairs in an AX formatb'as responses towards sa. The comparison stimuli in this

where A was a constant standard. Three sorts of stimulu%Ondltlon had lowF2 onsets. Thus, gap arf onset con-

pairings were used: those in which stimuli differed by only icted in terms of which category they biased responses
one cue(the one-cue conditionthose in which stimuli dif- toward.
fered by two cues such that the settings of both cues biased
responses towards the same category lalibk two- S Procedures
cooperating-cues conditignand those in which stimuli dif- Five-year-olds were provided with a preliminary task
fered by two cues such that the settings of both cues biasdtiat 7-year-olds and adults did not have. Because of this
responses towards different category labdthe two-  extra task, and their generally shorter attention spans, 5-year-
conflicting-cues condition The “standard” stimulus(i.e.,  olds were tested over 2 days. Seven-year-olds and adults
the one that remained constant across pairs within any ongarticipated in just one session.
condition always had a 36-ms gap. The “comparison” The screening measures were administered first. Next,
stimuli (i.e., those that varied across pairs within any oneb-year-olds were provided with practice labeling pictures as
condition had gaps varying between 0 and 36 ms. Of course‘same” or “not-the-same.” These were hand-drawn pic-
we could have arranged stimuli so that the standard had t@res of pairs of simple objects, such as flowers and cars.
0-ms gap and the comparisons had longer gaps. Howevefjve of the pictures showed the same object twice, and five
listeners in experiment 1 were slightly more consistent labelshowed two different objects. Normally developing children
ing stimuli with the 36-ms gap and the hig2 onset as spa understand the concept of same by age 5 years; this extra
than they were labeling stimuli with the 0-ms gap and thepractice simply helped familiarize children with the task.
low F2 onset as sa(See Fig. 1: the open squares at the The procedure used here differed from that of Fitch
36-ms gap are closer to 0% than the filled squares at the 0-n&t al. (1980 and Bestet al. (1981), where the stimuli within
gap are to 100%.Thus, using stimuli with 36-ms gaps as the a pair differed acoustically by the same amount across pairs.
standards ensured that the standard was a good exemplarWe made the decision to use a fixed standard with varied
one of the categorie@n this case spain every condition, step sizes between stimuli because the method of constant
even when cues conflicted. Once the decision was made tifference(used by Fitchet al. and Bestet al.) leads to the
use this end of the continuum for standard stimuli, the selecsituation where none of the pairs of stimuli has very large
tion of stimuli (standard and comparisorfsr each condition acoustic differences between members. As a result, the dis-
was mandated by the desired arrangement of cues acrossminations to be made are all fairly difficult perceptually,
stimuli within the condition. and young children do not tolerate long strings of difficult
In the one-cue condition, all stimulstandard and com- discriminations. The procedure of using a fixed standard
parison$ had the lowF2 onset, as appropriate for spa; only should minimize memory load and decrease stimulus uncer-
the duration of the gap varied. In this way, the standard wagainty, both goals generally viewed as desirable in work with
the clearest exemplar of spa possible. The first stimulus icchildren.
the pair(the standardalways had the 36-ms gap, and it was For all discrimination tasks, the response was to point to
followed by a stimulus having another gap duration. Havinga picture of two red squares and say “same” if the stimuli
formant onset frequency remain constant for stimuli within awithin a pair were judged to be the same, and to point to a
pair, and the gap duration vary, was one change from theicture of a red square and a black triangle and say “not-the-
procedures of Fitclet al. (1980 and of Beskt al. (1981). In same” if the stimuli within a pair were judged to be different.
their one-cue conditions, gap duration remained the same fakll participants received practice with this procedure using
stimuli within a pair, and formant onset frequencies varied.recorded, natural tokens of sa and gfige same trials and
However, those investigators provided no reason, either prdive different trial3 before any testing started at all. If a
cedural or theoretical, for why they did it this wégr why it participant was unable to recognize four of the five “differ-
might matte). Because we wanted our standard to remairent” trials as differentwhile recognizing that all same trials
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TABLE IIl. Numbers of participants of each age who were unable to hearing that variable on the listener’s other two measuresng
the most different comparison stimulus as different from the standard "}egression equations derived from the group as a whole
each condition. Total numbers of participants are given in italics. . . . . .
This method of replacing missing data is fairly standard, and
Adults 7-year-olds s-year-olds  did not affect the overall outcome of the study because the

13 13 13 estimated values did not change relative percentages across
Two cooperating cues 0 0 > conc_iit_ions within groups, the result of_most intere_st. _If a
participant was unable to meet the practice or test criterion in
One cue 4 2 3 two conditions, those missing values were replaced with the

group means for each of those conditions. Again, this method
is generally accepted and should not affect overall outcome.
The computed-ratios and associatgotvalues are given in

were the same this natural practice set was presented aTabIe V.
$ P Looking at adults’ responses, the first trend we notice in

Se.cond time. If th? part|C|panF was still unable to meet .theFig. 2 and from the percentages provided in Table IV is that
criterion, the participant was dismissed. Then, as each stimu-

lus condition was introduced, practice was provided with theadults: were much better at discriminating pairs of stimuli in

most acoustically different stimuli in that condition. Again the two-conflicting-cues condition than would have been pre-
five same trials(with both members of the pair being the dicted from Fitchet al. (1980 and Beset al.(1981: Adults

standard stimulysand five different trial§with the standard discrimination was better in the two-conflicting-cues condi-

and the most acoustically different stimulugere provided. tion than |tnthe.or.1e-i:u§ ct:pnd||t|on. !n fact, adul(t;l n :}hls
If a participant was unable to recognize four of the five dif- experiment discriminated simulus pairs more readily when-

ferent trials as differen{while recognizing that all same ever two cues distinguished the members of the pairs than

practice trials were the sameéhe practice set was presented when ontly done cuilldltd,dr.eg?rdless ?ftr\:v hetr:er the ttxv o cues
a second time. If the participant was still unable to meet thecofpderiﬁ or Cﬁr! icted in ermsto .ﬂ? tﬁateg]?gl re>|/ SIg-
criterion, the participant was not tested in that condition. Fof1ai€d. This result is commensurate wi at or tilersil.

testing, the standard was paired with all comparison stimul‘rllggah' Looking at thi st_atlsflcal re_s“'(j.s n Tgble :j/[\)N € ZET
in that condition(including itselj ten times eacHi.e., ten that the percentage of stimulus pairs discriminated by adults

blocks of ten pairs The order of presentation of conditions @ffered across all three conditions, as indicated by the find-
was randomized across participants. During testing, partici

Two conflicting cues 3 3 5

ing that all thred-tests were significant. Thus, for adults, the

pants needed to perform at 80% accuracy for the most dif?atern of response was clearly two cooperating cue/o

ferent stimuli. Data were discarded for any participant whoconflicting cues> one cue. _
Results for 7-year-olds mirror results of adults in that the

did not attain this level of performance. Discrimination func-

tions were derived for each condition, and are the percentagdder of discrimination functions is simildtwo cooperating
of not-the-same responses at each level of gap duration. cUes> two conflicting cues> one cug, although the trend
is not as strong. In particular, discrimination in the one-cue

condition was not as poor as that of adults: the function for
the one-cue condition is closer to those of the other two
Table 11l shows the numbers of participants of each agdunctions than is the case for adults. For 7-year-olds, the only
who were unable to meet the practice or test criteria in eachtest to reach statistical significance was the one-cue versus
condition, out of the 13 participants of each age who couldwo-cooperating-cues conditions, the best- and the poorest
do the task in at least one condition. Two findings are notediscriminated stimuli.
worthy. First, out of all participants, only two 5-year-olds For 5-year-olds, the order of discrimination functions is
were unable to meet the criteria for the two-cooperating-cuedifferent from that of the two older groups: Performance was
condition. In other words, if a listener was able to discrimi- similar for the two-cooperating-cues and one-cue conditions,
nate stimuli in only one condition, it was likely to be the but poorer for the two-conflicting-cues condition. Looking at
two-cooperating-cues condition. Second, there was no pathe statistical results in Table V, botHests involving the
ticipant who was able to do only the two-conflicting-cuestwo-conflicting-cues condition were statistically significant,
condition. indicating that 5-year-olds really were worse at discriminat-
Figure 2 displays the percentage of not-the-same reing these stimuli than the stimuli in the other two conditions.
sponses at each level of gap duration, for each conditionThe one-cue versus two-cooperating-ct#sst was not sta-
Table IV lists mean percentages of not-the-same responséistically significant
for each condition. For each age group, matctigzbts were Although differences among age groups in discrimina-
done comparing the percentages of not-the-same respongésn for individual conditions was not the main focus of this
for the one-cue versus two-cooperating-cues conditions, thstudy, we did perform ANOVAs on percentages of not-the-
two-conflicting-cues versus two-cooperating-cues condisame responses for each condition, with age as the factor.
tions, and the one-cue versus two-conflicting-cues condiPairwiset-tests were also computed. Results of these analy-
tions. For these statistical analyses, missing data were rses are shown in Table VI, and indicate that a significant
placed using generally accepted procedures. If a participamffect of age was found for all conditions. The pairwise
was unable to meet the practice or the test criterion in just-tests confirm impressions from Fig. 2 and Table IV: For the
one condition, that missing value was estimated by regres®ne-cue condition, 7-year-olds showed greater sensitivity to

B. Results
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FIG. 2. Mean discrimination functions for each age

50 - group from experiment 2. Filled squares represent re-
sults for the two-cooperating-cues condition; filled

circles represent results for the two-conflicting-cues
o5 | condition; open circles represent results for the one-cue
condition.
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TABLE IV. Mean percentages of “not-the-same” responses for each agedifferences between stimuli than adults, but adults and

group (with standard deviations in parenthese®r all three conditions. 5—year-0|ds showed similar sensitivities. Eor both conditions
Number of participants in each group included in computations is given in. . T
involving two cues, 5-year-olds showed poorer sensitivities

alios than listeners in the other two groups.
Adults 7-year-olds 5-year-olds
13 13 n IV. DISCUSSION
Two cooperating 76.5 72.8 60.9 This study was originally undertaken to examine
cues (134 (104 (159 whether children would show the same pattern of perceptual
12 12 10 coherence for speech that adults showed in studies by Fitch
One cue 52.4 61.9 57.6 et al. (1980 and Bestet al. (1981). In those studies, adults
(7.9 (9.9 (10.8 demonstrated enhanced discrimination for pairs of stimuli in
which two cues cooperated in terms of which category they
- 12 12 8 signaled, but a reduction in discriminability when those same
Two conflicting 62.6 64.3 49.0

cues 12.6 (18.1 ©.5 cues conflicted in terms of which category they signaled. To
use the notation of Begt al, the pattern of results found in
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TABLE V. t-ratios andp-values(given in parenthesgdor each matched TABLE VI. F-ratios andp-values(given in parenthesggor overall tests of
t-test, for each age group. Degrees of freedom are 12 for each group.  age effect for each condition given in the first row, with Bonferroni signifi-
cance level of eachtest in subsequent rows. Degrees of freedom are 2,36

Adults 7-year-olds 5-year-olds for the F-ratios, and 36 for eachtest.
One/ —5.70 —-3.75 -0.72 One cue  Two cooperating  Two conflicting
two cooperating (<0.00) (0.003 (0.489
F-ratio 4.07 5.16 5.53
Two conflicting/ -3.29 -1.77 —3.06 (0.026 (0.011 (0.008
two cooperating (0.007 (0.102 (0.010
Adults vs 7 years 0.05
One/ —-3.27 —0.57 3.58
two conflicting (0.007 (0.576 (0.009 Adults vs 5 years 0.05 0.05
7 vs 5 years 0.10 0.05

those studies was two cooperating cuesone cue> two

conflicting cues. Unlike those reports, however, the adults in

the present study showed enhanced discrimination abilitiebetter than expected at judging that two stimuli in the two-
any time two cues differed between members of the pairconflicting-cues condition were probably not the same when
regardless of whether cues were set to cooperate or conflicdtandard and comparison differed in gap durations by only a
Using Bestet al’s notation again, the pattern of results was small amount: The function is never close to “0% not-the-
two cooperating cues two conflicting cues> one cue. This same responses(except of course when the stimuli are
finding indicates that adults could either recover the separatghysically the same as it was in the one-cue condition.
acoustic properties and do a simple summation to obtain Blowever, adults never attained the same level of accuracy in
measure of auditory difference, or could derive unitary, disjudging that stimuli were different from each other in the
tinctive percepts of the stimuli that were not tied to linguistic two-conflicting-cues condition that they attained in the two-
labels. Deciding between these two possibilities is beyonadooperating-cues condition: Even at the shortest gap dura-
the scope of this study, but in either case, adults were clearlgons (0 to 16 m3, where the largest differences between
not obliged to hear these signals strictly according to thestandard and comparisons existed, adults did not discrimi-

principles of phonetic coherence. nate comparison stimuli from the standard 100% of the time
It is, of course, tempting to suggest that our conclusionsn the two-conflicting-cues condition.
differ from those of Fitchet al. (1980 and Bestet al. (1981 Results for 7-year-olds mirror those of adults, but differ-

because our procedures differed such that standard stimulesces across conditions were not as well-defined. The pattern
and most comparison stimuli varied more in how acousti-of results was two cooperating cuestwo conflicting cues
cally different they were from each other than the two stimuli> one cue, as it had been for adults. However, onlytitest

in any one triad of those earlier experiments. However, théor the one-cue versus two-cooperating-cues conditions
major difference between results of this study and that ofeached statistical significance. Failure to find a significant
both Fitchet al. and Bestet al. (that adults discriminated difference between the one-cue and the two-conflicting-cues
between stimuli in the two-conflicting-cues conditiomas  conditions(as was found for adults’ datgrobably reflects
found when the standard and comparison did not differ muchwo facts: variability in discrimination performance was high
in gap duration. In other words, this result was not obtainedor 7-year-olds in the two-conflicting-cues condition, and the
only for large interstimulus differences. Besides, our resultsnean function for 7-year-olds in the one-cue condition was
largely replicate those of Eilerst al. (1989. Of course, atalonger gap duration than that of adults. In other words, a
some aspects of the procedures used by Ededd. differed  large part of the reason for the difference in statistical find-
from those of Fitchet al, of Bestet al, and of this study. ings for 7-year-olds and adults is that 7-year-olds showed
For example, Eilerset al. used a repeating background betterdiscrimination in the one-cue condition, not that they
stimulus that was interrupted for brief periods by comparisorshowed poorer discrimination in the two-conflicting-cues
stimuli. Nonetheless, both that study and this study foundtondition. The variability in discrimination performance for
that adults’ discrimination was better when two cues differedthe two-conflicting-cues condition can probably be offered as
across stimuli than when only one cue did, regardless othe major reason that a significant difference was not found
whether the two cues cooperated or conflicted regardingpetween the two-cooperating-cues and the two-conflicting-
which linguistic category they signaled. Apparently, the pro-cues conditions.

cedures of this study and of Eileet al. were simply more Five-year-olds were the one group that performed as
sensitive than those of Fitakt al. and Bestet al. predicted based on Fitat al. (1980 and Bestt al. (1987,

At the same time, adults’ discrimination of stimuli in the at least with regard to the finding that discrimination was
two-conflicting-cues condition was not as good as in the twohindered when the two acoustic properties differed across
cooperating-cues condition in this study. The proportions oitimuli in terms of which linguistic category they signaled.
not-the-same responses given to stimuli in the two-Unlike the adults in those studies, however, 5-year-olds did
conflicting-cues condition were not as high as those in thewot discriminate stimuli any better when the two acoustic
two-cooperating-cues condition. Also, the shapes of the disproperties covaried appropriately in terms of which linguistic
crimination functions were different for the two-cooperating- category they signaled than when only one property varied
cues and the two-conflicting-cues conditions. Adults wereacross stimuli. As a result, it might be suggested that there
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was no coherence of signal components for 5-year-olds, thaxperience with systematic covariation, and this account has
instead decisions were based solely on gap duration. Howbeen used to explain the role of multiple cues in speech
ever, results from the labeling experiment contradict thaperception(e.g., Holt, Lotto, and Kluender, 2001; Kluender
suggestion: the separation between labeling functions deet al, 1998. Earlier descriptions of phonetic coherence
pending orF2 onset was exactly the same for 5-year-olds agnade a distinction between coherence in the perception of
it was for adults and 7-year-olds, indicating that these chil-speech signals and coherence in the perception of other sig-
dren were sensitive to and used both Bf#onset cue with nals largely by suggesting that covariation of signal attributes
the gap-duration cue. Thus we suggest that, in fact, 5-yeafor speech is specifically a consequence of articulatory
olds categorized stimuli, and made their discrimination judg-movement. Nonetheless, the suggestion has commonly been
ments strictly based on those categories. that phonetic coherence results from extended experience
It might also be suggested that 5-year-olds were simplyvith covariation among acoustic properti@gain, see Best
poor at discriminating stimuli, perhaps due to general diffi-et al, 1989. In this experiment, however, the greatest evi-
culty with the task. However, there is no evidence of that fordence of coherence for these speech signals was demon-
the 5-year-olds included in the analyses for each conditionstrated by the least-experienced listeners. The more experi-
Their discrimination thresholds were not at particularly briefenced listeners in fact showed evidence of having learned
gap durationsi.e., far from the gap duration of the standard how to separate components of the signal.
and variability was not much greater for 5-year-olds in any  In summary, we found evidence of strong coherence of
condition than it was for the other groups. In sum, we haveseparate acoustic cues in the speech perception of young
every reason to believe that these 5-year-olds were discrimehildren. With hindsight, perhaps this finding should not
nating these stimuli with no particular difficulty. have come as a surprise. An important developmental task
What then are we to conclude about how acoustic propfacing young children is learning how to produce the articu-
erties are integrated in children’s speech perception? We sudptory gestures required of their native languages, and so
gest that speech perception from a very young age promotdBose gestures are extremely relevant ecologically. Learning
coherence of signal properties. Apparently, it is only withto strip off the individual acoustic properti¢which on their
experience that listeners are able to discriminate stimuli ifPWn are ecologically irrelevahis a perceptual skill that may
which acoustic properties do not covary together to specify?nly be acquired later. Thus, children do not discover pho-
linguistic categories, and so come to discriminate pairs oft€tic coherence; instead, they learn to overcome it when nec-
stimuli that receive the same category labels. In other wordsZSsary-
human listeners learn to overcome the coherence of indi-
vidual cues that normally characterizes speech perception tHCKNOWLEDGMENTS
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performed better than expected for the two-conflicting-cues

condition. From that we conclude that adglts were able_ eltheﬁt should be borne in mind that whether cues within a stimulus are de-
to recover the separate acoustic properties or to derive Uniscribed as “cooperating” or “conflicting” is only meaningful in relation to
tary percepts that did not depend on phonetic coherence. lhow cues were set for the other stimulus in the triad. For example, in the

other words. it is possible that the adults were using one c)f:wo-cooperating-cues condition, stimuli witlit ] formant onset frequencies
’ sometimes had silent intervals much longer than would be foungsfiof

these general-purpose processing strategies. The respong&asural speech. However, in this condition, these stimuli always had the
patterns of 5-year-olds across conditions did not resembl&horter interval of the two, and so cues are described as cooperating. As

those of adults, and so we conclude that the perceptual coanother example, in the two-conflicting-cues condition, stimuli viit]

- - - ;. -formant onset frequencies could have silent intervals that would very likely
herence observed in their data was based on different PMNbe found for[split] in natural speech. Nonetheless, as long as these stimuli

ciples, and the principles of phonetic coherence seem th@ag the shorter interval of the two in the pair, the cues are described as
best candidates. Again, principles of phonetic coherence sugeonflicting. Thus, the terms “cooperating cues” and “conflicting cues”
gest that signal properties cohere when they arise from thglave precise definitions in this context. N _

. . . Eilers et al. (1989 actually included two one-cue conditions by having
same articulatory event. Children mus_t be atte_ntlve to thes(astimuli in a pair differ only on consonant periodicity or only on vowel
events because they need to recover information that allowguration. However, some infants performed near chance in the one-cue

them to learn how to move their own vocal tracts in order to condition where stimuli differed on consonant periodicity, and so we report
produce the sounds of their native language. trils;e only on the one-cue condition where stimuli differed on vowel dura-

The flndlng that_5'year'0|ds aCtua”y demonstrated EVi<of course, finding similar response patterns for adults and children in this
dence of stronger signal coherence than older listeners hagudy might indicate something other than that phonetic coherence for
implications not only for developmental theories of speechspeech signals is innate. It could indicate that children had acquired the
perception, but for general theories of perceptual organizaPerceptual strategies of adults by the age of 5 years. However, concern
. - about this alternative explanation would only arise if adults and children
tion, as well. One view of perceptual coherence holds that,ere found to respond similarly.

multiple attributes come to be perceived as a group followingThe verbal label not-the-same was used instead of different because the
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