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Recent findings in the domains of word and talker recognition reveal that listeners use previous
experience with an individual talker’s voice to facilitate subsequent perceptual processing of that
talker’'s speech. These findings raise the possibility that listeners are sensitive to talker-specific
acoustic-phonetic properties. The present study tested this possibility directly by examining
listeners’ sensitivity to talker differences in the voice-onset-tifMOT) associated with a
word-initial voiceless stop consonant. Listeners were trained on the speech of two talkers. Speech
synthesis was used to manipulate the VOTSs of these talkers so that one had short VOTs and the other
had long VOTs (counterbalanced across listenerShe results of two experiments using a
paired-comparison task revealed that, when presented with a short- versus long-VOT variant of a
given talker's speech, listeners could select the variant consistent with their experience of that
talker’s speech during training. This was true when listeners were tested on the same word heard
during training and when they were tested on a different word spoken by the same talker, indicating
that listeners generalized talker-specific VOT information to a novel word. Such sensitivity to
talker-specific acoustic-phonetic properties may subserve at least in part listeners’ capacity to benefit
from talker-specific experience. @004 Acoustical Society of America.
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I. INTRODUCTION more experience is gained with the speech of particular talk-
ers.

Listeners successfully understand the speech produced One line of research in particular strongly supports the
by many different talkers. Under normal conditions they ap-notion that listeners bring talker-specific information to bear
pear to do so effortlessly, despite the presence of a highuring speech processing. Several studies of word recogni-
degree of variability across talkers in the acoustic propertiesion have shown that familiarity with a particular talker's
of their speech, including those properties that specify paryoice improves word recognition performance, suggesting
ticular phonetic segmentge., consonants and vowglthat  that listeners can learn individual talkers’ characteristic
make up the words of the languag&llen et al, 2003; Hil-  implementations of phonetic segments and are thus better
lenbrandet al, 1995; Newmanet al, 2001; Peterson and aple to perform the mapping from acoustic form to phonetic
Barney, 1952 Traditional approaches have typically as- categories(Bradlow and Pisoni, 1999; Goldinger, 1996;
sumed that during the course of phonetic processing suckygaardet al, 1994; Nygaard and Pisoni, 1998; Sheffert and
individual talker variation is eliminated, or “normalized” Fowler, 1995. For example, Nygaareét al. (1994 trained
(e.g., Ladefoged and Broadbent, 1957; Miller, 18%us, it |isteners over a period of 9 days to recognize the voices of
has generally been assumed that talker-specific informatiog different talkers, and on the 10th day tested their ability
is discarded from the speech signal for the purposes of re¢p recognize novel words in noise. Listeners who heard
ognizing phonetic segmen(see Lach=t al, 2003. words spoken by familiar talkerghe ten talkers on whose

However, a growing number of studies have providedypices they had been trainederformed better in the word
converging evidence that linguistically relevant talker-yacognition task than did listeners who heard words spoken
specific information is not in fact discarded by the perceptuaby unfamiliar talkers(ten new talkers This study showed
system but is instead retained in memdsee Goldinger, that at least with extensive exposure, listeners were able to
1998, for a review It may be that individual talker differ-  penefit from talker-specific experience. Other evidence sug-
ences, rather than being a perceptual problem that must t8%36 that considerably less exposure might be required for
eliminated through a normalization mechanism, are insteafisieners to benefit from talker-specific experience: In a large
stored as useful information to be e>_<p|oited during speeclgtudy of word intelligibility, Bradlow and Pison{1999
processingsee Johnson and Mullennix, 1997; Nygaard andiqng that, holding talker identity constant for a given lis-
Pisoni, 1995. Memory for talker-specific acoustic-phonetic (gner over the course of a single experimental session, word
qurmatlon would allow I|§teners to customze for each €X-recognition performance improved from the first portion of
perienced talker the mapping from acoustic form to phonetiGhe session to the final portion of the session, after listeners
categories, thus permitting better perceptual performance a8,4 accumulated experience with the speech of the talker
over the course of the experiment.
dElectronic mail: j.miller@neu.edu Evidence from another domain, that of talker recogni-
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tion, also supports the notion that listeners are sensitive tbsteners are indeed capable of tracking individual talker dif-
individual talker differences in linguistically relevant acous- ferences in a particular phonetic property.
tic properties, and to phonetically relevant acoustic proper- The property tested was voice-onset-time, or VOT, an
ties in particular. Traditionally, talker recognition has beenacoustic property defined as the interval from the onset of the
thought to be mediated by acoustic properties distinct fronburst associated with a stop consonant to the onset of peri-
the acoustic properties involved with phonetic perceptionodic energy associated with a following vowel. VOT ro-
(Abercrombie, 196) These nonphonetic acoustic propertiesbustly specifies voicing in English stop consonants, with
have commonly been referred to as indexical acoustic proproiced stop consonanth d g)) having relatively short VOT
erties. Because individual talkers differ systematically in in-values and voiceless stop consonafgst k/) having rela-
dexical properties, listeners can use these properties as otieely long VOT values(Lisker and Abramson, 1964This
source of information to identify talkers from their voices property was selected for test for two main reasons. First, the
(see Bricker and Pruzansky, 197Recent experimeni§el-  VOT used to specify voiceless stop consonants is known to
loweset al,, 1997; Remeet al, 1997; Shefferet al., 2002 differ systematically from talker to talker, even when differ-
suggest that phonetic properties can provide another sour@ces among talkers in speaking rate are contraldin
of information that listeners can use to identify talkers. Inet al, 2003. Second, listeners are known to be sensitive to
fact, these experiments indicate that phonetic propertieBne-grained variation in VOT, even within a given phonetic
alone—in the absence of indexical properties—are sufficientategory (e.g., Carneyet al, 1977; Miller and Volaitis,
for talker recognition. In these experiments, sine wave syn1989. VOT was therefore deemed a good candidate as a
thesis(Remezet al, 1981 was used to create replicas of property that listeners might track in a talker-specific
sentences produced by ten different talkers. The sine wavmannett
replicas preserved the time-varying formant structure of the  The two experiments reported below addressed this is-
speech signal by using sine waves of the same central fresue using a training/test paradigm. Listeners were exposed
guencies as the first three formants. Thus, critical phonetieluring training to the speech of two different talkers produc-
cally relevant information was preserved while other infor-ing isolated words beginning with /d/ or /t/. Critically, the
mation, including indexical information, was eliminated. VOT of the /t/ tokens was manipulated, so that one talker had
Even with such drastically impoverished stimuli, Remezrelatively short VOTs and the other talker had relatively long
et al. (1997 showed that listeners could successfully recog-VOTs; which talker served as the short-VOT talker versus
nize most of the talkers by matching the sine wave replicashe long-VOT talker was counterbalanced across listeners. At
to the corresponding natural samples of the talkers’ voicedest, listeners were presented with two variants of a word
Other listeners who were highly familiar with the voices of from a given talker, differing only in VOT, and were asked to
the ten talkers from everyday interactions were able to recehoose which of the two variants sounded more like the
ognize most of the talkers even without reference to a naturdhlker, based on their experience with that talker’'s speech
sample, that is, by relying solely on long-term memory ofduring training.
talker-specific voice information. Though it is not known The experiments consisted of two sessions. In the first
specifically what acoustic properties of the sine wave replisession, listeners were tested on the same /t/-initial word
cas underlie listeners’ performance in these experiment$ieard during training in order to determine whether they
follow-up analyses carried out by Fellowesal. (1997 sug-  would demonstrate a sensitivity to individual talker differ-
gest that listeners’ response patterns were not based on aapces in VOT. In the second session, listeners were tested on
simple, gross spectral or temporal acoustic propefeg., a /t/-initial word different from that heard during training in
central spectral tendency, overall durajiobut instead that order to test whether they would generalize talker-specific
listeners relied on some more complex, detailed acoustiexperience to novel words. This generalization test in the
properties derived from the time-varying sine wave patternsecond session was included to assess the specificity of what
that mimicked the formant structure of the speech. Thus, thésteners had learned about the speech of the two talkers
most plausible explanation of these findings is that listenerbased on the limited exposure in training. The previous stud-
were sensitive to individual talker differences in phoneticallyies of word recognition reviewed aboe.g., Nygaarckt al,,
relevant acoustic properties and identified talkers’ voices 01994 found that listeners benefited from talker-specific ex-
the basis of these individual differences. perience even when tested on novel words, that is, words
These results from studies of talker recognition providespoken by a given talker that were not heard previously by
converging evidence that listeners are sensitive to individudisteners in the experiment. This suggests that listeners are
talker differences in linguistically relevant acoustic proper-capable of generalizing what they learn from a sample of a
ties. Together with the studies of word recognition reviewedgiven talker’'s speech, applying that experience to facilitate
above, a strong case can be made that listeners retain talkéine recognition of new words spoken by the talker. The gen-
specific linguistic information and use such information toeralization tests in the current experiments tested whether
inform perception. However, we do not yet know specifically listeners would generalize talker-specific VOT experience
what acoustic properties underlie listeners’ ability to benefifrom a single experienced word beginning with(fépeated
from talker-specific experience, and we do not yet know formany times during trainingto a different word beginning
any given phonetically relevant acoustic property whethemith /t/ presented at test.
listeners can track that property in a talker-specific manner. Experiments 1 and 2 differ from one another only in
The goal of the current study was to test directly whethemwhich stimuli served as the familiar versus novel word. In
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experiment 1, listeners were trained on the wtodn (and 2. Stimulus preparation

its voiced counterpartiown and generalization was tested The stimuli consisted of two sets dawn/townset and a

on the wo_rdtime in .experiment 2, Iistener-s were trained on dime/timeset, described below. Stimuli from tltwn/town

th_e wordtlme (and its voiced counterpadime and. YeNer  set were used as training stimuli in this experiment and as
alization Was.tested on the wotdwn The predictions f_o_r test stimuli for the first session. Stimuli from tligme/time

Fhe_ t\.NO exper|meqts are the same. I I|steners. are ;gn3|t|ve et were used to test generalization during the second session
individual talker differences in VOT, then their training ex- of this experiment and were used further in experiment 2.

t)hen?n(ie ShO.UId Ipr;edlct ther|]r rei(sjponses ff;\t tes;n}. Thattﬁ ' dl::'ng a. Down/town stimuliThe preparation of thdown/town
€ lirst session listeners should more often choose the S Or§fimu|i involved nine steps. The final product of these nine

or long-VOT variant for a given talker consistent with steps was a set of stimuli consisting of synthesized versions
whgther the_y heard that Fallfer produce short or !ong Vot f these words, based on the speech of two female talkers.
dunn_g tralmng. Furthgr, If listeners can generalize talker'Critically, multiple variants of each talker®wn were syn-
specific VOT information to a noyel worq, then the SaME4asized such that they differed from one another in VOT. As
should be true for the generalization test in the second S€¥escribed below, separate stimulus sets were created for use
sion. during training and during test. Several training stimulus sets
and several test stimulus sets were created; these training and
test stimulus sets were presented in alternation with one an-

In each of two sessions, there were two primary phasesther over the course of the experimégaee the Procedure
a training phase and a test phaéEhese two phases alter- subsection
nated with one another during a given session, as described Step (1). Acquisition of matchetbwn tokens from two
in the Procedure subsectiorDuring the training phase of talkers Several female native speakers of American English
both sessions, subjects were exposed to the speech of tyooduced 20 tokens of the wordown along with many
female talkers fictitiously labeled “Annie” and “Laura.” other monosyllabic words beginning with voiced and voice-
Half of the subjects heard Annie producitgvn with rela-  less stop consonants. Their speech was recorded onto digital
tively long VOTs and Laura producingwn with relatively — audiotape(Aiwa HHB 1 PRO DAT recorder, AKG C 460B
short VOTs (the A-LONG/L-SHORT training group the  microphong in a sound-attenuated room and was transferred
other half of the subjects heard Annie productogyn with  to a Pentium PC at a sampling rate of 20 kHz, usingdhie
short VOTs and Laura producirtgwn with long VOTs(the  system(Kay Elemetrics Corp. Eachdown token was iso-
A-SHORT/L-LONG training group These town tokens lated using thecsL waveform display, and the VOT and
from the two talkers were intermixed wittowntokens from  overall word duration of each were measured. VOT was
the two talkers in randomly ordered listdhe VOT of the  measured from the burst onset to the onset of high-amplitude
down tokens was not manipulated, given that the VOTs ofperiodic energy associated with the vowel. Overall word du-
voiced stop consonants vary only minimally; see, e.g., Vol+ation was measured from the burst onset to the offset of
aitis and Miller, 1992.The subjects’ task during training was low-amplitude periodic energy associated with the nasal con-
to identify both the talkefAnnie versus Launaand the ini- sonant. Two talkers whose overall word durations were
tial consonant of the wordd/ versus /tf on each trial. roughly comparable were selected to serve as talkers for the

The test phase was the same for both training groupsnain study(These talkers were unfamiliar to listeners in the
During the test phase of the first session, the subjects wemxperiment; listeners were screened to ensure that this was
presented, on a given trial, with two tokenstoinproduced the casg.One of the two talkers was designated “Annie,”
by one of the talkers, a short-VOT variant and a long-VOTand the other talker was designated “Laura.” Cohewn to-
variant. The test phase of the second session was the sanken from each of the talkers was selected such that the two
except that on a given trial short- and long-VOT variants ofselected tokens were approximately matched on both VOT
a novel wordtime, were presented. The subjects’ task duringand on overall word duration. For Annie, the selectiedvn
both sessions was to select, on each trial, which varianibken had a VOT of 13 ms and an overall word duration of
sounded more like the talker, based on their experience li$533 ms. For Laura, the selectddwntoken had a VOT of 9
tening to that talker during training. The critical question wasms and an overall word duration of 528 ms. In order that
whether the choices of the two groups of subjects wouldhese two tokens be exactly matched in overall duration, both
differ, in line with their training experience. tokens were truncated to 527 ms in duration by deleting from
A M the end of the nasal. These two tokens were then equated for

. Method ;
] root-mean-squaréms) amplitude.

1. Subjects Step (2). Creation of synthesized versions of the two
Twenty subjects participated in the experiment. All werematcheddown tokensUsing theasL system(Kay Elemetrics
native speakers of English, aged 18 to 45 years, with n&orp), a pitch-synchronous LPC analysis was performed on

reported speech or hearing disorders. Subjects were eithdre waveforms of the two matchetbwn tokens, using the
paid or received course credit for their participation. Anyautocorrelation method with a filter order of 16. The results
subject who did not consistently discriminate between theof this analysis were listed in a numeric table where infor-
two talkers’ voices used in the study was replaced with a newnation on peak amplitude, fundamental frequerf€®), and
subject(see Sec. Il B three subjects were replaced for this formant frequencies and bandwidths was available frame by
reason. frame. The analyzed datwith the residual excitationwere

Il. EXPERIMENT 1
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used to create synthesized versions of the two tokens. TABLE I. VOT values, in milliseconds, of thdown/towntraining and test
Step (3). Creation of twdown-town*town series based Simuli

on the two synthesizedbwn tokensTwo series of stimul?, Training stimuli—A-LONG/L-SHORT group

one for each of the talkers, were created by systematically

changing parameters on a frame-by-frame basis and synthe- " dowr - towr
sizing new stimuli using the modified parameters. The firsfTest voice Variant 1 Variant 2
token in each series used the originally extracted parametes, 13 172 182
of the downtokens(see the previous stgpThe next step in  Laura 15 78 87
the series was created by changing three parameters in the
first voiced frame. Specifically, the excitation parameter was Training stimuli—A-SHORT/L-LONG group
changed from the residual to a noise source,RBeparam- P— - )

. own town
eter was changed to 0, and the peak amplitude parameter was
scaled down by multiplying the original peak amplitude of Test voice Variant 1 Variant 2
the frame by a scaling factor of 0.15. The rest of the stimuliannie 13 76 86
in each series were created by repeating this procedure faaura 15 175 186
progressively increasing numbers of voiced frames. Each sé-
ries consisted of 50 items in all, ranging in VOT from 13 to Test stimuli(both groups
249 ms for Annie’s series and 9 to 246 ms for Laura’s series. “towr
The step size of these series corresponded to the duration of
each successive pitch period of the voweughly 5 mg. ~ 'estvoice Short-voT Long-VOT
Perceptually, the initial consonant in each series ranged fromnnie 81 177
a clear /d/ at short VOT values, through a clear /t/ at interlaura 82 180

mediate VOT values, to a breathy exaggerated version of /t/
(labeled /t/ for notational purposesat long VOT values. As

a result of this procedure, syllable duratitb27 ms was iy the series(with VOT=13 m3 was selected, and from
constant across all tokens in the seligse Allen and Miller, | qura’s series the second token in the sefveith VOT=15
1999. ms) was selected. These voiced tokens were presented during
Step (4). Perceptual testing of the seri@wo prelimi-  training to both training groups2) Next, two short-VOT
nary experiments were conducted for each of the twqpjcelesgokens(perceived asown) were selected from each
down-town*town series in order to ensure that the stimuli series. The two selected tokens were two steps amgmy
were perceived as expected and to provide criteria for stimut0 mg in their respective series. The purpose of this separa-
lus selection for the main experiment. Eight different sub-tion was to simulate naturally occurring within-talker vari-
jects participated in each of the preliminary experiments. Inapijlity in VOT. These tokens were selected so as to have as
each experiment, approximately half of the steps from &hort a VOT as possible while still being identified consis-
given series, spread across the series, were presented to sidntly astown (80% or higher identification as /t/ by all sub-
jects in random order with each stimulus presented numeroygcts in the preliminary phonetic identification experiment
times throughout the experiment. One experiment was and, further, so that across series the short-VOT stimuli
forced-choice phonetic identification experiment, in whichwould be well matched both in terms of absolute VOT and in
subjects decided for each stimulus whether the initial consothe mean goodness rating received in the preliminary
nant was /d/ or /t/. The results showed that, as expectedjoodness-rating experiment. The short-VOT voiceless tokens
stimuli with relatively short VOT values were identified as for Annie’s series were presented during training to the
/d/, and stimuli with relatively long VOT values were iden- A-SHORT/L-LONG training group, and the short-VOT
tified as /t/, with a small area of ambiguity around 45 ms forvoiceless tokens for Laura’s series were presented to the
both series. The other experiment was a goodness-rating e_R~LONG/L-SHORT training group.(3) Finally, two long-
periment, in which subjects rated each stimulus based oWOT voicelessokens(also perceived amwn) were selected
how good of a /t/ it was, using a 7-point scale with 7 beingfrom each series. Like the selected short-VOT voiceless to-
the best. As expected from previous work using this parakens, the long-VOT voiceless tokens were two steps apart in
digm (see, e.g., Miller and Volaitis, 198%he results showed their respective series. These tokens were selected so as to
that stimuli with relatively short VOT values were given low have as long a VOT as possible without being perceived as
ratings, with ratings systematically increasing as VOTvery poor exemplars of /{fmean rating of 3.5 or higher on
increased—peaking at roughly 85 to 100 ms—and then syshe 7-point scale in the preliminary goodness-rating experi-
tematically decreasing as VOT continued to increase. mend and, further, so that across series the long-VOT stimuli
Step (5). Selection of stimuli from the series to be prewould be well matched both in terms of absolute VOT and in
sented during training Several tokens were selected fromthe mean goodness rating received in the preliminary
the two series to serve as training stimuli in the main experigoodness-rating experiment. The long-VOT voiceless tokens
ment. The VOT values of these stimuli are given in Table I.for Annie’'s series were presented during training to the
These stimuli were selected from the two series as followsA-LONG/L-SHORT training group, and the long-VOT
(1) First, avoicedtoken (i.e., one perceived adown was voiceless tokens for Laura’s series were presented to the
selected from each series—from Annie’s series the first tokeA-SHORT/L-LONG training group. The goal in selecting the
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short- and long-VOT stimuli in this manner was to create agwo levels(73 and 71 dB SPLcorresponding to the range of
large a discrepancy in VOT as possible between them itevels among the unmodified stimulhort-VOT town and
order to maximize the chances that subjects would succeddng-VOT town test stimul). As described in the next step,
in discriminating the difference in VOT in the main the stimuli presented at different levels were ordered ran-
experiment domly during the main experiment, with the result that over-
Step (6). Selection of stimuli from the series to be preall amplitude varied randomly from trial to trial, both in
sented at testBoth training groups received the same testtraining and in test. This eliminated the possibility that sub-
stimuli. The VOT values of these stimuli are given in Table I. jects could rely on overall amplitude to make their judgments
A short-VOT stimulus and a long-VOT stimulus were se-in the experiment.
lected for each talker. Recall from step 5 that for each talker  Step (8). Construction of training stimulus seistrain-
the two short-VOT stimuli and the two long-VOT stimuli ing stimulus set consisted of the high-, medium-, and low-
used in training were selected so that they were two stepamplitude versions of each training stimulus. As described in
apart in thedown-town*town series. The intervening step in step 5, for the A-LONG/L-SHORT training group, the train-
each case served as a test stimulus. That is, for each seriégsg stimuli consisted of Annie’sdlown and two long-VOT
the step between the two short-VOT training stimuli servedown stimuli, and Laura’sdown and two short-VOTtown
as the short-VOT test stimulus, and the step between the twetimuli. For the A-SHORT/L-LONG training group, the
long-VOT training stimuli served as the long-VOT test training stimuli consisted of Annie'slown and two short-
stimulus. As a result of this method of selection, during theVOT town stimuli, and Laura’sdown and two long-VOT
test phase of the experiment subjects never heard a stimult@wnstimuli. In addition, an extrdowntoken for each talker
identical to that heard during the training phase; the subject'was included among the training stimuli so the number of
task during test, then, was to determine which of the twovoiced- and voiceless-initial stimuli would be balanced in
presented variants was more similar to the training stimulieach training set. These stimuli were then placed in random
(see the Procedure subsecjion order into a list for presentation. Two such lists concatenated
Step (7). Elimination of possible amplitude-based contogether constituted a complete training set. A training set
found As a consequence of the way tdewn-town*town  thus consisted of 48 iten@ stimulix2 talkers<3 amplitude
series were constructed, stimuli early in the sefiesvard  levels<2 randomized lists Ten such training sets were con-
the down endpoinj were higher in overall amplitude than structed for each of the training groups, to be presented to
were stimuli late in the seriedoward the*town endpoinj. the subjects interspersed with the test stimulus sets. In addi-
This occurs because, as more successive voiced frames dien, a familiarization training set was constructed for each of
converted to voiceless frames, those converted frames af@e training groups. The familiarization set consisted of 24
necessarily lower in amplitudesee step Band thus the over- items (4 stimulix2 talkers<3 amplitude levelsin random
all amplitude of the syllable decreased slightly with eachorder, to be presented during the familiarization phase of the
successive step in the series. As a result, the short-VOT teSkperiment(see the Procedure subsection
and training stimuli were higher in overall amplitude than  Step (9). Construction of test stimulus sétsest stimu-
were the long-VOT test and training stimuli. Though subtlelus set consisted of eight pairs of a given talker’s test stimuli.
(approximate|y 2-dB differen()ethis was a concern in the Each pair consisted of the short-VOT test stimulus and the
present experiment because subjects might identify the tw®ng-VOT test stimulus of a given talker, as described in step
talkers during the training phase in terms of amplitude, oné- Each of these stimuli was presented at each of two ampli-
talker (the short-VOT talker whosetown utterances were tude levels, as described in step 7. The order in which the
relatively high in overall amplitude and orfehe long-vOT  short-and long-VOT variants were heard on a given trial was
talken whose utterances were relatively low in amp”tude,cognterbalanced across trials. This resulted in eight pairings
and then in the test phase respond on the basis of overalhich were placed in random order to make a test set. Four
amplitude. This could give rise to misleading results, in thaSuch test sets were created for each talker, to be presented to

subjects may perform well on the task due to a sensitivity tghe .s.ubjects interspersed with the training stimulus sets. In
overall amplitude rather than a sensitivity to VOT. To rule ddition, a practice test set was constructed for each talker. A
out this possibility, the relationship between VOT and overallPractice test set consisted of four pairs of test stirfrut all
amplitude in these stimuli was decoupled, as follows. Thre@MPplitude variations appeared in pracfioe random order,
amplitude levels were used—high, medium, and low—whicht© be presented during the practlce phase of the experiment
corresponded at presentation to 75, 73, and 71 dB SPL, réS€e the Procedure subsection

spectively. This pattern of amplitudes corresponded roughly  b. Dime/time stimuli The dime/timestimuli were pre-

to the pattern of rms amplitudes observed among the urpared according to the same steps that were used to prepare
modified stimuli selected from eacllown-town*town  thedown/townstimuli. Except where noted below, the details
series—that isgownwas roughly 2 dB more intense than the of these steps are the same as describeddam/townin the
short-VOT town stimuli, which were in turn roughly 2 dB previous section.

more intense than the long-VCQdwn stimuli. Eachtraining Step (1). Acquisition of matchetime tokens from two
stimulus was presented at all three lev@ls, 73, and 71 dB talkers Onedimetoken was selected from each of the talk-
SPL) corresponding to the range of levels among the uners’ naturally produced utterances, recorded during the initial
modified stimuli (down short-VOT town, and long-VOT recording session. For Annie, the selectiohe token had a
town training stimul). Eachtest stimulus was presented at VOT of 13 ms and an overall word duration of 526 ms. For
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Laura, the selectedimetoken had a VOT of 12 ms and an TABLE Il. VOT values, in milliseconds, of theime/timetraining and test
overall word duration of 545 ms. In order that these twoS'mu"

tokens be exactly matched in overall duration, both tokens Training stimuli—A-LONG/L-SHORT group

were truncated to 516 ms in duration by deleting from the

end of the nasal. A descending cosine ramp was applied over " dime - tme
the final 20 ms of Laura’slimetoken in order to simulate a Test voice Variant 1 Variant 2
realistic amplitude contour for the truncated syllable; no suchy e 13 159 169
ramp was required for Anniedimetoken. These two tokens | aura 12 68 77
were equated for rms amplitude.

Step (2). Creation of synthesized versions of the two Training stimuli—A-SHORT/L-LONG group
matcheddime tokensSee step 2 of previous section. —dime P

AN . . . . . ime’ time

Step (3). Creation of twadime-time*time series based
on the two synthesizetime tokensThedime-time*timese- ~ Test voice Variant 1 Variant 2
ries were created in the same manner as th@npnie 13 66 75
down-towR*town series, except that for Laura’s speech theLaura 12 157 166
first and second frames to be edited were multiplied by a
scaling factor of 0.8 and 0.6, respectively, instead of 0.15. Test stimuli(both groups
The resulting series consisted of 50 items each, ranging in time
VOT from 13 ms to 277 ms for Annie’s series and 12 ms to
245 ms for Laura’s series. Test voice Short-VOT Long-VOT

Step (4). Perceptual testing of the seriés with the  Annie 71 164
down-town*town series, the twodime-time*time series Laura 72 161

were subjected to perceptual evaluation in a preliminary pho-
netic identification experiment and a preliminary goodness- ) ) _ _ _
rating experiment, each with eight different subjects. TheThege steps were identical to those described in the previous
identification experiment showed that the series were perSection.

ceived as expected; stimuli with relatively short VOT values

were identified as /d/ and stimuli with relatively long VOT 3. Procedure—Session 1

values were identified as /t/, with a small area of ambiguity  Half of the subjects were assigned to the A-LONG/L-
around 40 ms for both series. The goodness-rating eXpersHORT training group and half to the A-SHORT/L-LONG
ment showed the expected response function; stimuli withraining group. They were seated in front of a response key
relatively short VOT values were given low ratings, with pad and computer monitor in a sound-attenuated booth. In
ratings systematically increasing as VOT increased—peakinfivo sessions, subjects participated alternately in training and
at roughly 70 to 85 ms—and then systematically decreasingest phases of the experiment, as described below.
as VOT continued to increase. a. Training During training, subjects were presented
Step (5). Selection of stimuli from the series to be prewith the down and town training stimuli. Subjects in the
sented during trainingTable Il lists the VOT values of the A-LONG/L-SHORT training group heard Annietswn with
selected training stimuli. The first token in each serieSong VOT values and Laura®wn with short VOT values,
(VOT=13 ms for Annie; VOF12 ms for Lauraserved as whereas subjects in the A-SHORT/L-LONG training group
the voiced token during training. Theshort-VOT voiceless heard Annie'sownwith short VOT values and Lauratswn
tokens and théong-VOT voicelessokens were selected for with long VOT values(see Table)l As described above, the
the two training groups using the same criteria described inraining stimuli for each group were organized into random-
step 5 of the previous section. Note that, as a result of thiszed sets of 48 trials each, and one randomized set of 24
method of stimulus selection, the selectithe training  trials for use during familiarization.
stimuli (as well as thdime test stimuli; see the next step Familiarization took place at the beginning of the first
were not precisely matched in VOT with the correspondingsession, before the first training phase. A familiarization trial
town stimuli, but had somewhat shorter VOTs than the cor-consisted of the auditory presentation of the word followed
respondingtown stimuli. Note also that theséime/time by a visual display indicating the name of the talker on that
training stimuli are described here for purposes of explicairial (either “Annie” or “Laura” ). This visual display ap-
tion but were not in fact used in the present experiment bepeared 1750 ms after offset of the auditory stimulus and
cause this experiment does not involve training wdime/  remained on the computer screen for 1500 ms. After a pause
time. Experiment 2 makes use of these stimuli. of 2000 ms, the next trial began. The subjects’ task during
Step (6). Selection of stimuli from the series to be prefamiliarization was to attend to the stimuli and learn to rec-
sented at testTable Il lists the VOT values of the selected ognize the two voices. No responses were collected.
test stimuli, selected according to the same criteria described There were nine training phases in the first session,
in step 6 of the previous section. which alternated with the test phases, as described below.
Steps (7), (8), and (9). Elimination of possible During a given training phase, subjects were presented with
amplitude-based confound, Construction of training stimulughe stimuli from one of the nine training stimulus sets; the
sets and Construction of test stimulus setsespectively. order in which subjects heard the nine training sets over the
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experimental session was determined randomly for each sulity of the talker under test. The task during the test phases
ject. The subjects’ task during training was to simultaneouslyvas identical to that used in the practice test phase.
identify the talker and the initial consonant on each trialina  c. Alternation between training and teSthe experiment
forced-choice paradigrithe phonetic identification task was was designed so that subjects alternated between training and
included to ensure that these listeners perceived the shottest phases over the course of an experimental session. The
VOT stimuli as voiceless under these experimental condirelatively brief test phase& trials in length were inter-
tions). Four response buttons on the key pad were labelethixed with the longer training phasé48 trials in length in
“Annie D,” “Annie T,” “Laura D,” and “Laura T.” Feed- this way in order to minimize interference of test experience
back was provided on each trial in the form of a visual dis-on talker-specific memory. The concern was that, during test,
play reading “YES” and the name of the talker when the exposure to the two alternatives on a given trial—a “correct”
subject correctly identified the talker, or “NO” and the name alternative(where the VOT corresponded to what the subject
of the talker when the subject incorrectly identified theheard during trainingand an “incorrect” alternativéwhere
talker. This visual feedback appeared 750 ms after the keythe VOT did not correspond to what the subject heard during
press respong@r after 5 s passed with no response; on suchraining—would interfere with a subject's memory for VOT
trials the feedback consisted only of the talker’s naared  information. Specifically, exposure to the incorrect variant
remained on the computer screen for 1500 ms. No feedbadkight lead subjects to modify their mental representations of
was provided for the phonetic decision. After a pause ofhe talker’s VOT, despite receiving instructions to base their
2000 ms, the next trial began. decisions during test only on experience gained during train-
b. Test During test, subjects were presented with theing. Because of this concern, the number of test trials was
town test stimuli. As described above, the test stimuli werekept to a minimum, interspersed among a larger number of
placed in pairs into eight randomized sets, four sets contairffaining trials. The delay between the last trial of a training
ing Annie’s Speech and four sets Containing Laura’s Speecﬁ_et and the first trial of the following test set was roughly 20
Each set contained eight pairs, with each pair consisting o%- Subjects were given a short break after completing the
the short-VOT variant ofown and the long-VOT variant of third and sixth test sets.
town In addition, two randomized sets, one for each talker, ~As a result of this design, the sequence of phases in the
were constructed for use during the practice test phase; the§ést session was as follows1) familiarization phase{2)
practice sets contained four test pairs each. training phase(3) practice test phase4) training phase(5)
During the practice test phase, the two practice sets weri@st phase{6) further alternation between training phases
presented in sequence; the order in which the two practic@nd test phases until all eight test phases had been com-
sets were presented was counterbalanced across Subjeé@ted.There was a total of 432 training trials in nine training
The purpose of this phase was to introduce the subjects to trﬁgts(the tenth training set was not used during the first ses-
paired-comparison task to be used during the test phase. &ton), and across aII.elght test sets, th(_are was a total of 3_2 test
the beginning of each practice test, the name of the talker fdfials for Annie's voice and 32 test trials for Laura’s voice.
that practice set was briefly displayed on the screen, thugPon completion of'the first session, subjects were told that
explicitly informing subjects of the identity of the talker un- they would be hearing the same two talkers’ voices on the
der test. Subjects were given instructions explaining that of°llowing day, and were instructed to try and remember what
each trial they would hear two variants of the wamvn  heir voices sounded like.
spoken by that talker. Their task was to decide which of the
two variants sounded more like the talker, based on theift- Procedure—Session 2
experience listening to the talker during the initial training The second session was always carried out on the day
phase. Two response buttons on the key pad were labelddllowing the first session. In the second session, subjects
“1” and “2,” and subjects were instructed to press the first first participated in a short review of the previous session, to
button if they thought the first variant sounded more like thereacquaint them with the stimuli and procedure. The review
talker and the second button if they thought the second variconsisted of a training phase using tdewn and town
ant sounded more like the talker. The interstimulus intervaktimuli, followed by a test phase using tk@vn stimuli for
between the two variants edwnwas 750 ms. No feedback one of the two talkers, followed by a second training phase
was provided on this task. After each response there was @gain using thelownandtown stimuli), followed by a sec-
pause of 2000 ms before the next trial bedte next trial  ond test phaséagain using theown stimuli) for the other
began afte5 s if there was no response talker. Which of the talkers subjects heard first in the review
There were eight test phases in the experintenir for ~ was counterbalanced across subjects, and which of the train-
each talkey, which alternated with the training phases. Dur-ing and test stimulus sets was presented was determined ran-
ing a given test phase, subjects were presented with th@omly for each subject.
stimuli from one of the eight test stimulus sets; the order in  After completing the short review, subjects were told
which subjects heard the eight test sets over the experimenttiat the remainder of the experiment would alternate be-
session was determined randomly for each subject, with theveen training and test phases as during the first session,
constraint that no more than three of a given talker’s test setwith one difference: During the test phases, subjects would
occurred consecutively. At the beginning of each test phasdyear two variants of the wortime instead oftown Their task
the name of the talker for that test set was displayed brieflgluring the test was to decide which of the two variants
on the screen, thus explicitly informing subjects of the iden-sounded more like the talker, based on their experience with
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the talker sayingown during the training phases. The train- TABLE lll. Mean results from the test phases of the two experiments, in
ing phases remained unchanged; subjects would still hedgms of the percent of trials on which subjects chose the long-VOT variant

downandtown during training. Subiects then participated in for each the two test voices in each of the two sessions. Mean results are
9 g. subj particip shown separately for the A-LONG/L-SHORT training group and the

a pra_ctice tef5t phase using ttimg t?St Stim“"- FQ”OWing A-SHORT/L-LONG training group, with standard errors of the mean in
practice, subjects alternately participated in training and tegtarentheses.

phases until all eight test sets and the remaining nine training
sets had been completed. The order in which subjects heard
the test sets was determined randortWith the constraint A-LONG/ A-SHORT/ A-LONG/ A-SHORT/
that no more than three of a given talker’s test sets occurreBxperiment  SessionL-SHORT = L-LONG  L-SHORT = L-LONG
consecutively, as was the order in which they heard the gxperiment 1 1 8744 11(6.3 33(9.8 82(6.2
training sets. Across all ten training sets, there was a total of 2 82(5.4 10(5.7 37(12.) 90(5.5
480 tra?ning triqls, and across all eight test s(@xclgding Experiment 2 " 78789 20(75 20000  70(8.)
the review portion, there was a total of 32 test trials for 2 87(6.9 49(14.1 20(9.4  60(11.9
Annie’s voice and 32 test trials for Laura’s voice.

Test voice: Annie Test voice: Laura

B. Results and discussion during the second session. For a given subject, performance

1. Training across all four test sets for a given test voice was quantified

On the forced-choice talker and phonetic identification’— the percent of trials on wh|ch the SUble.Ct made short-VOT
responses and the percent of trials on which the subject made

task used during training, accuracy was assessed separatF o¥19-VOT responsebNote that because percent short-VOT

in terms of percent-correct talker identification and percent—responses and percent long-VOT responses must sum to 100,

correct phonetic identification during each session. Correc .
) o ) : . ) these two measures are redundant with one another. As a
talker identification was defined for a given trial as an “An-

e . . result, only one of the measures, percent long-VOT re-
nie D” or “Annie T” response when Annie was the talker N .
. . N sponses, was arbitrarily selected for analysis. Results for the
and as a “Laura D” or “Laura T” response when Laura was

the talker. Correct phonetic identification was defined for ag agﬁgé;(;rpepa?:ggntgz({:uﬁgpiia(|)|f I?ner.:.:aegltelmgr:go-l-r;ehi_
given trial as an “Annie D” or “Laura D" response when the b b y grap

B N B cally in Fig. 1. The upper half of Fig. 1 shows results from
word wasdownand as an “Annie T” or “Laura T” response . .
. . . . the first session, and the lower half shows results from the
when the word wasown Trials on which subjects did not

. . second session. In each case, the left panel compares re-
respond were discarded from the analy¢these trials ac- - .
. . sponses for the two training groups when the test voice was
counted for 0.1% of the total trials across the two session

for the 20 subjects included in the studyVean percent- in.nl'e s, and the right panel compares respons'es for the two
training groups when the test voice was Laura’s.

correct taII_<§r |(_Jlent|f|cat|0n and mean percent correct pho An analysis of variancéANOVA ) was conducted on the
netic identification were calculated for each subject, across : -

o : : percent long-VOT data with the factors of training group
all training sets of a given sessidrGood performance on

distinguishing the talkers’ voices in the first session wa (between-subjectstest voice(within-subjects, and session

- . L (within-subject$. The critical prediction was the presence of
taken as a prerequisite for inclusion in the study. If on any. . : o . .

. . ) " an interaction between training group and test voice, with
given stimulus(across all amplitude levelsa subject per-

formed at less than 90% correct on talker identification, tha{esponses patterning according to each group’s training ex-

: . erience. We tested for such a pattern using two sets of
subject was excluded from the study. Three subjects wer ) : o2
i planned contrasts. The first set involves considering each test
replaced for this reason.

For the 20 subjects included in the study, performance\éqce separatelyi.e., considering the left and right panels in
. . : ig. 1 separately For these between-group contrasts we
on the training task was near ceiling, with mean percent-

correct talker and phonetic identification at 97% or better forused thet distribution with df=18, =0.05. If subjects

both the A-LONG/L-SHORT training group and the training predicts their responses at test, then when the test

A-SHORT/L-LONG training group in both sessions 1 and 2.VOlce was Annie’s, the A'LONG./L_SHOR.T training group
. LT T should choose the long-VOT variant significantly more often
Thus, the two talkers’ voices were easily distinguished b

Y, o .
these listeners, and the VOT manipulation was effective iriﬂ:ntedsotevsoit:: \'/A\V;ISS,HL?SJ;’I;Lt(r?tle\li-It_rgll:l]glgL-gSroHLgll?int?a\i/:]ri]r?n
creating a robust voicing distinction for both voices. ' . L 9
group should choose the long-VOT variant significantly less
often than does the A-SHORT/L-LONG training group. The
2. Test second set of planned contrasts involves considering each
On the paired-comparison task used during test, perfortraining group separately.e., comparing across the left and
mance was analyzed separately for each segamhexclud-  right panels in Fig. L For these within-group contrasts we
ing the review portion of the second sessidBach response used thet distribution withdf=9, «=0.05. If listeners in a
was categorized as either a short-VOT response or a longsiven training group respond differently to the two test
VOT response based on the listener’s choice on that trialoices depending on their training experience, then the
Trials on which listeners did not respond were discardedA-LONG/L-SHORT training group should choose the long-
from the analyses; these trials accounted for 0.8% of the totalOT variant significantly more often for Annie’s voice than
trials during the first session and 0.2% of the total trialsfor Laura’s voice, and the A-SHORT/L-LONG training
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"TOWN" dicted, in both sessions. For Annie’s voi(see the left pan-
Test Voice: Annie Test Voice: Laura els of Fig. 1, the A-LONG/L-SHORT training group chose
100 the long-VOT variant significantly more often than did the
A-SHORT/L-LONG training group, whereas for Laura’s
voice (see the right panels of Fig.),1the A-LONGI/L-
SHORT training group chose the long-VOT variant signifi-
cantly less often than did the A-SHORT/L-LONG training
group. The second set of planned contrasts also confirmed
the predicted pattern, in both sessions. The A-LONG/L-
SHORT training group chose the long-VOT variant signifi-
cantly more often for Annie’s voice than for Laura’s voice,
and the A-SHORT/L-LONG training group chose the long-
VOT variant significantly less often for Annie’s voice than
A-LONG/ ASHORT/ A-LONG/ A-SHORT/ for Laura’s voice. Taken together, these results indicate that
L-SHORT L-LONG L-SHORT L-LONG the different training received by the two groups had a sig-
Training Group Training Group nificant impact on their responses for the two test voices.
Moreover, this was true both in the first session when listen-
"TIME" (GENERALIZATION) ers were tested on the same word heard during training and
Test Voice: Annie Test Voice: Laura in the second session when listeners were tested on a novel
100 word.

The results discussed thus far indicate that listeners can
retain talker-specific VOT. However, they do not necessarily
indicate that listeners retain such information automatically.
It may be that the within-category VOT manipulation at test
encouraged subjects to place special attention on this dimen-
sion during training and, without this special attention to
within-category VOT, subjects would not have retained
talker-specific VOT for the /t/-initial stimuli. Initial evidence
that this was not the case can be found in the results from the
practice test phase from the first session. Recall that the prac-

75 }---

50 |---

% Choice Long VOT

25 |---

75 f---

5 |---

% Choice Long VOT

25 |---

ALONG/ ASHORT/ A-LONG/  A-SHORT/ tice test phase ocgurred prior to any of the tes'F phase§ gnd
L-SHORT L-LONG L-SHORT L-LONG therefore the practice responses reflect a relatively pristine
Training Group Training Group measure of what subjects retained in memory about the

_ _ speech of Annie and Laura during training; at this point in
FIG. 1. Mean results from the test phases of experiment 1, in terms of th

percent of trials on which subjects chose the long-VOT variant in the paired(fhe experiment, no SpECiaI importance has been assigned to
comparison task. The top half of the figure shows the results from the firsthe individual talker differences in VOT of the /t/-initial
session and the bottom half shows the results from the second session. TRéimuli. Thus, if the practice responses show the same gen-
left panels show the results when the tes_t voice was Al:mie’s, and the righ&rm pattern as the responses from the test phases of the ex-
panels show the results when the test voice was Laura’s. Responses for the . . . . . .
A-LONG/L-SHORT training group are indicated by the solid bars, and re- periment, then this provides evidence that subjects retained
sponses for the A-SHORT/L-LONG training group are indicated by thetalker-specific VOT information automatically without spe-
scored bars. The error bars show the standard error of the mean. cial attention to within-category VOT variation. The practice
data were analyzed in the same manner as the test data. For
group should choose the long-VOT variant significantly lesseach subject, the mean long-VOT responses for Annie’s
often for Annie’s voice than for Laura’s voice. Finally, if speech and the mean long-VOT responses for Laura’s speech
listeners generalized talker-specific VOT information to thewere calculatedeach based on four responses from each
novel word, the overall pattern just described should occur irsubject, and an ANOVA with the factors of test voice and
both sessions. Moreover, if such generalization is complet&raining group was carried out on the data. The results re-
(i.e., performance on the novel word does not differ fromvealed no main effect of test voicgF(1,18)=2.1, p
that on the familiar worj] then there should be no main >0.10], no main effect of training groud-(1,18)=2.3,p
effect of session in the ANOVA and no interactions involving >0.10], and an interaction between test voice and training
session(The presence of any other main effects are incidengroup[ F(1,18)=31.7,p<0.001]. The same sets of planned
tal to the purpose of the studly. contrasts were performed on these data as were performed on
The ANOVA indicated no main effect of test voice the main data, and they revealed the same pattern of results.
[F(1,18)=2.8, p>0.10], the presence of a main effect of The data from the practice test phase thus provide at least
training group[ F(1,18)=4.3, p=0.05], and an interaction initial evidence that subjects automatically retained talker-
between test voice and training grofip(1,18)=63.6, p specific VOT information in memory even when attention
<0.001]. There was no main effect of session and no interwas not specifically directed to the individual talker differ-
actions involving sessiofp>0.10 in all casef The first set ences in VOT.
of planned contrasts confirmed that the data patterned as pre- Taken together, the results of experiment 1 indicate that
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listeners retain talker-specific information about VOT, andcounted for 0.8% of the total trials during the first session
that they can generalize this information to novel words. Toand 0.5% of the total trials during the second session.

gain further evidence with this paradigm and to replicate  Results for the paired-comparison task are shown in
these results under slightly different stimulus conditions, ex-Table 1ll and Fig. 2. The upper half of the figure shows

periment 2 was run. results from the first session, and the lower half shows results
from the second session. In each case, the left panel com-
IIl. EXPERIMENT 2 pares responses for the two training groups when the test

Experiment 2 was identical to experiment 1, except tha/0IC€ Was Annie’s, and the right panel compares responses
the roles of thedown/townand dime/timestimuli were re-  OF the two training groups when the test voice was Laurass.
versed; during the first session, subjects were trainatimp AN ANOVA comparable to that used in experiment 1 indi-
andtime and tested oime, and during the second session, cateéd no main effect of test voi¢é(1,18)=2.4, p=0.14]
they continued to be trained afimeandtime but (following ~ ©F raining group(F(1,18)<1], and an interaction between
a brief review were tested on the novel wotdwn It was (€St voice and training groy-(1,18)=25.3,p<0.001]. Al-

expected that the results of this experiment would replicatd?0ugh there was no main effect of sessf6f(1,18)<1],
those of experiment 1. there was a session by test voice interactidf(1,18)

=15.8, p<0.001]; no other interactions were significant
A. Method [p>0.10 in all casek The session by test voice interaction
1. Subjects indicated that the effect of test voice changed from the first

Twenty new subjects participated in the main eXperi_session to the second session, suggesting that perfect gener-
ment. All subjects were native speakers of English, aged p18lization did not occur. In order to further investigate the
to 45 years, with no reported speech or hearing disorderd1ature of these results, separate ANOVAs were conducted on
Subjects were either paid or received course credit for theifhe data from the first session and the data from the second
participation. As per the same criteria used in experiment 15€ssion. These ANOVAs included a test voice factor and a
any subject who did not consistently discriminate betweerir@ining group factor.
the two talkers’ voices used in the study was replaced with a ~ The ANOVA on the data from the first session revealed
new subject; two subjects were replaced for this reason. N0 main effect of test voicgF(1,18)<1] and no main effect

of training group[ F(1,18)=1.6, p=0.23], but a strong in-
2. Stimuli and procedure teraction between test voice and training grduf(1,18)
=28.9,p<0.001]. Two sets of planned contrasts were con-

The same stimuli and procedures described for experi(—j tod tor the first . ¢ Both tirmed that th
ment 1 were also used in experiment 2, with the following ucted, as for the first expenment. both confirmed that the

differences in configuration. First, thtme andtime training iate‘oﬁg;frgz%g_sr predicted. First, fr(])r Annrllesl VO'C\G;'OEPe
stimuli (instead ofdown and town) were presented during ~ i training group chose the long-

training in the two sessions. Second, during session 1, thgarant significantly more often than did the A-SHORTIL-

timetest stimuli were presented at téststead oftown), and LONG t/raining group, - w hereas forh Laurar’]s \Iloice, the
during session 2, theown test stimuli were presented at test A'L_ONG_L'S,HORT training group ¢ ose the long-VOT
(instead oftime). variant significantly less often than did the A-SHORT/L-

LONG training group. Second, the A-LONG/L-SHORT

B. Results and discussion training group chgse thg long-VOT variant §ignificantly
more often for Annie’s voice than for Laura’s voice, and the
A-SHORT/L-LONG training group chose the long-VOT

Performance on the training task was assessed as in e¥ariant significantly less often for Annie’s voice than for
periment 1. Two subjects were replaced because they failedaura’s voice. Thus, the findings from the first session repli-
to consistently discriminate between the two talkers’ voicesated the findings from the first session in experiment 1.
during the first session, using the same criteria as in experi-  However, unlike in experiment 1, the pattern of data in
ment 1. Trials on which subjects did not respond were dissecond session did not mirror that from the first session. The
carded from the analySEéEhese trials accounted for 0.2% of ANOVA for the second session revealed the presence of a
the total trials across the two sessions for the 20 subjectgain effect of test voic§F(1,18)=8.0, p=0.01], no main
included in the study For the subjects included in the study, effect of training group[F(1,18)<1], and an interaction
performance on the talker and phonetic identification taskyetween test voice and training grolif(1,18)=16.2, p
was near ceiling for both the A-LONG/L-SHORT training <0.001]. The first set of planned contrasts did confirm that
group and the A-SHORT/L-LONG training group, with mean for Annie’s voice, the A-LONG/L-SHORT training group
percent-correct talker and phonetic identification at 96% Ok:pose the long-VOT variant significantly more often than did
better for both groups for both sessions. This closely replithe A-SHORT/L-LONG training group, whereas for Laura’s
cates the training results from experiment 1. voice, the A-LONG/L-SHORT training group chose the

long-VOT variant significantly less often than did the

2. Test A-SHORT/L-LONG training group. However, the second set

Performance on the paired-comparison task was anaf planned contrasts showed a pattern of performance that
lyzed as in experiment 1. Trials on which subjects did notwas different from that in the first session. Although listeners
respond were discarded from the analyses; these trials ai the A-LONG/L-SHORT training group chose the long-

1. Training
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"TIME" terned as did the main results for session 1. Thus, as in ex-
Test Voice: Annie Test Voice: Laura periment 1, the practice test data from the first session indi-
100 cated that subjects retained talker-specific VOT information
even when no special attention was focused on within-
category VOT variation.

The results from the first session of experiment 2 indi-
cate that listeners retained talker-specific VOT information,
as was found in the first experiment. However, the generali-
zation results from the second session were less clear than
those in experiment 1. Strong evidence of generalization was
present for one but not both groups. This mixed result was
surprising, given that both groups of listeners heard stimuli

which were similar in all respects except VOT. Considering
ASHORT  ‘Liona. tshomt  Tlona! experiments 1 and 2 together, three groups out of four
Training Group Training Group showed clear evidence of generalization, but this group did
not.
"TOWN" (GENERALIZATION) To follow up on this aberrant finding, we ran ten new
Test Voice: Annie Test Voice: Laura listeners in the A-SHORT/L-LONG group. For the first ses-
100 sion, the results for the new listeners were similar to those
for the original A-SHORT/L-LONG group; mean percent
long-VOT responses for Annie’s voice was 13gompared
to 20%), and for Laura’s voice it was 68%compared to
70%). However, the generalization results from the second
session were quite different for the new subjects for one of
the test voices. Specifically, mean percent long-VOT re-
sponses for Annie’s voice in the second session was 9%
(compared to 49% for Laura’s voice mean percent long-
VOT responses remained at 60%. The data from the new
A-SHORT/L-LONG group were combined with those of the
L SORt LioNe| Lstorr  LyoNa. A-LONG/L-SHORT group from the main experiment and a
Training Group Training Group new ANOVA was calculated. The results indicated no main

effect of test voicd F(1,18)<1], a main effect of training
FIG. 2. Mean results from the test phases of experiment 2, in terms of th _ _ ; :
percent of trials on which subjects chose the long-VOT variant in the paired‘—agrOUp['_:(l’ls) 8':!" _p 0.01], and an interaction between
comparison task. The top half of the figure shows the results from the first€St voice and training groupF(1,18)=38.1, p<<0.001].
session and the bottom half shows the results from the second session. THdhere was no main effect of session and no interactions in-

left panels show the results when the tes_t voice was A'nnle s, and the "gr\%lving session I()>0-1O in all cases except for the session
panels show the results when the test voice was Laura’s. Responses for the

A-LONG/L-SHORT training group are indicated by the solid bars, and re-DYy test voice interaction, whene=0.08). The two sets of
sponses for the A-SHORT/L-LONG training group are indicated by theplanned contrasts confirmed that the data patterned as in ex-
scored bars. The error bars show the standard error of the mean. periment 1. During both sessions, for Annie’s voice, the
A-LONG/L-SHORT training group chose the long-VOT
VOT variant significantly more often for Annie’s voice than variant significantly more often than did the A-SHORT/L-
for Laura’s voice, listeners in the A-SHORT/L-LONG train- L ONG training group, whereas for Laura’s voice, the
ing group did not respond differently to the two voidgs  A. ONG/L-SHORT training group chose the long-VOT

>0.10]. This pattern of results suggests that one of the subg,iant significantly less often than did the A-SHORTIL-
ject groups, the A-LONG/L-SHORT training group, general-) o training group. Moreover, within each training group,

ized to the novel word but the other group, the A'S|_|ORT/|"Iisteners responded differently to the two test voices during

LONG 'Fralnlng group, did not. : . __both sessions. The A-LONG/L-SHORT training group chose
As in experiment 1, the practice test data from the first ) o .
session were also analyzed in order to assess whether sutg-e_ long-vOT var|ar’1t sgmﬂcantly_mo_r e often for Annl_es
jects automatically retained talker-specific VOT information voice than for Laura’s voice, ar(c.rhr.mke in the main exper-
prior to any special emphasis being placed on within-T€n? the A-SHORT/L-LONG training group chose the long-
category VOT variation. An ANOVA on the practice data VOT variant significantly less often for Annie’s voice than
revealed the presence of a main effect of test voicdOr Laura's voice. These results indicate that listeners were
[F(1,18)=8.9, p<0.01], a main effect of training group Sensitive to talker-specific VOT and that they successfully
[F(1,18)=5.7, p<0.05], and an interaction between test generalized to the novel word. This suggests that the lack of
voice and training groupF(1,18)=33.8, p<0.001]. The clear evidence for generalization for the A-SHORT/L-LONG

two sets of planned contrasts confirmed that the data pagroup in the main experiment may have been spurious.
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IV. GENERAL DISCUSSION tapped by the overt paired-comparison task used in the cur-

nt study, may fade more quickly; see Goldinger, 1996

The present study tested whether listeners can retai hus. list disol tivity 1o individual talker dif
talker-specific information about the phonetically relevan us, listeners dispiay a sensitivity 1o Individual talker dii-
erences in phonetic properties that is impressive in how

t
acoustic property of VOT. Subjects were exposed during ;; ) ) . .
training task to the speech of two talkers producing word uicKly it can be learned and in how long it can be remem-
beginning with /d/ or /t/. Critically, the VOT of the word P°€red- . .
beginning with /t/ was manipulated across the two talkers so, Th? Cl.Jr.rent study de.monstratec.i that I|stener§ are sensi-
that subjects heard one talker with a short VOT and the othelVe © |nd|V|q|uaI talker differences in one phonetl_cally rel-
talker with a long VOT; which talker served as the short- €vant acoustic property, VOT. Of course, it will be important

VOT talker versus the long-VOT talker was counterbalance o test whether listeners are sensitive to individual talker dif-
across subjects. Interleaved with this training on the tw erences in other phonetically relevant properties as well
voices, subjects were periodically tested to determinéo‘nd’ with respect to the property of VOT, several other rel-

whether VOT was retained in a talker-specific manner. Th&Vant questions remain to_be answered. I_:or example, f[he
test consisted of pairs of stimulus items, each consisting of urrent study showed that listeners generalize talker-specific

short-VOT variant and a long-VOT variant of a /t/-initial OT 10 novel words beginning with the same consonant as

word produced by a given talker. In the first session, subject@eard during training, but it will also be of interest to test

were tested on the same word heard during training, and m\/hether listeners will generalize to novel words beginning

the second session, subjects were tested on a novel wor‘@f.'th other voiceless consonants as well. For example, if a

The subjects’ task was to select which of the two variantnglker IS he;atrr:j ts?yllkngn;e W'tg a Ior;g '\ti]OT’I will \Il/%ﬁ_r;ers
sounded more like the talker, based on their experience li? So:;(pfﬁ at talker to prot_ uceaiwi at;])ng | f' K
tening to the speech of that talker during training. The results urther remaining question concerns the rol€ of speak-

showed that talker-specific experience during training prelrlg rate. In the current study, speaking rate, as reflected by

dicted listeners’ responses at test, so that whether Iistenefé’lira" ;Nord dyranon, (;Nasdheld constar_ut ylwthln and acrc()jss
chose the short- or long-VOT variant more often for a given o> ' & glven word and was very similar across words.

talker during test depended on whether they heard that talké—ll(?wever, speaki.ng.rgte can vary considerably yvithin a talk-
produce short or long VOTs during training. This was true®’S speech a_md |n_d|V|dgaI talkers_ can vary considerably from
when subjects were tested on the familiar word and, in al&ne another in their typical speaking ra(éden et al, 2003;

but one group, it was true when subjects were tested on th '”ef etal, 1989‘ Moreover, VOT varies st_rongly as a
novel word. unction of speaking ratéAllen et al, 2003; Miller et al,

Thus, listeners were able to track individual talker dif- 1986; Summerfield, 1975; y9|a|t|s and M|Iler,. 1992|st9n—
ferences in a phonetically relevant acoustic property. Thes&' ar€ known .to be sensitive to Chaf‘ges n speaklng rate,
findings have implications for the kind of exposure that isSLICh that VOT is mapped onto phonetic categories in a rate-
required for listeners to benefit from talker-specific experi-dependent manner; as speaking rate slows dowq, the percep-
ence. Because listeners can generalize talker-specific phBJ-"’lI category poundary between voiced and.v0|celess stop
netic information across words, it may be that exposure toconsonants shifts toward longer VQ(lSummerﬂeId, 1981 .
only a few different words is sufficient for a listener to learn and the best exemplars of the voiceless category also shift

a talker’s implementation of a given phonetically relevanttOWarOI longer VOTSMiller and Volaitis, 1989. Given that

acoustic property. Once this talker-specific mapping fromVOT is processed in a rate-dependent manner, it may well be

acoustic form to phonetic category is learned for a giventhat listeners tr"ac1k_htalkg;—specllgcbVOT N ? ;atti'dtef etndent
phonetic segmente.g., /t}, it can inform subsequent pho- manner as well. Thus, it wou € expecte at isteners

netic processing of novel words containing that segment, fayould generalize talker-specific VOT information from a

cilitating word recognition(e.g., Nygaarct al, 1994. And, talker's speech at one speaking rate to a different speaking

though the present experiments were not designed to test th te.Th tfindi q trate that list |
amount of exposure required for a listener to learn a talker’s € present Tindings demonstrate that listeners can fearn

mapping for a particular property, the results from the first Oftalker-spemflc phonetic information and that such informa-

the test phases in each of the experiménts, the practice tion is stored in such a way that it can be generalized to

test phasedndicated that listeners were sensitive to atalker—f[ﬂ'o}leI _?{\tlotrds. I;stenerst msy ust_e this talkgr'Sp??'f'c.lmeT?liy
specific phonetic property after even a relatively sma|l'© 'actiitate subsequent phonetic processing of familiar talk-

amount of training; listeners’ responses in these cases wefdS speech. 'A.‘ny. complete m.qd.el of ;pge_ch perceptlo!’l must
of the same general pattern as in the subsequent tests. Thascount for this listener sensitivity to individual talker differ-

talker-specific phonetic information can be quickly learned. ences in phonetic properties.

Other evidence indicates that such information can be
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