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ABSTRACT

The spontaneous imitation paradigm (Goldinger, )19®8which subjects' speech is compared before and
after they are exposed to target speech, has stimtsubjects shift their production in the direntbf the
target, indicating the use of episodic traces ieesp perception as well as the close tie betweeacsp
perception and production. By using this paraditire, current study aims to investigate the psycliotdg
reality of three levels of linguistic unit (i.e., ond, phoneme, and sub-phonemic unit such as
feature/gesture) through physical measurementgddsbf perceptual assessments. An experiment was
carried out to test: 1) whether spontaneous phonetitation can begeneralized across (a) new words
which share the same initial phoneme, and (b) newdsvwith a new phoneme falling in the same natural
class (sharing a feature/gesture); 2) whether wmrel specificity can be obtained through physical
measurements of a phonetic feature; and 3) if/fhbe phonetic imitation interacts with linguistic
representations when the change might impair Istgui(in this case, phonemic) contrast. Teature
manipulated in the experiments was aspiration,+6r $pread glottis], on the phonemes /p/ and /ke T
results revealed a significant effect of spontasephonetic imitation: subjects produced signifibant
longer VOTSs after they were exposed to target dpeeth extended VOTS, replicating Shockley (2004) i

a non-shadowing paradigm. Furthermore, this mod#&dature (increased aspiration) was generalized to
new instances of the target phoneme /p/ (i.e.eim words) as well as to the new segment /k/. Orother
hand, the subjects did not imitate reduced VOTspitie the fact that the (modeled) shorter VOTs pccu
more often than (modeled) longer VOTs in the basefecordings. These results, taken together, abelic
that 1) speakers possess sub-phonemic represestatiad 2) knowledge of linguistic (or, phonemic)
contrast constrains spontaneous phonetic imitaiapected word-level specificity, tested througkidel
frequency andraining exposuresyas not observed in this study.

1. Introduction

Recent studies have shown that traces of episoéimary are retained and used in
speech perception (Mullennix et al. 1989), and thath speech perception and
production are more plastic than previously considge.g., Norris et al., 2003; Clark
and Luce, 2005; Wright, 2004; Hay, 2000). The itiota paradigm, which compares
subjects’ speech before and after the exposurargett speech, has shown that speakers
shift their productions in the direction of whaethjust heard. For example, Goldinger
(1998) showed that subjects shifted their own FOmared with their baseline
recording) when they are asked to shadow (= imnedrapetition) speech with
manipulated FO. His results also revealed a woettifip advantage of imitation: stronger
imitation effects were observed (through AXB petc@p assessment) among low-
frequency words than high-frequency words, as aghmong subjects who had a higher
number of training (=target) exposures, as predidig exemplar-based theories. A
similar result was also obtained in his later w{®00), which involved non-shadowing
experiments. Shockley et al. (2004) extended Ggktis work by showing a significant
Voice-Onset-Time (VOT) imitation effect (in shadmg) for voiceless stops with
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artificially extended VOTs. These results demortstréghat shadowing responses,
obtained in nonsocial settings, are imitative. tditdon, these studies show listeners’
sensitivity to variations in global phonetic dimems such as overall pitch range, as well
as sensitivity to the fine phonetic detail of agbinsegment such as degree of aspiration.

Although Goldinger (1998) shows evidence for womksrepresentations, his
studies do not reveal whether sub-lexical unitsewaiso influenced by the imitation
effect. That is because the post-exposure procgtiwere elicited in the form of
shadowing, and thus the listening and productists Inad to be identical. The present
study extends the earlier studies by using a nadehing task, which lets the listening
(= target) and production listdiffer; thus unheard words can be introduced into the
production list. This allows us to test the geneadlility of the imitation effect to sub-
lexical units. Many linguistic theories (e.g., Hall1985) assume three levels of
representations: lexical (=word), phonemic and ghbremic (= feature or gesture).

It is also our interest to determine the automigtiaf spontaneous phonetic
imitation, by comparing how two types of modelennsii are imitated. In addition to
extended VOT (as in Shockley et al., 2004), theenirstudy employs reduced VOT as
target stimuli to see if the same degree of inotatand generalization can be observed.
Unlike extended VOT, reduced VOT in voiceless st@osild introduce linguistic
ambiguity, namely confusion with the voiced catggdir spontaneous phonetic imitation
is a rather automatic process, knowledge of litgustructure (i.e., phonemic contrast)
should not constrain the effect and thus we woulgeet similar imitation between the
two types of modeled stimuli. On the other handdifferent degrees of imitation are
observed, it will suggest that the imitation is aatomatic, but more complicated process
that is filtered by abstract linguistic knowledge.

In order to address these issues, the followingtiues were asked:

1) Generalizability to new stimuli
a) Will there be generalization to the same phonenreeim (unheard) words?
b) Will there be generalization to the same featuneew phonemes?

If we observe sub-lexical generalization at theng@me level but not the sub-phonemic
(feature) level, it will provide support for phonersize representations. If we observe
generalization at both phoneme and sub-phonemaldéndependently, it will provide
support for phonemand sub-phoneme-size representations.

2) Word-specific advantage
a) Will there be a larger imitation effect for wordsthe listening list?
b) Will there be a larger imitation effect for wordstlvlower lexical frequency?

The exemplar view predicts a stronger specifiaity hore recently experienced words,
so we would expect a larger imitation effect forrds which subjects hear in the
experiment. The view also predicts a stronger $ipeyifor low-frequency words than
for high-frequency words, because the smaller tihebrer of exemplars associated with a
given word, the larger the weight of each new eXxamghese predictions were proved
correct (Goldinger 1998, 2000) through AXB percaptjudgments: lower-frequency
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words engender more imitation, an effect that iases with repetitions. Could a similar
result be obtained through physical measuremewOat?

3) Interaction between spontaneous imitation amgliistic (phonemic) contrast
a) If imitating one type of stimuli (i.e., reduced VPTight impair a linguistic
contrast while the other (i.e., extended VOT) does, would speakers still
imitate in the same degree?

2. Experiment

2.1. Method

Participants

Thirty-nine native speakers (20 for Group 1, 19 Gyoup 2) of American English with

normal hearing served as subjects for this experimEhey were recruited from the
UCLA undergraduate population, and included 20 fesmxand 19 males. They received
course credit for participating.

Stimuli

The production list consisted of 150 English wordsnong them, 100 were words
beginning with /p/ (80 target words: 40 high-fregag words and 40 low-frequency
words which were played in the study phase, and an iaddit20 low-frequency words
which were not played during the listening phasel 20 were low-frequency words
beginning with /k/. The remaining 30 words begathvgonorants and served as fillers.
The listening list consisted of 120 English wordsluding 80 target words from the
production list (40 high-frequency words and 40 4{saquency words beginning with
/p/), and 40 filler words beginning with sonoranfbe lexical frequency was determined
from both Kicera & Francis (1967) and CELEX2 (Baayen et al.5)9the threshold for
low-frequency words was 5 (per million) and 300d &émat for high-frequency words was
50 and 1000, respectively. The phonological neighbod density and syllable length
were controlled between the two frequency groupk.ttde words had equally high
familiarity (> 6.0 on the 7-point Hoosier Mentalxieon scale) (Nusbaum et al. 1984).
All the target words had initial stress, and theege no onset clusters.

A phonetically trained male American English speaterorded the 80 target
words in the production list. The speaker firstgaroed the words in the list normally,
and then with extra aspiration. The VOTs for thenmally produced initial /p/ were
measured (mean=72.46ms, SD=12.14). To make thepGtostimuli (with extended
VOT), the normally produced tokens (including thansition between aspiration and
voice onset) and the initial parts of hyper-aspilatokens were spliced using PCquirer
(Scicon R&D, CA) so that the resulting VOT weadended by 40ms (mean=113.26 ms,
SD=10.82). This splicing method was chosen, as sggbto extending the middle part of
VOT as in Shockley et al. (2004), in order to maali;m preserve natural formant
transitions. To make the Group 2 stimuli (with reéd VOT), the most stable part of
aspiration for the normally produced target worstarting with /p/) was taken out so that
the resulting tokens had VOT reduced by 40ms frloenariginal tokens (mean=32.29ms,

! Each frequency group consisted of 10 monosyllalnia, 20 disyllabic words and 10 trisyllabic words.
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SD=12.39ms). To assure that these tokens stillds=aifike the target words (i.e, initial
phoneme being /p/ as opposed to /b/), two nativgifinspeakers were asked to listen to
the words, and record what they thought they heavdry word was heard as /p/-initial
word by both listeners.

Procedure

The experiment used a slightly modified versiorthe imitation paradigm (Goldinger,
1998),in that a warm-up reading phase was added at tgmrbag to avoid possible
hyper-articulation in the test reading due to fegposure. The stimuli were presented
using Psyscope 1.2.5 (Cohen et al. 1993). Eaclesilvps seated in front of a computer
in a sound booth. Each session was divided intdodkb: 1) warm-up, 2) baseline, 3)
listening, and 4) test. In the warm-up block, therds were presented, one at a time, on a
computer screen every 2 seconds. The subjectsimstracted to read the words silently
without pronouncing them. In the baseline blocle shbjects were instructed to “identify
the word you see by speaking it into the microphkiohe the listening block, using
headphones, the subjects were exposed to two tiepstof the 120 spoken word tokens
(80 target words and 40 filler words). There wasadditional task during this block. The
test block was exactly the same as the baselirek bhcross the four blocks, the words
were presented in random order for each subject. Sibjects' tokens were digitally
recorded into a computer and VOTs were measuredguboth waveforms and
spectrograms. Unlike in previous studies, there m@aperceptual assessment (i.e., AXB
testing) of the baseline versus test productions.

3. Results

The within-subject factors in this study were:
Type of Production: (Baseline vs. Test)
Lexical Frequency: (High vs. Low)
Presence of ExposurefTarget vs. Novel Items)
Segment:(p/ vs. k/)

The between-subject (group) factor in this studg:wa
Listening Stimuli (Extended VOT [Group 1] vs. Reduced VOT [Group 2])

A repeated-measures ANOVA analysis with Type ofdaadion (within-subject) and
Listening Stimuli (between-subject) revealed a rclederaction (F(1,75) = 23.99
<0.001*) between the two factors. The baseline eslof the 2 groups were equivalent,
while the degree of imitation was dependent onlitening stimuli. For this reason, the
two groups’ data were analyzed separately.

Groupl

Repeated-measures ANOVA analysis with two withibjeats factors (Type of
Production and Lexical Frequency) for the 80 tangetds revealed significant main
effects of both Type of Production (F(1,19)=13.p30.01*) and Lexical Frequency
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(F(1,19)=4.79,p<0.05*). However, the interaction between the tvemtbrs was not
significant (F(1,19)=0.0§>0.1).

Another repeated-measures ANOVA analysis with tithin-subjects factors
(Type of Production and Presence of Exposure [getavs. novel stimuli]) showed a
significant difference for both Type of Productiqf(1,19)=11.99,p<0.01%*), and
Presence of Exposure (F(1,19)=13.820.01*F. However, the interaction between the
two factors was not significant (F(1,19)=0.390.1).

Next, in order to see how the imitation effectgmsneralized to new stimuli, a
repeated measures ANOVA with two within-subjectstdes (Type of Production and
Segment) was performed. Note that neither groupartls tested here was played in the
listening block. Similar to the results for itenfsat were played in the listening block,
there was a significant difference between pre- gubt-exposure productions
(F(1,19)=17.079p<0.01*). There was also a significant differencéws=n /p/ and /k/
(F(1,19)=217.845p<0.001*) as expected due to their normally-diffgrMOT (e.g., Zue,
1980), while there was no interaction between weefactors (F(1,19)=0.82>0.1.)

Table 1 shows the medians, means, standard dmsga#ind standard errors of
VOT (ms) by stimulus types. As can be seen, thedstal deviations are very large in
general, due to the individual variability of VOQn the other hand, the means of
standard errors are quite small, which shows tmatsuibjects’ shifts in their production
(= imitation) were rather consistent.

Table 1: Summary of Group 1 Results

Std.
Order of Deviation Std. Error of
Stimuli Type | Production Median (ms) Mean (ms) (ms) Mean (ms)
[arget/P/ | Baseline 59.678 65.282 15.8164 3.5367
Test 73.257 73.346 17.8417 3.9895
Iﬁgﬂet /Pl | Baseline 59.495 64.209 15.6039 3.4891
Test 68.937 71.867 17.4699 3.9064
E‘g\)’ve' P Baseline 60.862 62.946 15.6226 3.4933
Test 68.865 69.920 14.7472 3.2976
E‘g\)’ve' K Baseline 70.615 75.143 13.9103 3.1104
Test 81.240 80.797 13.9099 3.1103

Group2

Repeated-measures ANOVA analysis with two withibjeats factors (Type of
Production and Lexical Frequency) for the 80 targeirds showed significant
differences for neither Type of Production (F(1AB)4,p>0.1) nor Lexical Frequency
(F(1,18)=0.38,p>0.1). The interaction between the two factors was$ significant

(F(1,18)=0.43p>0.1). Two more repeated-measures ANOVA analys#és twio within-

2 Note that this comparison was made between thetywmvel words (all disyllabic with initial /p/ and
low lexical frequency) and the twenty disyllabicget words with low frequency.
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subjects factors (Type of Production and Presehé&&xposure, Type of Production and
Segment) were performed, and the results reveatedignificant difference in any
comparison (F<1p>0.1). That is, there was no imitatiomp word-specificity, and no
generalization found in Group 2. Table 2 showsntieglians, means, standard deviations
and standard errors of VOT (ms) by stimulus typges.can be seen, being exposed to
target speech did not shift subjects’ VOT in theywalid in Group 1.

Table 2: Summary of Group 2 Results

Std.
Order of Deviation Std. Error of
Stimuli Type | Production Median (ms) Mean (ms) (ms) Mean (ms)
Iﬁ;\?et IP1 Baseline 63.500 61.610 12.5022 2.8682
Test 63.810 64.236 14.6565 3.3624
L‘gﬂet /PI | Baseline 65.906 63.383 11.4462 2.6259
Test 63.308 64.488 152054 3.4884
Movel 7P/ el 64.512 62.755 11.9220 2.7351
Test 63.232 63.166 147955 3.3943
Egv‘\’,e' o el 75.265 77.298 9.7106 2.2278
Test 76.620 77.083 10.8968 2.4999

4. Discussion

Imitation
Our results from Group 1 revealed a statisticailgnificant effect of spontaneous
phonetic imitation. As seen in Figure 1, test-piithns show consistently longer VOTs
than baseline productions, revealing that the V@ifation effect is present even when
the task involves non-shadowing elicitation-styl®duction. This result is consistent
with previous studies (e.g., Goldinger, 1998). Abeight minutes after they heard the
target speech, subjects appeared to have sustai@edodeled speech’s detailed surface
phonetic information (i.e., extended aspiration).

It could be hypothesized that the imitation is tluglobal changes in speech style.
An argument against this interpretation is provibdgd post-hoc analysis of whole-word
duration. If the effect is due to episodic memorye-learning, only the manipulated
variable (in this case, VOT) should be affected.t@nother hand, if the change is due to
more global aspects of speech, we would expeced¢ochanges in other variables. For
this reason, the whole-word duration of the lowgtrency target words was measured
from 8 randomly chosen subjects’ data. Unlike witT, there was no significant
difference between baseline and test (Fx%,1) productions. Given these results, it is
unlikely that global aspects of speech are soketponsible for the spontaneous phonetic
imitation observed in this study.
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40.0 —

Figure 1: Group 1 Imitation effect (in VOT) plotted acrossifdaypes of stimuli. The
subjects listened to stimuli with LONGER VOThe horizontal (black) bar represents
the median, the box represents the 25th - 75tlepéle range, and the whisker
represents the range of observation.

Word-Specificity
In order to replicate the effect of word specific{iGoldinger, 1998 & 2000) through
physical measurement of a phonetic feature, theeotustudy carefully controlled Lexical
Frequency and Presence of Exposure as independeables. Word specificity would
mean that low frequency words, especially thosé \(more) exposure, should show a
stronger imitation effect. Although significant maeffects were found in both variables,
expected interactions between these variableshensittength of imitation (in VOT) were
not observed. Thus, the effect of word specificigth through Lexical Frequency and
Presence of Exposure, is inconclusive in this study

There are some factors that might have contributedhis negative result,
however. First, the method of current study was$eteht from previous studies with
regard to the presence of the warm-up phase. Acgprid Goh and Pisoni (1998), a
lexical frequency effect could easily disappearsuth a repeated-sampling procedure.
Although the modification was made in an attempeliminate/minimize some hyper-
articulation (for low frequency items) observedour pilot study, it did add an exemplar
to each target word (with high and low frequend3gcently experienced exemplars are
supposed to have a stronger echo, and thus thengeesvarm-up phase must have
reduced the difference between high and low freguegroups. It would not be
surprising if the warm-up phase contributed torith#-interaction result of imitation and
lexical frequency in the current study. Secondisitalso noteworthy that Goldinger
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manipulated the number of training exposures framento twelve, while the current
study compared none and two. In his results (b@&®81and 2000), there was a clear
interaction between the strength of imitation (i.eorrect AXB judgment) and the
number of repetitions, yet the difference betweerozand two exposures was rather
small. Third, the current study estimated the gtenof imitation from physical
measurements of VOT produced by 20 subjects, assegpto perceptual judgment by
300 subjects in Goldinger (2000). Among many fesgun the modeled speech signal
(which were all available for the subjects to irt@)a VOT is the only feature
manipulated and measured in this study. It is jpsshat measuring one feature is just
not as powerful as overall perceptual assessment AXB judgment) to show word-
specificity. And the smaller number of subjectstaiety reduces the power of statistics.
Taken together, the inconclusive result for wordesficity in this study cannot be taken
to challenge the existence of such an effect, tdiwes reveal that the effect is subtle and
perhaps requires strong statistical power to detratesit.

Generalizability

Our data from Group 1 also showed that the imitagffect was generalized to novel
stimuli that subjects did not hear during the hatg block (sedNovel /p/ types in Figure
1). Compared with their baseline, the subjects gpeed significantly longer VOT in the
test block even for the novel words with initial./phis result indicates that the locus of
spontaneous phonetic “imitation” is not word-spiecifand that subjects imitated
something smaller than a word.

Perhaps the most important finding of the currémdgis that the imitation effect
was also generalized to a new phoneme /k/, whidreshthe manipulated feature
[+spread glottis]This result indicates that subjects imitated a that is smaller than the
phoneme, suggesting subjects’ knowledge soib-phonemic representation. Many
linguistic theories assume that words are madef wjisorete speech sounds (=segments)
that are themselves complexes of features (HaB85)L Support for this notion has
traditionally been provided by phonological altdroas and phonotactic constraints.
Recent experimental work by Goldrick (2004) suggdisat speakers possess knowledge
of phonological structure: in his study, subjeceyevable to learn phonotactic constraints
at two levels of representations (segment and feptinrough exposure to a set of
nonwords. The current study provides additionalpsui through spontaneous phonetic
imitation, for the sub-phonemic assumption. Ondtteer hand, there was no interaction
between the tested segment (i.e., /p/ and /k/)Tamp@ of Production (baseline vs. target)
(F<1, p>.1), showing that the amount of imitation for #weo segments was the same.
Thus our results are inconclusive with respectpb@eme-level representation.

Note also that these results support some sortimiphonemic representations,
but not necessarily distinctive features per se.gxample, it is entirely possible that the
imitated unit is agesture instead of a feature. These two theoretically restive views
are in fact indistinguishable in the current study.
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Figure 2: Group 2 Imitation effect (in VOT) plotted acrossifdaypes of stimuli. The
subjects listened to stimuli with SHORTER VOT. Thwizontal (black) bar represents
the median, the box represents the 25th - 75tlepéle range, and the whisker
represents the range of observation.

Asymmetry of Imitation

Contrary to the results in Group 1, the subject&iaup 2 (who were exposed to shorter
VOT) did not show any significant difference betwdgaseline and test productions in
terms of their VOT across all types of stimuli ($&gure 2). Our data from the baseline
recordings of both experiments show that the distion of VOT for /p/ ranges from
around 20 ms to 130 ms, centering around 65 msnr88®4 ms, median 63.71 ms). If
we assume that these data represent the realidifiebdtion of VOT, we would expect
that people have heard many exemplars of VOT is thnge, predicting phonetic
imitation to occur in both directions. The cleayrasnetry of phonetic imitation found in
this study, namely the absence of the imitatioreatffin Group 2, suggests that
spontaneous phonetic imitation is not an automaticess as exemplar theories might
predict, but rather a more complicated process tateli by other factor(s).
Linguistically speaking, the difference betweenftive conditions is clear: imitating long
VOT does not endanger the voiceless stop categdmje imitating short VOT could
introduce categorical ambiguity with the voicedpstallen and Miller's VOT Goodness-
Rating study (2001) presents a similar asymmetnieallt: unrealistically long VOT
values (e.g., around 150ms) are considered as leadenplars of /p/ than shorter VOT
values (e.g., 40ms) which occur more often in spaech. In Figure 3, two arrows that
indicate the current study’s listening stimuli (pand short VOT) were added to the
original figure from Allen and Miller (2001). As nébe seen, the VOT values played for
Group 1 (113.26 ms on average) are rated much htphe the VOT values played for
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Group 2 (32.29ms on average). If subjects in Grddglt that the listening stimuli were

not very good examples of /p/, while subjects ip&xment 1 heard the listening stimuli
as good examples of /p/, it is not surprising thHa imitation effects in the two

experiments were asymmetrical. In Allen and Mil{g001), a change in lexical status
(whether the target was a word or not, such deéfipeef) did not shift the entire range
of best-exemplars (the horizontal lines in the Feg8), but only the lower limit of the

range, which borders on the category-boundary negilbowing the subjects’ sensitivities
to phonemic contrast. Taking Allen & Miller's (200&nd the current study’s results
together, phonemic “goodness” appears to be maztllay the knowledge of phonemic
contrast, rather than simply based on the collactibexperiences. And this linguistic
knowledge seems to have influenced the phonetiaiion in Group 2.

* = ———— * ——{F— beace-peace-*peace
— —#— - peef-peef-*peef

Goodness as /p/
F-9

o 50 100 150 200 250
VOT (ms)

Figure 3 [Figure 2 from Allen & Miller (2001), Perception Bsychophysics, 63 (5), p803]
Group goodness ratings as a function of voice onstne (VOT) for
the beace—peacépeaceseries and thebeef-peef*peefseries. Arrows were added to
indicate VOT values which subjects in our experimets heard.

Shockley et al. (2004) (as well as Fowler et al03®0argued that gesture theories of
speech perceptiofLiberman & Mattingly, 1985; Fowler, 1994) providecounts for
their results, namely the phonetic imitation of JoOT in shadowing. According to
gesture theories, listeners’ perception of phonemesdes motor information. When the
participants are asked to shadow some speech sipeal responses are automatically
guided by their perception of modeled gesturess fmedicting spontaneous imitation.
Although it is not clear how long the memory of gaved gestures is sustained, our
findings of phonetic imitation and its generalipatiat sub-phonemic level (but not
phoneme level) seem prima facie more compatiblé gésture theories than traditional
acoustic theories. However, the asymmetry of phorigtitation found in the current
study reveals a more complex relationship betwgeech perception and production. At
least in non-shadowing imitation, a perceived medglesture does not necessarily affect
one’s speech production, and other factor(s) castcain the response.
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5. Conclusion

In order to see if there is experimental supporttfe structures assumed by many
linguistic theories, non-shadowing spontaneous ptionmitation experiments were
conducted that test 1) the generalizability of panimitation tonew instances which
share (a) the same initial phoneme, or (b) the sé&ma&ure; 2) the word-specific
advantage predicted by exemplar view; and 3) intema of phonetic imitation with
linguistic (or, phonemic) contrast. As expected, tbsults revealed a significant effect of
phonetic imitation in a non-shadowing paradigm:jects produced significantly longer
VOTs after they were exposed to the target speleah in their baseline productions
recorded prior to the exposure. Furthermore, tealt® showed that the modeled feature
[+ spread glottis] was generalized to new wordshvimitial /p/) as well as to a new
segment (/k/). This result indicates that the stibjpossess knowledge of sub-phonemic
structure, supporting the traditional assumption limguistics. However, when the
subjects were exposed to modeled speech with rddCEl's, there was no imitation
observed, revealing the non-automaticity of phanietitation.

This study showed that speakers are sensitivard,remember, sub-segmental
details and phonemic contrast, which therefore nbastepresented in some way. The
results of the current study thus call for a lirsggially informed model of speech
perception, which incorporates both sub-segmemtdl \&ord-level representations as
well as knowledge of linguistic contrast.
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