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Ini(al/pre	
  -­‐stress	
  CC 	
   	
   	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
   	
  Medial/post-­‐stress	
  CC	
  
	
  

Which	
  vowels	
  are	
  used	
  to	
  transcribe	
  the	
  epenthe(c	
  vowel?	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

•  A	
  back	
  mid	
  unrounded	
  vowel	
  <e>	
  [ɤ]	
  is	
  most	
  frequent,	
  but	
  not	
  when	
  C1	
  is	
  /p/.	
  
•  Significant	
  effects	
  of	
  C1	
  iden@ty	
  on	
  the	
  epenthe@c	
  vowel	
  [χ2	
  =	
  672.54,	
  p	
  <	
  0.0001]	
  
•  Co-­‐occurrence	
  restric@on	
  in	
  Mandarin	
  :	
  [kɤ]/[tɤ]/[pu],	
  but	
  *[pɤ]	
  	
  

Task	
  	
  
	
  

“Listen	
  to	
  the	
  s(muli	
  and	
  transcribe	
  them	
  in	
  Pinyin	
  with	
  tones.”	
  	
  
	
  
	
  

Par(cipants:	
  monolingual	
  Mandarin	
  listeners	
  (N=24)	
  	
  
	
  

•  14	
  females	
  and	
  10	
  males,	
  mean	
  age	
  =	
  38.0	
  
•  No	
  knowledge	
  of	
  a	
  foreign	
  language	
  (e.g.,	
  English,	
  Russian)	
  

	
  
	
  

S(muli	
  
	
  

Russian	
  pseudo-­‐words	
  produced	
  by	
  a	
  female	
  Russian	
  na(ve	
  speaker	
  
	
  

•  Targets	
  (with	
  CC	
  sequences)	
  vs.	
  controls	
  (with	
  CVC	
  sequences)	
  
•  Posi@on:	
  word-­‐ini@al	
  (pre-­‐stress)	
  vs.	
  word-­‐medial	
  (post-­‐stress)	
  
•  Consonant	
  makeup:	
  SS	
  vs.	
  SN	
  vs.	
  SL	
  (S	
  /k,	
  t,	
  p/;	
  N	
  /n/;	
  L	
  /l/)	
  
•  2	
  different	
  tokens	
  per	
  word	
  
•  /á/	
  denotes	
  a	
  stressed	
  vowel.	
  

Percep(on	
  of	
  non-­‐na(ve	
  consonant	
  sequences	
  is	
  
influenced	
  by:	
  
	
  

§  Phonological	
  knowledge	
  
	
  

•  Language-­‐specific	
  phonological	
  knowledge	
  [1]	
  	
  
•  Universal	
  sonority	
  restric@ons	
  [2]	
  

§  Phone(c	
  factors	
  
•  Acous@c-­‐phone@c	
  proper@es	
  of	
  the	
  s@muli	
  [3]	
  
•  Language-­‐specific	
  phone@c	
  sensi@vity	
  [4]	
  

	
  

Adapta(on	
  of	
  non-­‐na(ve	
  consonant	
  sequences	
  
	
  

§  Phonotac(c	
  adapta(on	
  (e.g.,	
  [1],	
  [2],	
  [3],	
  [4])	
  
•  Vowel	
  epenthesis/prosthesis	
  
•  Consonant	
  dele@on/change/metathesis	
  

	
  

§  Prosodic	
  adapta(on	
  (e.g.,	
  [5])	
  
•  Stress-­‐to-­‐tone	
  :	
  processing	
  input	
  pitch	
  

    
        


Phonotac(c	
  and	
  prosodic	
  adapta(on	
  of	
  non-­‐na(ve	
  consonant	
  sequences	
  by	
  Mandarin	
  na(ve	
  speakers	
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Background	
  

1.  How	
  do	
  speakers	
  with	
  simple	
  phonotac(cs	
  adapt	
  
non-­‐na@ve	
  consonant	
  sequences	
  (CC)?	
  	
  

2.  How	
  do	
  speakers	
  with	
  na@ve	
  tonal	
  system	
  
prosodically	
  adapt	
  non-­‐na@ve	
  prosodic	
  
structure?	
  	
  

Research	
  ques(ons	
  

Transcrip(on	
  experiment	
  

What	
  types	
  of	
  strategies	
  are	
  used	
  to	
  modify	
  non-­‐na(ve	
  CC	
  sequences?	
  

Conclusion	
  

	
  

	
  	
  	
  	
  Effects	
  of	
  posi(on:	
  Pre-­‐stress	
  vs.	
  Post-­‐stress 	
   	
  	
  Effects	
  of	
  consonant	
  makeup	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Percep(on	
  of	
  illusory	
  tone	
  influenced	
  by	
  f0	
  of	
  the	
  s(muli	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

Mixed	
  effects	
  logis@c	
  regression	
  on	
  tone	
  on	
  the	
  illusory	
  V:	
  
•  Low:	
  pre-­‐stress	
  >	
  post-­‐stress	
  [𝛽	
  =	
  2.52,	
  p	
  =	
  0.001]	
  
•  Falling:	
  pre-­‐stress	
  <	
  post-­‐stress	
  [𝛽	
  =	
  2.85,	
  p	
  <	
  0.0001]	
  	
  
•  High/Rising	
  tones	
  do	
  not	
  show	
  significant	
  effects	
  of	
  posi@on.	
  

Which	
  tones	
  are	
  transcribed	
  on	
  the	
  illusory	
  vowels?	
  

•  Phonotac@c	
  knowledge	
  repairs	
  illicit	
  CC	
  sequences	
  by	
  
inser@ng	
  a	
  vowel	
  or	
  dele@ng	
  one	
  of	
  the	
  consonants.	
  

•  Specific	
  repair	
  strategies	
  are	
  determined	
  based	
  on	
  
detailed	
  phone@c	
  proper@es	
  of	
  the	
  s@muli	
  and	
  the	
  
listeners’	
  sensi@vity	
  to	
  those	
  proper@es.	
  	
  

•  Prosodic	
  adapta@on:	
  Listeners	
  will	
  adapt	
  the	
  input	
  f0	
  
into	
  tones.	
  

consonant	
  
makeup	
   ini(al,	
  pre-­‐stress	
   medial,	
  post-­‐stress	
  

Targets	
  	
  
with	
  CC	
  	
  
(n=16)	
  

SS	
   ktápa	
  	
  tkápa	
  	
  ptáka	
   ákta	
  	
  átka	
  	
  ípta	
  	
  átpa	
  

SN/NS	
   knápa	
   áknu	
  	
  únka	
  	
  

SL/LS	
   pláka	
  	
  klápa	
   áklu	
  	
  ípla	
  	
  álka	
  	
  álpa	
  

Controls	
  	
  
with	
  CVC	
  	
  
(n=16)	
  

SS	
   katápa	
  	
  takápa	
  	
  patáka	
   ákata	
  	
  átaka	
  	
  ípata	
  	
  átapa	
  

SN/NS	
   kanápa	
   ákanu	
  	
  únaka	
  

SL/LS	
   paláka	
  	
  kalápa	
   ákalu	
  	
  ípala	
  	
  álaka	
  	
  álapa	
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palaka	
  
kalapa	
  
kanapa	
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pataka	
  
takapa	
  

Vowel	
  perceived	
  in	
  non-­‐na(ve	
  CC	
  
•  Epenthe@c	
  vowels	
  are	
  frequently	
  transcribed	
  (62%).	
  
•  Medial	
  /nk/	
  shows	
  significantly	
  less	
  vowel	
  epenthesis	
  than	
  

other	
  CCs	
  [F(1,1468)	
  =	
  152.6,	
  p	
  <	
  0.001],	
  presumably	
  
because	
  heterosyllabic	
  /nk/	
  is	
  licit	
  in	
  Mandarin	
  
phonotac@cs.	
  	
  

Stop	
  C1	
  dele(on	
  	
  	
  
	
  

•  C1	
  stop	
  is	
  deleted	
  more	
  oven	
  in	
  ini@al	
  posi@ons	
  than	
  in	
  
medial	
  posi@ons	
  [F(1,1101)	
  =	
  92.03,	
  p	
  <	
  0.001].	
  

•  C2	
  stop	
  is	
  rarely	
  deleted.	
  	
  

C1	
  place	
  change	
  
	
  

•  C1	
  /p/	
  ➙	
  <k>	
  or	
  <t>,	
  with	
  an	
  epenthe(c	
  vowel	
  both	
  
word-­‐ini@ally	
  and	
  word-­‐medially:	
  /ptaka/➙<tedake>	
  

•  C1	
  /n/	
  is	
  oven	
  transcribed	
  as	
  <ng>	
  /ŋ/:	
  /unka/➙<yingke>	
  
	
  
	
  
	
  
	
  

/l/:	
  dark	
  liquid	
  [ɫ]	
  in	
  the	
  s(muli	
  
	
  

•  C1	
  /l/	
  changes	
  into	
  <o,	
  u>:	
  /alpa/➙<aopu>	
  	
  	
  
•  C2	
  /l/	
  changes	
  into	
  <w>	
  in	
  ini@al	
  /kl-­‐,	
  pl-­‐/	
  with	
  an	
  

epenthe(c	
  vowel:	
  	
  /klapa/➙<kewapu>	
  
•  But	
  C2	
  /l/	
  deletes	
  in	
  medial	
  /-­‐kl-­‐/:	
  /aklu/➙	
  <aku>	
  
•  Most	
  of	
  “others”	
  in	
  /ipla/	
  are	
  <ipo>,	
  <ipu>	
  
	
  
	
  
	
  

Metathesis	
  +	
  epenthesis	
  in	
  SS	
  sequences	
  
•  Most	
  common	
  in	
  medial	
  /tk/	
  sequence:	
  /atka/➙<akete>	
  ipala	
  

akalu	
  
akanu	
  
akata	
  
ipata	
  
ataka	
  
atapa	
  
unaka	
  
alaka	
  
alapa	
  

	
  

vowel	
  perceived	
  	
  	
  	
  	
  	
  	
  	
  	
  /akta/	
  ➙	
  <akete>	
  	
  	
  
	
  	
  	
  	
  with	
  C1	
  change	
  	
  	
  	
  	
  	
  	
  	
  /plaka/	
  ➙	
  <kelake>	
  	
  	
  
	
  	
  	
  	
  with	
  C2	
  change	
  	
  	
  	
  	
  	
  	
  	
  /klapa/	
  ➙	
  <kewapu>	
  
	
  	
  	
  	
  with	
  metathesis	
  	
  	
  	
  	
  	
  	
  /atka/	
  ➙	
  <akete>	
  
consonant	
  dele(on	
  	
  	
  	
  /aklu/	
  ➙	
  <aku>	
  
consonant	
  change	
  	
  	
  	
  	
  	
  /alka/	
  ➙	
  <aoke>	
  
CC	
  sequence	
  correctly	
  transcribed	
  
others:	
  mul@ple	
  changes,	
  paxern	
  unrecognizable	
  
CC	
  sequence	
  licit	
  in	
  Mandarin	
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2016	
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  Honolulu	
  	
  

Phonotac(cs	
   Prosody	
  

Par@cipants’	
  	
  
na@ve	
  language:	
  	
  
Mandarin	
  

•  No	
  onset	
  clusters	
  
•  Sequence	
  allowed:	
  

C(G),	
  N.C	
  

Lexical	
  	
  
tones	
  

S@mulus	
  language:	
  
Russian	
  	
  

•  Various	
  clusters	
  	
  
allowed	
  in	
  onset	
  

Dynamic	
  	
  
stress	
  

Hypotheses	
  

0%	
   20%	
   40%	
   60%	
   80%	
   100%	
  

ipla	
  
aklu	
  
aknu	
  
akta	
  
ipta	
  
atka	
  
atpa	
  
unka	
  
alka	
  
alpa	
  

Ini(al/	
  
pre-­‐stress	
  
CVC	
  
	
  
CVC	
  controls	
  	
  
mostly	
  	
  
transcribed	
  	
  
with	
  a	
  vowel	
  	
  	
  
	
  
Medial/	
  
post-­‐stress	
  
CVC	
  

Different	
  V	
  in	
  different	
  C1	
  contexts	
  	
  

	
  	
  	
  	
  	
  High	
  	
  	
  Rising	
  	
  Low	
  	
  	
  Falling	
  

CC	
  targets	
  (illusory	
  V)	
   	
  	
  	
  	
  	
  	
  CVC	
  controls	
  (actual	
  V)	
  

	
  	
  	
  	
  	
  High	
  	
  	
  Rising	
  	
  Low	
  	
  	
  Falling	
  

Pre-­‐stress/ini(al	
   Post-­‐stress/medial	
  

	
  	
  	
  	
  	
  High	
  	
  	
  Rising	
  	
  Low	
  	
  	
  Falling	
  

Only	
  for	
  pre-­‐stress	
  illusory	
  V	
  

Only	
  8	
  par@cipants	
  (out	
  of	
  24)	
   	
   	
  Examples	
  of	
  transcrip@on	
  (Pinyin	
  with	
  tones)	
  	
  	
  
were	
  able	
  to	
  transcribe	
  tones	
  in	
  Pinyin.	
  	
  
•  Pinyin	
  transcrip@on	
  rarely	
  includes	
  tones,	
  

although	
  it	
  is	
  used	
  frequently.	
  
	
  

S@muli	
   Pinyin	
   Tones	
  

	
  	
  	
  	
  ktapa	
  	
  	
  	
  	
  	
  ➔	
   <kědábù>	
   Low-­‐Rising-­‐Falling	
  

	
  	
  	
  	
  	
  katapa	
   ➔	
   <gǎdāpù>	
   Low-­‐High-­‐Falling	
  

•  High:	
  SL/SN	
  <	
  SS	
  [𝛽	
  =	
  2.77,	
  p	
  =	
  0.015]	
  	
  
•  Consonant	
  makeup	
  does	
  not	
  

significantly	
  influence	
  the	
  occurrence	
  
of	
  Rising/Low/Falling	
  tones.	
  

SL 	
  SN 	
  SS	
  

Na@ve-­‐ness	
  of	
  CC	
  sequences:	
  	
  	
  
	
  	
  	
  	
  word-­‐medial	
  /nk/	
  

	
  	
  	
  	
  Co-­‐occurrence	
  restric@on	
  *[pɤ]	
  
influences	
  percep@on	
  of	
  the	
  
epenthe@c	
  vowel	
  or	
  C1	
  place	
  

Phonological	
  
knowledge	
  

Dark	
  /l/	
  [ɫ]	
  in	
  Russian	
  is	
  
	
  	
  	
  	
  transcribed	
  as	
  <o,	
  u,	
  w>.	
  

	
  	
  	
  	
  Word-­‐ini@al	
  C1	
  stop,	
  lacking	
  
formant	
  transi@ons,	
  deletes.	
  

Phone@c	
  
proper@es	
  

Prosodic	
  adapta(on	
  

Word-­‐ini(al,	
  pre-­‐stress	
  	
  
	
  
	
  
	
  
	
  
	
  
	
  

/ktápa/	
  
	
  
	
  
	
  
	
  
	
  
	
  

/knápa/	
  

Word-­‐medial,	
  post-­‐stress	
  
	
  
	
  
	
  
	
  
	
  
	
  

/ákta/	
  
	
  
	
  
	
  
	
  
	
  
	
  

/áknu/	
  

Pi
tc
h	
  
(H
z)
	
  

Pi
tc
h	
  
(H
z)
	
  

Pre-­‐stress	
   Post-­‐stress	
  	
  

SS	
   SL/SN	
  

f0	
  paxern	
  	
  
in	
  s@muli	
  
	
  

low	
  f0,	
  rising	
  toward	
  the	
  peak	
   falling	
  f0	
  	
  
contour	
  no	
  f0	
  during	
  C2	
  	
  

stop	
  
f0	
  contour	
  starts	
  	
  
during	
  C2	
  liquid/nasal	
  

/CCá/	
  f0	
  range	
   288~384	
  Hz	
  (m=97)	
   259~420	
  Hz	
  (m=161)	
   N/A	
  

Illusory	
  tones	
   High	
  	
   Low	
   Falling	
  

Percep@on	
  of	
  illusory	
  
tones	
  accompanies	
  
percep@on	
  of	
  illusory	
  
vowels.	
  

Illusory	
  tone	
  percep@on	
  
is	
  influenced	
  by	
  the	
  
input	
  f0	
  paxerns.	
  
•  Pre-­‐stress	
  vs.	
  	
  
Post-­‐stress	
  

•  SS	
  vs.	
  SL/SN	
  


