Synchrony capture hypothesis fails to account for effects
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Kluender et al. [J. Acoust. Soc. Am.97, 2552-2567(1995] reported that overall stimulus
amplitude affects perception of the voicing contrast in syllable-initial stops as a function of
frequency separation between the first forméft) and higher formant$F2, F3. These results

were offered as support for a hypothesis fhavoice] could be signaled by a shift in the temporal
pattern of neural firing from synchronizing to energy at frequencies of F2 and F3 to synchronizing
to energy near F1. Several predictions from this “synchrony capture hypothesis” were tested in the
current study. In all cases the hypothesis was not supported. Effect of stimulus amfititrdased
voiceless responses with higher amplitusas maintained when there was no cutback in F1 or
when F2 and F1 energy bands were presented dichotically. In further tests of the hypothesis,
voice—voiceless series were created that maintained periodic energy throughout the Gyitable

F1 cutback signaling voicing Energy just below the frequency of F2 and energy above F1 were
presented dichotically. Thus, at the periphery there was no competition between frequencies near F2
and lower frequencies. In contrast to predictions of the “synchrony capture hypothesis,” overall
amplitude still had an effect on voice—voiceless identifications. 2@2 Acoustical Society of
America. [DOI: 10.1121/1.1433809

PACS numbers: 43.71.HEWT]

I. INTRODUCTION voicing. Kluenderet al. (1995 proposed that this change in
o . o dominant synchronization for a population of fibers at the
The voicing contrast in syllable-initial stop consonantsnset of periodicity was a potential signal for voicelessness.
has been a major interest of speech perception researchgsgor to voicing invoicelessstops, there is little energy near
for many years. This is due in part to the ubiquity of the p1 4nq the vocal tract is excited by an aperiodic aspiration
voicing distinction in languagegMaddieson, 1984and in  goyrce. As a result, mid-CF fibers have an opportunity to
part to the apparent complexity of the mapping from stimu-gynchronize to frequencies near F2 and F3 prior to being
lus attributes to perception of the contrast. There are a NUMantured” by F1 energy. In contrast, the release of occlu-
ber of spectral and temporal acoustic attributes that havgjyn and onset of voicing inoicedstops(in English tend to
been shown to affect the identification of a stop as voiced Ope near simultaneous. Thus, there is energy near F1 from the
voiceless(Stevens and Klatt, 1974; Lisker, 1975; SUmMMer-gnset of the consonant and no time for mid-CF AN fibers to
field and Haggard, 1977; Soli, 1983; Kluender and Lotto,qynchronize to F2 prior to a change in dominant synchroni-
1994. L zation. Therefore, according to the SGihangein dominant
One attempt to account for the joint effects of some ofgynchronization of a large population of mid- and high-CF
these spectral and temporal cues is the synchrony captuffyers s potential information to the voice contrast at the
hypothesis(SCH) offered by Kluenderet al. (1995. This neural level.
hypothesis was developed from consideration of the neural  ggyeral predictions were derived from this hypothesis
response to voiced and voiceless stops and was inspired, §icaq on previous empirical work on neural synchr(®g-
particular, by the work of Sinex and his colleagues on audithg ang Abbas, 1976: Javel al, 1983. These predictions
tory nerve(AN) responses to consonant-vowelV) stimuli \yere tested by presenting listeners series of synthesized CV
(Sinex and Geisler, 1983; Sinex and McDonald, 1988, 1989:'syllables that varied from voiced to voiceless. The first pre-

Sinexet al, 199]. In investigations of synchronization pat- gjction was that increases in overall amplitude of CVs should
terns in chinchilla AN fibers, Sinex and MacDonalth89 ogit in more stimuli being identified as voiceless. This pre-
demonstrated that mid- and high-CF fibers often respondegc(ion arises because synchrony capture, the relative domi-
in synchrony to frequencies near the second forni@t of 506 of the synchronization by one frequency component
the CV prior to the onset of v0|_cmjg.These same fibers oy er others, increases with increased amplit(itevelet al,
changed their dominant synchronization to components nealggg |n addition, increases in intensity lead to an extension
the frequency of the first formaxi1) following the onset of ¢ e |ow-frequency tails of the response area for a neuron.
That is, as amplitude increases, the likelihood of a mid-CF
dElectronic mail: alotto@wsu.edu fiber being sensitive ttand becoming synchronized) toom-
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ponents near F1 increases. If this change signals voiceleskess stimuli is because there is little or no energy in the
ness, as proposed by the SCH, then higher amplitudes shouldgion of F1 prior to voicindreferred to as F1-cutbagkOne
result in more voiceless identifications. In agreement withway to eliminate or diminish this potential cue is to present
this prediction, Kluendeet al. (1995 reported that voiceless CVs with energy present in the region of F1 throughout the
identifications increased monotonically as CV amplitude in-stimulus. With the elimination of F1-cutback most mid-CF
creased from 40 to 60 to 80 dB. fibers should synchronize to F1 from stimulus onset. Thus,

The second prediction was that a decrease in the frethere will be a greatly diminishechangein synchronization
guency separation of F1 and F2 would enhance the effect db act as a cue. If modulation of the strength of the synchro-
amplitude on voicing judgments. The rationale for this pre-nization cue is the explanation for amplitude effects on voic-
diction was that if F1 and F2 were closer in frequency, therning judgments, then CV series without F1-cutback should
energy from F1 would be more likely to fall within the low- show a smaller identification shift with change in amplitude.
frequency tails of a larger population of the fibers that origi-
nally synchronized to F2 at stimulus onset. At the onset of
voicing, this large group of fibers would more likely switch A. Methods
dominant synchronization to F1, resulting in a more robust
signal for voicelessness. Kluendet al. reported the results 1. Stimuli
of several experiments that upheld this prediction. When F1
onset frequency was increased or F2 frequency decrébged
changing place of articulation of consonant or identity of
following vowel) the effect size of amplitude on identifica-
tions was increased.

The SCH is appealing because it relates neural represe
tations to behavior and it appears to account for some of th
interaction of spectral and temporal attributes in determinin
the voice contrast judgment. The results of Kluendeal.
(1995 related above matched novel predictions made by th

Two series of three-formant syllables were created based
on the series used in experiment 2 of Kluendeal. (1995.
One series varied perceptually from /ba/ to /@abial). The
other series varied perceptually from /ga/ to /Keélan.
Stimuli were generated using the parallel branch of the Klatt
1980 software synthesizer. The only difference between
timuli in the two series was the frequency of F2 onset. For
Yhe labial series, F2 began at 800 Hz, increasing linearly to a
steady state of 1220 Hz after 45 ms. For the velar series,
. I . ) ®2-onset frequency was 1950 Hz, decreasing linearly to a
hypot_heS|s. In agldlt_|on, Kluendet al. ruled out differential ?teady state of 1220 Hz after 45 ms. F1 and F3 parameters
mask_lng of a§p|rat_|(_)n energy as a cause for the eff_ect_ Qvere the same for both series. The frequency of F1 at stimu-
amplitude on identifications because the effect of asplratlorlhs onset was 300 Hz, rising to 750 Hz over the 45-ms tran-
level was shown not to interact with overall stimulus Ievel.Sition duration. F3 beé]an at 1200 Hz, increasing to a steady

The SCH seems to be well s_upported. I . .state of 2600 Hz over the same period. Fundamental fre-
The purpose of the experiments reported in this article i uency §0) was 128 Hz at the beginning of the syllable and

to further test the hypothesis by examining some addition ecreased to 100 Hz over the last 50 ms. Overall stimulus

predictions of the SCH. The studies reviewed above teste uration was 300 ms.

the viability of the SCH by manipulating stimulus param- For each series, there were 13 stimuli differing in the

eters thought to enhance the likelihood of synchrony capturey, -ation between sti;‘nulus onset and voicing of§e65 ms

The predictions of the hypothesis would be that these Mas 5. ms steps Prior to the onset of voicing, all formants

nipulations should lead to more_voicelessjudgments and th‘%ere excited with a noise sourd¢amplitude of aspiration
these effects would be a function of overall stimulus IeveI.Synthesizer control parameter AH65). Note that, while

t mid-CF fib hanaing their dominant hronization i Kluenderet al. (1995 covaried F1-cutback with the aspira-
or mid- IDErs changing their dominant synchronization Ny, , energy, onset of F1 energy and the onset of energy near
%2 and F3 are contemporaneous for these stimuli. All stimuli

fo.r voicelessness. The predlcthn of the SCH that this were matched in rms amplitude of the steady-state portion of
will lead to the absence of voiceless responses. There at s vowel

certainly other attributes that can signal voicelessness, and ~ oy i were synthesized with 12-bit resolution at a 10-
synchrony capture was never meant to be the sole determin Az sampling rate and stored on computer disk. Stimulus
of th_e perception of th_e contrast. Instead, the SCH woul resentation and data collection were under the control of a
predict that without major shifts in temporal encoding from microcomputer. Following D/A conversiofAriel DSP-16
F2 to F1, overall stimulus amplitude should have a reduced; . i were low-pass filtere@Frequency Devices 677 c,ut—
or nonexistent effect on voice judgments. That is, if the eX~off frequency 4.8 kHy prior to being attenuatedAnafog
planatri10n for thi arrdplitude eﬁgct s .d:'lle to dsyncc:jhr?fny Caﬁ’Devices AD7111 digital attenuator amplified (Stewart
ture, then one should see a substantially reduced effect w
changes in dominant synchronization a)r/e limited. q*nDAA')’- and played over headphoneyer DT-100. For
each stimulus, the rms energy of the steady-state vowel was
matched to a 1000-Hz sine wave of 40, 60, or 80 dB &®L
intensity. Calibration of the audio presentation was accom-
The SCH of Kluenderet al. (1995 suggests that the plished by using a Brel & Kjaer system consisting of a
changein dominant synchronization for mid-CF fibers from flat-plate adapteftype DB0843 on an artificial ear(type
components near F2 to components near F1 during a CV is4153 with in. microphone(type 4134 and sound level
cue to voicelessness. The reason this change occurs in voicgeter (type 2203.

II. EXPERIMENT 1: LACK OF F1 CUTBACK
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2. Subjects 65

. . m80 dB
Fourteen college-aged adults participated. All subjects 55 | 60 dB
learned English as their first language and reported normal @40 dB

S
o

hearing. Each participant received class credit in an Introduc-
tory Psychology course.

35.84

3. Procedure

N
(S
L

One to three subjects were run at one time in three
single-subject soundproof chamberSuttle Equipment
Corp) during a single experimental session consisting of 12-
min test periods separated by brief breaks. During each of Labial Velar
the three test periods, the two ser{&bial and velar of 13 Series
stimuli (5- to 65-ms aspiration noise duration in 5-ms sjeps
were presented three times in random order at each of tH:éG' 1. Mean boundary value@nd attendant standard errpfer each

h . o series(labial and velar from experiment 1. The parameter is the overall
threg intensity Ie\(el(;40, 60, and'80 dB This yleIQed a 'Fotal presentation level80, 60, or 40 d&
of nine presentations of each stimulus at each intensity level.
Participants were instructed to press a button labeled “BDG”

if they heard the syllable as beginning with one of these® the boundarigsprovided an equivalent pattern of results.

consonants or to press a button labeled “PTK” to indicateGreater stimulus amplitude led to significantly more “voice-

that they perceived one of these consonants. The alveol!aer_?rs] trhesponsEEF(fZ,éﬁ): 221tllo<tr? .OOSr]].tln fagreelp:e;t
responsesD,T) were included in the unlikely case that the Wi € resulls ot Kluendeet al, the etiect of amphtude

participants happened to hear some of the stimulus exenl o> slightly greater fof the labial sern§§(2,14)-= 9.01_,p
plars as /dal or /tal. Thus, responses were generally in ter < 0.005 for the interaction between place of articulation and

ms. .

of voiced versus voiceless. s%lmulus amp!ltud]a The Qgta F:Iearly demonstrate that the
effect of amplitude on voicing judgments is present even for

B. Results and discussion CV stimuli that lack F1-cutback, in opposition to predictions

Kluenderet al. (1995 did not include in analyses data °f the SCH.

from any subject who was not able to correctly label the A more lenient test of the SCH would be to demonstrate
endpoint stimulii.e., 5 ms as voiced and 65 ms as voicgessthat the effect of amplitude decreases substantially with no

at least 90% of the time. This was done to exclude partiCi_Fl-cutback even if it does not disappear outright. However,

pants who may have had difficulty with presentations of Sy|_the boundary shifts for these series were comparable to the

lables at 40 dB. The same criterion was used for inclusion of€S obtained by Kluendest al. In the present experiment
data in the present experiments. In experiment 1, 6 of 14he mean boundary shift for the labial series was ;4.71 ms
subjects failed to respond correctly for at least 90% of thet®mpared to 12.24 ms for Kluender al. (1995, experiment

presentations across the 12 end-point stimuli. This ratio 0?)' The respective vallues for the velar series are 1,1'_11 and
subject loss is slightly higher than that of Kluendztral. 3.77 ms. Thus, there is no support here for the predictions of

This may be due in part to the unnaturalness of the stoﬂ)he SCH. . )
consonants with no F1-cutbaik. One way to salvage the SCH given these results is to

Boundary values for each of the six seritabial/velar ~Suggest that despite the presence of energy near F1 during
X presentation levglwere calculated for each subject using € @spiration portion of the CV, this energy was not suffi-
probit analysis. The SCH would lead to the prediction thatCi€Ntly intense to capture the synchronization of mid-CF fi-
for each seriedlabial and velar boundary values should re- P€rs: The spectrum for the aspiration source in the Klatt
main fairly constant across presentation level. This is be11989 synthesizer is reIaUve]y flat. AS a result, the relative
cause the cue that is proposed to vary with amplitude, syn‘@‘mpl!““'de of the F1 peak will not differ as much from the
chrony change, has been diminished or eliminated. The meg#{"Plitude of the F2 and F3 peaks as when the voicing source
boundary for each condition is displayed in Fig. 1. As can bdS Used. Perhaps, this reduced difference in amplitude mini-
seen, the data do not support the prediction of the SCH. FdPized synchrony to F1 by mid-CF fibers. If this were the

each series, boundaries shift as a function of presentatictSe: then temporal responses of these fibers would still be
level. This shift is similar to that reported by Kluendsiral, ~ dominated by energy near F2 and F3. At onset of voicing,

i.e., more voiceless responses at higher overall amplitudes@MPlitude of energy near F1 increases and could capture the

Separate one-way within-subjects ANOVA were run ondominant synchronization of these fibers. That is, despite the

data for each series. These tests revealed that amplitudick Of F1-cutback, change in synchronization may remain a
based boundary shifts were evident for both the labialiable cue to voicing.

[F(2,14)=49.35,p<0.000]] and the velar [F(2,14)
=20.21,p<<0.0003 series. Calculation of protected least
significant differencéKeppel, 1982 revealed that identifica-
tion boundaries differed for each amplitude level in each  Experiment 1 attempted to eliminate the synchrony
series @=0.05). An analysis of the mean percentage ofchange cue to voicing by encouraging neurons to encode
[+voice] (“BDG” ) responses in each conditidas opposed frequencies near F1 for the duration of the stimulus. Experi-

Probit Boundary (msec)
w
[$)]

-
()]
|

[¢)]
I

lll. EXPERIMENT 2: DICHOTIC PRESENTATION
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ment 2 takes a complementary tack. The stimuli are manipu-
lated to eliminate the possibility of mid-CF fibers synchro- W80 ds

nizing to F1 frequencies at any time during the duration of 551 iggg
the CV syllable. This was accomplished by filtering the
45 1 38.02 39.25

stimulus and presenting low-frequency energy around F1 to
one ear and energy around F2 and F3 to the opposite ear.
Because there is no possible opportunity for AN fibers to
shift synchronization from F2 to F1, changing stimulus am-
plitude cannot make the shift more or less likely. According
to the SCH, this lack of amplitude affect on synchronization
change should eliminate or greatly reduce the effect of am-
plitude on voicing judgments.

Probit Boundary (msec)
[\ w
[} o1

=y
(9]
L

(&)}
:

Series

A. Methods

1. Stimuli FIG. 2. Mean boundary value@nd attendant standard errpifer each
’ series(labial and velar from experiment 2. The parameter is the overall
Again, velar and labial series of 13 synthesized CVspresentation leve(80, 60, or 40 dB.

were created. These stimuli were identical to the original

series used by Kluendet al. (1995, experiment )2 Unlike

experiment 1, energy in the region of F1 was attenuated durFheir data were not included in the analyses. Probit bound-
ing the aspirated portion of the signal as occurs in naturafiries were computed from the identification curves of the
productions. This was accomplished by manipulating the amremaining 20 subjects. Mean boundaries for each sédes
plitude of the filter associated with Rparameter A1 setto 0 bial and velay at each amplitud¢80, 60, and 40 dBare

at syllable onset and to 55 at voicing ons&ach CV was presented in Fig. 2.

filtered twice using a sharfeight-pole elliptical digital fil- A one-way ANOVA was computed on boundary values
ter. For both filters, the cutoff frequency was 1000 Hz. Onefor each series separately. Boundary values decreasec
filter was high pass, resulting in a filtered CV that containedvoiceless responsgwith increases in overall amplitude for
only the second and higher formants. The other filter wadoth the labial seriefF(2,38)=111.68,p<<0.000] and the
low pass, resulting in a filtered CV containing predominantlyvelar serieg F(2,38)=51.12,p<<0.0001. Post hoctests re-

F1 information. For velar stimuli, this low-pass filtered vealed that the boundaries differed significantly at all three
stimulus contained no appreciable information about F2 agresentation levels for labial stimuli. For velar stimuli, the
this formant started at 1950 Hz and decreased to 1200 Hidentification boundary for 40 dB presentation level differed
For the labial stimuli, there was some F2 energy present ifrom both the 80 and 60 dB levels, but the two higher-level
this low-pass filtered CV due to the low F2-onset frequencyconditions did not reliably differ from each other. An equiva-
of these syllable$800 H2. Given the formant structure of lent pattern of results is present in the mean percentage of
the labial syllables, this residue F2 energy was unavoidabld+Vvoice] (“BDG” ) responses. Across place, there is a sig-
Other than this case, discrete FFTs demonstrated that thiwficant effect of stimulus amplitud¢F(2,38)=87.71,p
filtering resulted in the desired segregation of spectral en=0.0001.

ergy. Filtering was performed off-line and stimuli were saved = These data do not support the predictions of the SCH.
to disk. The two filtered portions of the CVs were presentedVid-CF fibers in the right ear should have synchronized to
time-aligned to opposite ears at 80, 60, and 4Qa@plitude the components of F2 and F3 at stimulus onset and there

of entire stimulus prior to filtering would be no opportunity to change synchronization to F1
because there was no energy near F1 presented to that ear. In
2. Subjects the left ear, for velar stimuli, there was little or no energy at

Twenty-two college-age adults participated for Psycho|_stimulus onset followed by energy near F1 at the onset of

ogy course credit. All reported normal hearing and learned/©icing. Thus, mid-CF fibers would again have no opportu-
English as a first language. nity to shift dominant synchronization. For velar stimuli,

there should be no change-in-synchrony cue in the firing
patterns of the VIlith nerve for either ear. The SCH would,

therefore, predict no effect of amplitude. However, there was
bn average boundary shift of about 7 ms for the velar series,
Which is even larger than that obtained in the original experi-

3. Procedure

The procedure was identical to that used in experimen
1. On each trial, the participants were presented both po
tions (high and low pagsof the filtered CVs at one of three ments of Kluendeet al
amplitudes(80, 60, or 40 d The Iow-pass p(')rtlon. yvas The results of experiments 1 and 2 provide little evi-
always presented to the left ear. Participants identified thﬁence supporting the notion that modulation of the shift in

syllable-initial consonant as *BDG” ar *PTK.” synchronization of AN fibers from F2/F3 to F1 is the basis
for the effect of amplitude on voicing judgments. However,
an alternative synchronization shift cue may account for
Two subjects failed to meet the criterion listed for ex- these data. At the onset of voicing in a CV syllable, there is
periment 1 of 90% correct identification across endpointsnot only onset of F1 energy but also onset of energy at the

B. Results and discussion
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fundamental frequency. Mid-CF fibers could change their 65

. o - m80 dB
dominant synchronization from F2/F3 t0 at voicing onset. 55 §60dB
This shift could potentially serve as a cue to voicelessness. 740 dB

IS
o
L

This slightly modified version of the synchrony capture hy-
pothesigmod-SCH would be compatible with the results of
experiment 1. The lack of F1 cutback would not affect this
shift. What is important for mod-SCH isfO cutback,” so to
speak. The aspirated portion of the syllable would allow AN
fibers to fire in synchrony to components near F2/F3. Then,
the fibers’ temporal patterns may encdd@eat voicing onset.
The mod-SCH may also be compatible with the results
of experiment 2. Despite the filtering of lower frequencies,
fO remains present in the high-pass CV stimuli in the har+g. 3. Mean boundary valuend attendant standard errofer each
monics. Theoretically, mid-CF AN fibers in the right ear series(labial and velar from experiment 3. The parameter is the overall
could first synchronize to F2 and F3 and then switch synPresentation level80, 60, or 40 dB
chronization tof 0 at onset of voicing. The likelihood of this
shift would be dependent on amplitude, with more fibers2. Subjects

_shifting synchrqnization at louder pre_sen_tation levels. Thus,  Twenty-eight college-aged adults participated in the ex-
if the change in temporal synchronization were a cue tgeriment for class credit. All reported normal hearing and

voicelessness, one would predict more voiceless judgmentspglish as their native language. None of the subjects had
at higher intensities. This is exactly the pattern of results imparticipated in experiments 1 or 2.

experiment 2. In order to test the SCH-mod, experiment 3
was designed as a variation of experiment 2.

32.97 33.53

.

Probit Boundary (msec)
N w
[¢)] (]

-
(o))
L
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Labial Velar

Series

3. Procedure

The procedure was identical to experiment 2. Only the

IV. EXPERIMENT 3: DICHOTIC PRESENTATION, NO 70 stimuli were changed.

CUTBACK

In order to eliminate the possibility of mid-CF fibers g Results and discussion

changingdominant synchronization té0, stimuli were cre- o ) .

ated that signaled voicelessness only through cutback in F1  The stimuli used in experiment 3 were very unnatural.
energy. That is, periodic energy was present throughout th&n€ lack of delay in the onset of periodicity eliminates one
CVs. Absence or presence of energy in the region of gpf the most salient a_ttrlbutes of voiceless stlmull. _In addition,
remained as a cue to the voicing contrast. These stimuli werd® Syllables were filtered and presented dichotically; a de-
then filtered and presented dichotically as in experiment 2¢idedly unlikely acoustic event outside the laboratory. Not
These manipulations should, in tandem, significantly reduc&UrPrisingly, many participants had difficulties consistently
the possibility of sharp changes in synchronization durindabellng_these stimuli. What may be surprising is that 25% of
the CVs. It is clear in this case that the SCahd the mod-  the Subjects(7 out of 2§ were able to label the syllable-
SCH) would predict that the effect of amplitude on voicing iNitial consonants well enough to pass the rather strict crite-
judgments should be reduced significantly or should disapt'o" of 90% correct across endpoints. Identification functions

pear completely. from these subjects allowed for the computation of probit
boundaries, which can be compared to the results from ex-
A. Methods periments 1 and 2. Given the large number of subjects failing
o to reach criterion, both sets of data will be examined sepa-

1. Stimuli rately below.

Two series of CVs were synthesized that were identical  Mean identification boundaries for each condition were
to those employed in experiment 2 except that periodic eneomputed from the data of the subjects who passed criterion.
ergy excited the formants throughout the syllable. That isMeans and standard errors of these boundaries are displayed
there was no aspirated portion in the initial stdggi=0 in Fig. 3. These boundaries were entered into separate one-
throughout. Each step of the series differed in the timing way ANOVA for each series. The analyses reveal that the
between syllable onset and the onset of significant energy ieffect of amplitude is statistically significant for both the
the region of F1(controlled by the amplitude of the filter for labial [F(2,18)=5.64,p<0.05] and velar serie$F(2,18)
the first formant; A1 parameterThis duration varied from 5 =6.03,p<0.01]. According topost hoccomparisons, the
to 65 ms in 5-ms steps. Each syllable was filtered using théoundary for the labial series presented at 40 dB differed
same filters as described in experiment 2. Because high-passignificantly from both the 80- and 60-dB boundaries, which
filtered syllables of each series did not change with varyinglid not differ from each other. For the velar series, the 80-dB
F1 cutback, the same base labial and velar high-pass-filterdsbundary differed from both the 60- and 40-dB boundaries,
stimuli served as one of the dichotic inputs for each membewhich did not differ from each other. Again, the effect of
of the series(the 5-ms F1-cutback stimulus in each gase amplitude can also be seen in analyses of the mean percent-
Thus, the input to this ear provided no information about theage off +voice] responsef~(2,12)=12.15,p<0.005 across
voice contrast. place of articulatioh
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TABLE I. Mean percentages ¢f-voice] responses for subjects failing to meet criterion in experiment 3. The
atypical data from one subject are presented. Results of one-way ANOVA are included for all subjects failing
criterion (df=2,57) and for the same group without the data of the atypical subjeet2,8%).

80 dB mean 60 dB mean 40 dB mean F-statistic p value
Labial series 56.07 65.22 68.98 3.16 0.097
(all subjects
\elar series 55.91 62.40 66.84 1.31 0.28
(all subjects
Labial series 94.88 54.71 13.66
(atypical subjeqt
Velar series 88.05 55.56 10.25
(atypical subjeot
Labial series 54.03 65.77 71.89 5.37 0.0074
(without atypica)
Velar series 54.22 62.76 69.82 2.87 0.065

(without atypica)

Because the number of subjects who did not reach crinipulations should reduce the shift in voiced—voiceless iden-
terion was so large, their data was analyzed separately to sééications that occur when overall stimulus amplitude
if they demonstrated similar trends to those described abovehanges. The results of these three experiments were un-
Identification data from these subjects did not provide func-equivocal. Whether F1 cutback was eliminated or lower and
tions that were amenable to probit analysis. As a result, meahigher frequencies were presented to opposite ears, the effect
percent[+voice] responses"BDG” label ) were calculated  of amplitude on voicing judgments remained undiminished.
for each subject in each condition. These means were entergd/en the extreme manipulation of deleting the delay between
into separate one-way ANOVA for each series. The meatimulus onset and voicing ons@nd presenting the stimuli
[+voice] judgmentsincreased as overall amplitudede-  dichotically) did not alter the effect of amplitude.
creasedfor both series. However, these differences did not  aApsent an explanation from the SCHhe robust effect
reach statistical significandsee Table)l In examining the ¢ amplitude on voicing judgments as well as the details of
individual data, one subject's responses were clearly abegfects related to frequency separation between F1 and
rant. This single subject showed a very large effect of amplinjigher formants remain unexplained. These identification
tude in the opposne direction from the _pattern present '”_th%hifts, first described by Van Tassell and Cruf@p8d), have
other 20 subjects’ data. When this subject's data were elimigp,;iq,5 implications for speech amplification. The size and
nated from the analyses, the effects of amplitude on voicingegjjiency of these effects are remarkable when compared to

Judgmhen(tjs rez?chedbstﬁtlstlcal S|g]1cn|f|ct,;fanjsee T_able])cl iy ol other speech perception effects. Stimulus amplitude effects
. The data from bot groups ot su .JeCtS paintafairly clear ) ineg strong through all of the stimulus manipulations of
picture. The effect of amplitude is still present even for CV

- . . . Kluenderet al. (1995 and the present set of experiments.
stimuli that do not offer an opportunity for mid-CF fibers to (1999 P P

hanae dominant svnchronization t mponents ofdid One alternative explanation for these shifts is that lower
change dominant synchironization o compone .S? amplitudes compromise the detection of the onset of aspira-
periments 1 and )2or fO (experiment 3 There isn’t any

evidence that these effects have been weakened by the stimtlqun' The duration between aspiration onset and voicing on-

lus manipulations for experiment 3. The original boundaryset is considered an important cue to the voicing distinction

it reponed by Kluendat sl 1989 were 1224 msfor ("X 1 A0Tsen: 1964 Cores pontr teted
the labial series and 3.77 ms for the velar series. For exper|- P y P P 9

ment 3, the respective shifts were 9.63 and 5.98 ms. Tht0 f\hsplratlo? ofr bqrst ogse:]art\d la ig;(;ﬁdsﬁeak corrzsgondlng
predictions of mod-SCH were not obtained. 0 the onset of voicingKoch et al, » onarma and Lor-

man, 1999. It is possible that when the amplitude of the
syllable is decreased, the neural representation of the aperi-
V. GENERAL DISCUSSION odic energy onset is more affected than the onset of voicing.

The synchrony capture hypothesis offered by KluendelPeriodic energy in natural speech is typically higher in am-
etal. (1995 produced novel predictions about human re-plitude [it was in all of the stimuli used by Kluendet al.
sponses to speech sounds based on data from encoding (8999] and the predictable nature of the periodic signal may
CVs in the auditory nerve. The fact that SCH predictionsprovide some protection from the effects of lower amplitude.
were consistent with multiple empirical tests provided anln contrast, the onset of aspiration energy may be easily
example of the utility of integrating neurophysiological re- compromised. From a signal detection viewpoint, more tem-
sults into speech perception theory. The experiments preporal information may be required to detect the onset of the
sented here were designed to further test the validity of thigspiration noise when the amplitude is decreased. This could
hypothesis. In each experiment, CV stimuli were manipu4ead to morg +voice| responses at lower amplitudes, which
lated to reduce the probability that mid-CF auditory nervematches the effect as reportééan Tassel and Crump, 1981;
fibers would change their dominant synchronization duringluenderet al,, 1995. In addition, this explanation would
the course of the stimulus. According to the SCH, these mapredict less of an effect of amplitude for velar stimuli. Velar

J. Acoust. Soc. Am., Vol. 111, No. 2, February 2002 A. J. Lotto and K. R. Kluender: SCH cannot explain level effects 1061



consonants are distinguished by a compact concentration éfluenderet al. (1995 concentrate on synchrony capture by F1 and gener-

aspiration energy as the frequencies of F2 and F3 begin C|osé||y ignore f0. Part of the reason for this is that the computational models

together. This should result in a clearer marking of the onse?" Which the SCH are basddenisonet al, 1991 use a synchrony mea-
. . sure that is fairly insensitive t60.

of the ,aSp'ratlon in those f_requency bands. As,a result, th%—iere we are dismissing the hypothesis that modulation of synchrony cap-

deleterious effects of amplitude would be ameliorated. ThiSture by Fi(or f0) underlies the effects of amplitude on voicing judgments.

prediction is supported in the current data and in data fromwe arenot claiming that synchrony capture does not exist in the auditory
Kluenderet al. nerve nor that synchrony capture has no effect on perception of auditory

As plausible as this explanation may seem, it also failsS9"3s:
to account for all of the data. In experiment 4 of Kluender
et al,, aspiration level was manipulated but did not interactm\/eI E.. McGee, J., Walsh, E. 3., Farley, G. R., and Gorga, V983
with the effect of overall stimulus amp“tUde' In their eXpe”'_ “Sui)pr'éssion of’ al.J’ditory r;er\'/e .r’espons’es.lll. .’Suppression’ threshc;ld and
ment 5, natural tokens were used with bursts present or fil- growth, iso-suppression contours,” J. Acoust. Soc. Aw.801—813.
tered off. Bursts should provide a compelling signal to stimu-Jenison, R. L., Greenberg, S., Kluender, K. R., and Rhode, {L991). “A

lus onset, but burst presence did not modulate the effects 0fcomposite model of the auditory periphery for the processing of speech
based on the filter response functions of single auditory-nerve fibers,” J.

amplitude. In experiment 3 of this report, the voice contrast ,.,.st Soc. Am90. 773—786.
was signaled only by Fl-cutback with periodic energykeppel, G.(1982. Design & Analysis(Prentice—Hall, Englewood Cliffs,
present throughout the stimulus. The resulting identification NJ).

functions still showed boundary shifts that were dependen‘f?t;zugt' %f,ﬁ%fg;“”;‘;“{ig"gsa cascade/parallel formant synthesizer,”
on amplitude. These three stimulus manipulations shoulg enger. k. R., and Lotto, A. J(1994. “Effects of first formant onset

have provided better markers for stimulus onset, yet none frequency or{-voice] judgments result from auditory processes not spe-
appeared to interact with overall amp"tude. cific to humans,” J. Acoust. Soc. An®5, 1044-1052.

The effect of amplitude on voicing judgments remainsk!uender. K. R., Lotto, A. J., and Jenison, R. {1999. “Perception of
voicing for syllable-initial stops at different intensities: Does synchrony

Une_Xplained- Synchrony capture cannot .ex.plain the effect. capture signal voiceless stop consonants?,” J. Acoust. SocORMR552—

While the present results most clearly eliminate synchrony 2567.

capture as an explanation for effects of amplitude, it must béfglcgé;-,gremtﬁayy *f(-,dD’ilJflm, IJ D_InCESth-, Caff;l”, _T-Iv and Kraus, N.
. h . . “Speech-evoke and mismatch neurophysiologic responses in

nqtgd that the only perception data supporting the SQH relied ; tioar implant users and normal listeners,” Assoc. Res. Otolaryngol.

critically upon amplitude effects being closely tied to apst. 20, 80.

changes in synchrony. As such, the SCH is left to rest solelyisker, L. (1975. “Is it VOT or a first-formant transition detector?,” J.

upon physiological observations from cat and chinchilla. Ab- Acoust. Soc. Am57, 1547-1551.

. isker, L., and Abramson, A. $1964). “A cross-language study of voicing
sent compelling new data from humans, the SCH must bé in initial stops: Acoustical measurements,” Wo2@, 384 —-422.

viewed with some skepticism. Maddieson, 1(1984. Patterns of Sound€Cambridge U.P., Cambridge
Sachs, M. B., and Abbas, P.(1976. “Phenomenological model for two-
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