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Phonetic imitation Phonetic imitation ((GoldingerGoldinger 1998)1998)

�� Imitation Paradigm:Imitation Paradigm: SubjectsSubjects’’ speech is compared before speech is compared before 
and after they listen to target speechand after they listen to target speech

�� Subjects shift their production in the direction of the target Subjects shift their production in the direction of the target 
speechspeech

�� Episodic view of speech perceptionEpisodic view of speech perception

Baseline recording   Listening Test recording
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Episodic view of speech perceptionEpisodic view of speech perception

� Lexical frequency effect
� Prediction: Low frequencyow frequency words = less exemplars words = less exemplars �� weight of weight of 

one exemplar is relatively large one exemplar is relatively large �� larger imitationlarger imitation

High frequency word

�� Exemplar = trace in memory from every stimulusExemplar = trace in memory from every stimulus
�� Category = exemplar cloud Category = exemplar cloud 

Low frequency word



LSA Chicago, 1/5/2008 4

Unit of imitation  Unit of imitation  (Nielsen 2007)(Nielsen 2007)

Lengthened VOT on /p/:Lengthened VOT on /p/:

�� Imitated and generalized to Imitated and generalized to 
new phoneme /k/  new phoneme /k/  
�� SubSub--phonemic     phonemic     

representation         representation         
((e.g.,[+spreade.g.,[+spread glottis])glottis])

�� WordWord--level specificity: Greater level specificity: Greater 
degree of imitation for heard degree of imitation for heard 
wordswords
�� Lexical representationLexical representation

Long VOTVOT

��� �
Target speech
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Shortened VOT on /p/: Shortened VOT on /p/: 

�� Could jeopardize phonemic Could jeopardize phonemic 
contrast with /b/ contrast with /b/ 

�� Not imitatedNot imitated

�� Phonemic contrast Phonemic contrast 
constrains phonetic constrains phonetic 
imitationimitation

Short VOT

AutomaticityAutomaticity of imitation of imitation (Nielsen 2007)(Nielsen 2007)

��� �
Target speech
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Unanswered questionUnanswered question

�� Long VOT: output is unconstrainedLong VOT: output is unconstrained
�� ImitationImitation

�� Short VOT: output is constrained by phonemic contrastShort VOT: output is constrained by phonemic contrast
�� No imitationNo imitation

�� Do Do phonological factors unrelated to contrast phonological factors unrelated to contrast 
preservation also constrain imitation?preservation also constrain imitation?

�� Variation tested: Japanese vowel devoicingVariation tested: Japanese vowel devoicing
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Japanese vowel devoicingJapanese vowel devoicing

�� In Tokyo Japanese, short In Tokyo Japanese, short highhigh (also mid) vowels [i, (also mid) vowels [i, ;Ü;Ü, e, , e, 
o]) become devoiced when they occur:o]) become devoiced when they occur:

�� between two voiceless consonants: between two voiceless consonants: C[C[--voivoi] _ C[] _ C[--voivoi]]

�� between voiceless consonant and pause: between voiceless consonant and pause: C[C[--voivoi] _ #] _ #

Han, 1962; Han, 1962; McCawleyMcCawley, 1968; Vance, 1987, 1968; Vance, 1987

�� Suitable for our purpose because Suitable for our purpose because 

�� Linguistically complexLinguistically complex
-- Consonant context  Consonant context  MaekawaMaekawa & & kikuchikikuchi, 2005, 2005

-- Syllable structureSyllable structure Kondo, 1997Kondo, 1997

-- Pitch accent  Pitch accent  Vance, 1987Vance, 1987

-- Vowel qualityVowel quality Han, 1962Han, 1962

-- Word / morpheme boundary Word / morpheme boundary Vance, 1987Vance, 1987
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Japanese vowel devoicingJapanese vowel devoicing

……also,also,

�� High crossHigh cross--speaker variabilityspeaker variability VardenVarden, 1998, 1998

�� Gradient Gradient (full devoicing = end point)(full devoicing = end point) Jun et al., 1997Jun et al., 1997

�� Partial devoicing Partial devoicing 

�� DevoiceableDevoiceable vowel = shortervowel = shorter

�� Preceding consonant = longerPreceding consonant = longer

�� Ease of acoustic manipulation for stimulus Ease of acoustic manipulation for stimulus 
constructionconstruction
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Japanese vowel devoicingJapanese vowel devoicing

�� A larger degree of devoicing does not endanger A larger degree of devoicing does not endanger 
phonemic contrast (unlike shortened VOT) phonemic contrast (unlike shortened VOT) 

�� Imitation of devoicing in certain environments would Imitation of devoicing in certain environments would 
violate attested phonological constraints (unlike wordviolate attested phonological constraints (unlike word--
initial lengthened VOT)initial lengthened VOT)

�� E.g., E.g., Consecutive devoicing Consecutive devoicing TsuchidaTsuchida, 2001, 2001

�� OCP [+OCP [+s.gs.g.], *Final [+.], *Final [+s.gs.g.].]
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ExperimentExperiment

�� Hypotheses tested:Hypotheses tested:
1.1. Japanese vowel devoicing is imitableJapanese vowel devoicing is imitable
2.2. The imitation is generalized to new words with the same and The imitation is generalized to new words with the same and 

new vowels new vowels 

�� Participants: (Participants: (Tokyo University of Foreign Studies)Tokyo University of Foreign Studies)
�� Sixteen native speakers of Tokyo Japanese (8F8M) with Sixteen native speakers of Tokyo Japanese (8F8M) with 

normal hearing and visionnormal hearing and vision
�� Monolingual. No experience of living abroadMonolingual. No experience of living abroad
�� Mean age: 29.5 (18Mean age: 29.5 (18--50)50)

�� PhonemesPhonemes
�� //;Ü;Ü, e, o/ as modeled (= target) phonemes, e, o/ as modeled (= target) phonemes
�� /i/ as test phoneme/i/ as test phoneme
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Stimulus selectionStimulus selection

Listening list (50)Listening list (50)

�� 20 words containing /20 words containing /;Ü;Ü/*/*

�� 10 words containing /10 words containing /e,oe,o/*/*

�� 20 fillers20 fillers

�� 20 words containing /20 words containing /;Ü;Ü//

�� 20 words containing /i/20 words containing /i/

�� 20 words containing 20 words containing 

both /both /;Ü;Ü/ and /i// and /i/

Production list (110) Production list (110) 

*manipulated voicing
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Stimulus selectionStimulus selection

�� Lexical frequency and familiarity: controlled using NTT Lexical frequency and familiarity: controlled using NTT 
database database Amano and Kondo, 2003Amano and Kondo, 2003

�� Neighborhood density not availableNeighborhood density not available

�� To avoid ceiling effect, stimuli include conditions with To avoid ceiling effect, stimuli include conditions with 
reported low rate of devoicing:reported low rate of devoicing:

�� Consecutive Consecutive TsuchidaTsuchida, 2001, 2001

�� MidMid--vowel vowel MaekawaMaekawa, 1989, 1989

�� PrePre--/h/ /h/ Yoshida, 1992;  Yoshida, 1992;  MaekawaMaekawa, 1989 , 1989 

�� WordWord--final final TeshigawaraTeshigawara, 2002;  Martin, 1952, 2002;  Martin, 1952
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Target stimulus constructionTarget stimulus construction

�� A female speaker of Tokyo Japanese recorded 50 words A female speaker of Tokyo Japanese recorded 50 words 
in the listening list in the listening list 

�� Instructed to devoice as much as possible, and Instructed to devoice as much as possible, and 
devoiced most casesdevoiced most cases

�� Further devoicing manipulationFurther devoicing manipulation

�� Any remaining voiced vowel portions Any remaining voiced vowel portions in devoiceable in devoiceable 
environments were environments were deleteddeleted



LSA Chicago, 1/5/2008 14

Target stimulus constructionTarget stimulus construction

�� Example (manipulated): Example (manipulated): tekagamitekagami

t   e

t (e)



LSA Chicago, 1/5/2008 15

t ai sh (o) k (u) t ea t (e)

�� Example (natural): Example (natural): taishokuteatetaishokuteate

Target stimulus constructionTarget stimulus construction

�� Target SpeechTarget Speech

�� Devoicing rate = 100%: voiced portion of vowel = 0msDevoicing rate = 100%: voiced portion of vowel = 0ms
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�� Example:Example:

�� TTeekagamikagami ‘‘hand mirrorhand mirror’’

�� ShShuukkuushakshakuu ‘‘reduced scalereduced scale’’

�� KKookorokoro ‘‘mind, heartmind, heart’’

�� TaishTaishookkuuteatteatee ‘‘retirement allowanceretirement allowance’’

Target stimulus constructionTarget stimulus construction
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Baseline recording Listening Test recording

Production list (110)Production list (110)
�� 20 /20 /;Ü;Ü/ words/ words yakyakuusousou, , kkuufuufuu
�� 10 /e, o/ words10 /e, o/ words sseekoikoi, , kkookorokoro
�� 20 unheard /20 unheard /;Ü;Ü/ words/ words asasuukaka, , ffuutata
�� 20 unheard /i/ words20 unheard /i/ words shshiihaihai, , shshiikerukeru
�� 20 unheard /20 unheard /;Ü;Ü/ and /i/ words/ and /i/ words kkiiffuukinkin, , ffuukkuushshii
�� 20 fillers20 fillers gimugimu, , inaiinai

ProcedureProcedure
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Baseline recording Listening Test recording

Listening list (50)Listening list (50)
�� 20 /20 /;Ü;Ü/ words/ words yakyakuusousou, , kkuufuufuu
�� 10 /e, o/ words10 /e, o/ words sseekoikoi, , kkookorokoro
�� 20 fillers 20 fillers gimugimu, , inaiinai

Two repetitions with no other taskTwo repetitions with no other task

ProcedureProcedure
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Baseline recording   Listening Test recording

Production list (110)Production list (110)
�� 20 /20 /;Ü;Ü/ words/ words yakyakuusousou, , kkuufuufuu
�� 10 /e, o/ words10 /e, o/ words sseekoikoi, , kkookorokoro
�� 20 unheard /20 unheard /;Ü;Ü/ words/ words asasuukaka, , ffuutata
�� 20 unheard /i/ words20 unheard /i/ words shshiihaihai, , shshiikerukeru
�� 20 unheard /20 unheard /;Ü;Ü/ + /i/ words/ + /i/ words kkiiffuukinkin, , ffuukkuushshii
�� 20 fillers20 fillers gimugimu, , inaiinai

ProcedureProcedure
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AnalysisAnalysis

�� Acoustic measurements of the duration of test words Acoustic measurements of the duration of test words 
(segment and whole(segment and whole--word) were made using word) were made using PraatPraat

BoersmaBoersma, 2001, 2001

�� Degree of devoicing was quantified in two ways:Degree of devoicing was quantified in two ways:

�� Binary:Binary: By counting the occurrence of full devoicing By counting the occurrence of full devoicing 
(categorical)(categorical)

�� Gradient: Gradient: By measuring duration of voicing in By measuring duration of voicing in 
devoiceabledevoiceable vowelsvowels to capture to capture partial devoicingpartial devoicing
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AnalysisAnalysis
kj- kj i k      o        m      i

kj- kj- k         o        m      i
[C]- = Full 
devoicing
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AnalysisAnalysis

�� Within subject factors:Within subject factors:

�� Baseline vs. Test production (= Imitation Effect)Baseline vs. Test production (= Imitation Effect)

�� Vowel (/Vowel (/;Ü;Ü/, mid/, mid--vowels and /i/)vowels and /i/)

�� Heard vs. Unheard ItemsHeard vs. Unheard Items
�� Heard vs. Unheard words with /Heard vs. Unheard words with /;Ü;Ü//

�� Heard (/Heard (/;Ü;Ü/, /e/, /o/) vs. Unheard (/i/) vowel /, /e/, /o/) vs. Unheard (/i/) vowel 

�� Statistical analysis:Statistical analysis:

�� Repeated measures ANOVARepeated measures ANOVA
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Results (binary measure): imitationResults (binary measure): imitation

�� Fraction of completely Fraction of completely 
devoiced vowels (%)devoiced vowels (%)

�� Significant difference Significant difference 
between baseline and between baseline and 
test productions test productions 
[F(1, 15)=14.2, p<0.01*][F(1, 15)=14.2, p<0.01*]

�� Imitation effectImitation effect
��� �

Target speech

//;Ü;Ü//
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Results (binary measure): generalizationResults (binary measure): generalization

�� No interaction between No interaction between 
imitation and /imitation and /;Ü;Ü/ & /i/      / & /i/      
[F<1, [F<1, pp>.1] = >.1] = Generalization Generalization 
to new vowelto new vowel

�� SubSub --phonemic phonemic 
generalizationgeneralization

�� Baseline vowel difference: Not Baseline vowel difference: Not 
designed to comparedesigned to compare

��� �
Target speech

//;Ü;Ü//
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Results (gradient measure): Results (gradient measure): 
imitation and generalizationimitation and generalization

�� No interaction between No interaction between 
imitation and vowelimitation and vowel
[F(1,14)=1.25, p>.1][F(1,14)=1.25, p>.1]

�� SubSub --phonemic phonemic 
generalizationgeneralization

�� Duration of voicing in Duration of voicing in 
devoiceabledevoiceable vowels (ms)vowels (ms)

�� Imitation effect        Imitation effect        
[F(1, 15)=44.18, p<0.001*][F(1, 15)=44.18, p<0.001*]

��� �
Target speech

��� �
Target speech

//;Ü;Ü//
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Results (gradient measure): specificityResults (gradient measure): specificity

FurthermoreFurthermore……

�� Marginal interaction Marginal interaction 
between degree of between degree of 
imitation and Heard imitation and Heard vsvs
Unheard words with /Unheard words with /;Ü;Ü/  /  
[F(1,15)=4.3, p=0.056][F(1,15)=4.3, p=0.056]

�� Suggests wordSuggests word --
level specificitylevel specificity

��� �
Target speech

Heard /Heard /;Ü;Ü// Unheard /Unheard /;Ü;Ü//
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An aside: Conditions with low rate of An aside: Conditions with low rate of 
devoicing devoicing 

Paired tPaired t--test: test: --3.9 (0.01*)3.9 (0.01*) --1.6 (0.06)       0 (1)         1.6 (0.06)       0 (1)         --1.3 (0.1)1.3 (0.1) t (t (sigsig))

�� Of these four conditions, only consecutive devoicing was imitateOf these four conditions, only consecutive devoicing was imitated d 
significantlysignificantly

�
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Example of consecutive devoicing: Example of consecutive devoicing: 
kikikomikikikomi

Baseline

Test
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DiscussionDiscussion

�� Japanese vowel devoicing was imitated,Japanese vowel devoicing was imitated, and generalized to
new words with the same and new vowelsnew words with the same and new vowels

�� Level of coding = Level of coding = SubSub--phonemicphonemic
�� Abstract, feature based representationAbstract, feature based representation

�� At the same time, a trend of stronger imitation for actually At the same time, a trend of stronger imitation for actually 
heard words was observed heard words was observed 

�� Suggests Suggests wordword--level specificitylevel specificity
�� Exemplar based lexiconExemplar based lexicon

�� Broadly consistent with the Broadly consistent with the Hybrid ModelHybrid Model (neo(neo--generative & generative & 
exemplar components) exemplar components) 

PierrehumbertPierrehumbert, 2002; Carlson et al. (to appear), 2002; Carlson et al. (to appear)
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ConclusionConclusion

�� Japanese vowel devoicing, which is linguistically complex, Japanese vowel devoicing, which is linguistically complex, 
was imitated without overt instruction, according to both was imitated without overt instruction, according to both 
binary and gradient measuresbinary and gradient measures

�� Imitation (=learning) was generalized to the unheard Imitation (=learning) was generalized to the unheard 
vowel, indicating that the level of coding was vowel, indicating that the level of coding was subsub--
phonemicphonemic

�� Suggested, but inconclusive Suggested, but inconclusive wordword--level specificitylevel specificity

� The results call for a model of speech perception and 
production which incorporates both subsub--phonemic phonemic 
representationrepresentation and exemplar based lexiconexemplar based lexicon
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