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ABSTRACT new exemplar. [5] extended [1] by showing a
significant Voice-Onset-Time (VOT) imitation
The imitation paradigm [1] has shown that subjectseffect (in shadowing) for voiceless stops with
shift their production in the direction of the tatg artificially extended VOTs. These studies show
indicating the use of episodic traces in speecHisteners’ sensitivity to variations in global pletic
perception. By wusing this paradigm, two dimensions (i.e., FO) as well as the fine phonetic
experiments were carried out to test: 1) if/hows thi detail of a single segment (i.e. VOT).
implicit phonetic imitation interacts with linguist Our interest is to determine the automaticity of
representations when the change might impaiimplicit phonetic imitation, by comparing how two
linguistic contrast; 2) whether phonetic imitation types of modeled stimuli are imitated. In addition
can be generalized, and 3) whether word-level extended VOT (as in [5]), the current study
specificity can be obtained through physical employs reduced VOTtarget stimuli. Unlike
measurements of a phonetic feature. The resultextended VOT, reduced VOT in voiceless stops
revealed a significant effect of implicit phonetic could introduce linguistic ambiguity. If implicit
imitation for extended VOTs, although there was nophonetic imitation is an automatic process,
imitation observed for reduced VOTSs. Furthermore,knowledge of phonemic contrast should not
the imitated feature (extended VOT) was constrain the effect and thus we would expect
generalized to new instances of the target phonemsimilar imitation between the two types of modeled
/p/ as well as to the new segment /k/. These mesultstimuli. On the other hand, if different degrees of
indicate that 1) knowledge of phonemic contrastimitation are observed, it will suggest that the
modulates the implicit phonetic imitation, and 2) imitation is not automatic, but a more complicated
speakers possess sub-phonemic representationgrocess that is filtered by linguistic knowledge.
Expected word specificity was not observed in the Although [1] shows evidence for word-size
data. representations, it does not reveal whether sub-
lexical units were also influenced by the imitation
1. INTRODUCTION effect. The present study extends the earlier ssudi
by using anon-shadowing task, which lets the
Recent studies have shown that traces of episoditistening and production lists differ; thus unheard
memory are retained and used in speech perceptiowords can be introduced into the production list.
[2], and that both speech perception and productiorhis allows us to test the generalization of the
are more plastic than previously considered (§g., imitation to sub-lexical unitsnamely phonemic and
4]). The implicit imitation paradigm, in which sub-phonemic representations. Lastly, we will
subjects’ speech is compared before and after thegxamine whether word-level specificity can be
are exposed to target speech, has shown thatemonstrated.
speakers shift their productions in the directidn o
what they just heard. For example, Goldinger [1] 2. METHOD
showed that subjects shifted their own FO when
they are asked to shadow (= immediately repeatParticipants. Thirty-nine native speakers of
speech with manipulated FO. His result alsoAmerican English with normal hearing served as
revealed a word-specific advantage of imitation: subjects for this experiment. They were recruited
larger imitation effects were observed among low-from the undergraduate population at UCLA, and
frequency words than high-frequency words. This isreceived course credit for participating.
as predicted by exemplar-based theories, becaus&imuli: The production list consisted of 150
the smaller the number of exemplars associatednglish words. 100 were words beginning with /p/
with a given word, the larger the weight of each (80 target words: 40 high-frequency words and 40
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low-frequency words which were played in the tokens (with no additional task). The test bloclswa
listening phase, and an additional 20 low-frequencythe same as the baseline block. Across the four
words which were not played during the listening blocks, the words were presented in random order
phase), and 20 were low-frequency wordsfor each subject. The subjects' tokens were digital
beginning with /k/. The remaining 30 words beganrecorded into a computer and VOTs were measured
with sonorants and served as fillers. The listeningusing both waveforms and spectrograms. Unlike in
list consisted of 120 English words, including 80 previous studies, there was no perceptual
target words from the production list (40 high- assessment (e.g. AXB testing) of the baseline
frequency words and 40 low-frequency words versus test productions.

beginning with /p/), and 40 filler words beginning

with sonorants. Lexical frequency was determined 3. RESULTS

from [6, 7]. The phonological neighborhood density

and syllable length were controlled between the twowithin-subject factors in this study were:

frequency groups. All the words had equally high  Type of Production: Baseline vs. Test

familiarity (> 6.0 on the 7-point scale from [8All L exical Frequency: High vs. Low

the target words had initial stress, and there were Presence of Exposure: Target vs. Novel ltems
onset clusters. A phonetically trained male  Segment: /p/ vs. /k/

American English speaker recorded the 80 targefThe between-subject factor in this study was:
words in the production list. The speaker first  Listening Stimuli: Extended VOT [Group 1] vs.
produced the words in the list normally, and then Reduced VOT [Group 2]

with extra aspiration. The mean VOT of normally

produced initial /p/ was 72.46 ms (SD=12.14). ForRepeated-measures ANOVA analysis with two
Group 1 stimuli (with extended VOT), the normally factors (Type of Production and Listening Stimuli)
produced tokens (including the transition betweenrevealed a clear interaction (F(1,75) = 23.99,
aspiration and voice onset) and the initial pafts o <.001*) between them. The baseline values of the 2
hyper-aspirated tokens were spliced so that all thgroups were equivalent, while the degree of
target words’ VOTs wereextended by 40ms imitation was dependent on the listening stimuli.
(mean=113.26 ms, SD=10.82). For Group 2 stimuliFor this reason, the two groups’ data were analyzed
(with reduced VOT), the most stable part of separately.

aspiration for the normally produced target wordsGroup 1. A repeated-measures ANOVA with two
(starting with /p/) was taken out so that all theget ~ within-subjects factors (Type of Production and
words’ VOTs were reduced by 40ms from the Lexical Frequency) revealed a significant
original tokens (mean=32.29ms, SD=12.39ms). Todifference for both factors: F(1,19)=13.18:.01*,
assure that these tokens still sounded like trgetar and F(1,19)=4.79p<.05*, respectively. However,
words (i.e., initial phoneme being /p/ as opposed t the interaction between the two was not significant
/b/), two native English speakers were asked to(F(1,19)=0.08,p>.1). Another repeated-measures
listen to the words, and record what they thoughtANOVA analysis with two within-subjects factors
they heard. Every word was heard as /p/-initial by(Type of Production and Presence of Exposure [=
both listeners. target vs. novel]) showed a significant difference
Procedure: The experiment used a modified for both factors (F(1,19)=11.99p<.01*, and
version of the imitation paradigm [1], in that a F(1,19)=13.22,p<.01*, respectively), while the
warm-up reading phase was added at the beginningnteraction between the two factors was not
to avoid possible hyper-articulation. The stimuli significant (F(1,19)=.39p>.1). Next, in order to
were presented using Psyscope 1.2.5. Each subjesee how the imitation effect is generalized to new
was seated in front of a computer in a sound boothstimuli, a repeated-measures ANOVA with two
Each session was divided into 4 blocks: warm-up within-subjects factors (Type of Production and
baseline, listening, and test. In the warm-up block Segment) was performed. Note that neither group
the words were presented, one at a time, on ®&f words tested here was played in the listening
computer screen every 2 seconds. The subjects reddock. There was a significant difference between
the words silently. In the baseline block, the pre- and post-exposure productions (F(1,19)=
subjects were instructed to “identify the word you 17.08,p<.01*), and between /p/ and /k/ (F(1,19)=
see by speaking it into the microphone.” In the 217.85,p<.001%), as expected (e.g.[9]), while there
listening block, using headphones, the subjectewerwas no interaction between the two factors
exposed to two repetitions of the 120 spoken word(F(1,19)=.82p>.1).
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is present in non-shadowing elicitation-style
production. The data also showed that the imitation
100 - effect was generalized to novel stimuli that sutgjec
did not hear during the listening block (sidevel

/p/ in Figure 1). This result indicates that the locus

’g %7 of spontaneous phonetic “imitation” is not word-
- specific, and that subjects imitated something
5 o0 smaller than a word. The imitation effect was also
> generalized to a new phoneme /k/, which shares the
manipulated feature [+spread glottis]. This result
40 | paerdl indicates that subjects imitated a unit that islkna
S?:f"ne than the phoneme, suggesting subjects’ knowledge
| | | : of sub-phonemic representation. On the other hand,
Target o/ Tagg;/w Novel i/ Novel i there was no interactidmetween the tested segment

and Type of Production (F<Ip>0.1), indicating
that the amount of imitation observed for novel /p/
Figure 1: Group 1 imitation effects (in VOT) plotted across and /k/ was the same. Thus, this result does not
four types of stimuli. The subjects listened tomstii with provide support for phoneme-level representation.
LONGER VOT. The horizontal bar represents the me_dilae In order to determine if the imitation is S|mp|y
box represents the 25th - 75th p(_ercentlle range tlaen whisker due to global changes in speech style, a post-hoc
represents the range of observation. . . ’
analysis of whole-word duration was conducted. If
the effect is due to episodic memory or rule-
learning, only the manipulated variable (in thisea
VOT) should be affected. The whole-word duration
f the low-frequency target words was measured
rom 8 randomly chosen Group 1 subjects’ data.
Unlike with VOT, there was no significant
difference between baseline and test productions
(F<1). Given these results, it is unlikely thatlzdb
aspects of speech are solely responsible for the
100 phonetic imitation observed in this study, again
localizing the effect in a sub-lexical unit.
In contrast, the subjects in Group 2 (exposed to
reduced VOT) did not show a significant difference
ﬁ ﬁ ﬁ between baseline and test productions in their VOT

Stimulus Type

Group 2. Repeated-measures ANOVA analyses
for Group 2 found no significant differences. That
is, neither imitation nor generalization was foumd
Group 2. As can be seen in Figure 2, being expose
to target speech did not shift subjects’ VOT in the
way it did in Group 1.

80—

VOT (ms)

across all types of stimuli (see Figure 2). Datarir
the baseline recordings of both groups show theat th
Order of distribution of VOT for /p/ ranges from around 20
71 1 + 1 Production ms to 130 ms, centering around 65 ms (mean 65.04
O Test ms, median 63.71 ms). If we assume that these data
Targstlol  Targutlpl  Novells/  Novel K represent the real-life distribution of VOT, we
Low High Low Low would expect that people have many exemplars of
VOT in this range, predicting phonetic imitation to
Figure 2: Group 2 imitation effects (in VOT) plotted across occur iIn both directions. The clear asymmetry of
foSr types of sl?timuli. The subjects listened ?omslii with phonetic Imltatlo.n Tou.nd I.n this study, namely the
SHORTER VOT. absence of the imitation in Group 2, suggests that
phonetic imitation is not an automatic process as
4. DISCUSSION exemplar theories might predict. Linguistically

speaking, the difference between the two conditions
Our results from Group 1 revealed a significantis clear: imitating long VOT does not endanger the
effect of implicit phonetic imitation. As seen in Voiceless stop category, while imitating short VOT
Figure 1, test-productions (light bars) show could introduce categorical ambiguity with the
consistently longer VOTs than baseline productionsvoiced stop. [10] presents a similar asymmetrical
(dark bars), revealing that the VOT imitation effec result: unrealistically long VOT values (e.g. ardun
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150ms) are considered better exemplars of /p/ thamew words (with initial /p/) as well as to a new
shorter VOT values (e.g., 40ms), even thoughsegment (/k/). However, when the subjects were
shorter values occur more often in real speecht Thaexposed to modeled speech with reduced VOTs,
is, the VOT values played for Group 1 (113.26 msthere was no imitation observed. These results
on average) would be rated much higher than theeveal the non-automaticity and generalizability of
VOT values played for Group 2 (32.29ms on phonetic imitation, indicating that knowledge of
average). If Group 2 subjects felt that the ligtgni phonemic contrast constrained the implicit phonetic
stimuli were not very good examples of /p/, while imitation, and that the subjects possess knowledge
Group 1 subjects heard the listening stimuli asdgoo of sub-phonemic structure.
examples of /p/, it is not surprising that the
imitation effects in the two experiments were 6. ACKNOWLEDGEMENT
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