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Summary
0Use	
  a	
  bayesian	
  model	
  to	
  illustrate	
  how	
  feedback	
  from	
  
segmented	
  words	
  might	
  constrain	
  phonetic	
  category	
  
learning	
  by	
  providing	
  information	
  about	
  which	
  sounds	
  
occur	
  together	
  in	
  words.	
  	
  

0Simulations	
  demonstrate	
  that	
  word-­‐level	
  information	
  
can	
  successfully	
  disambiguate	
  overlapping	
  English	
  
vowel	
  categories.	
  	
  

0Provide	
  a	
  framework	
  for	
  incorporating	
  top-­‐down	
  
constraints	
  into	
  models	
  of	
  category	
  learning.	
  



Statistical	
  learning	
  theories
0Infants	
  acquire	
  each	
  layer	
  of	
  structure	
  by	
  observing	
  
statistical	
  dependencies	
  in	
  their	
  input.	
  	
  

0Infants	
  show	
  robust	
  sensitivity	
  to	
  statistical	
  patterns.	
  



Statistical	
  learning
0Statistical	
  learning	
  is	
  a	
  domain	
  general	
  strategy	
  for	
  
discovering	
  structure	
  in	
  the	
  world.	
  	
  

0Distributional	
  learning	
  has	
  been	
  proposed	
  as	
  a	
  
statistical	
  learning	
  mechanism	
  for	
  phonetic	
  category	
  
acquisition.	
  	
  

0Most	
  effective	
  when	
  the	
  categories	
  have	
  very	
  little	
  overlap.	
  



Distributional	
  Learning
0Overcome	
  the	
  overlapping	
  categories	
  problem	
  by	
  
using	
  feedback	
  from	
  higher	
  levels	
  of	
  structure	
  to	
  
constrain	
  category	
  acquisition.	
  	
  
0 Specifically	
  use	
  a	
  developing	
  lexicon	
  for	
  feedback	
  

0Focus	
  on	
  developing	
  linguistic	
  categories	
  (specifically	
  
modeling	
  linguistic	
  categories)



0First	
  we	
  introduce	
  the	
  idea	
  of	
  modeling	
  category	
  
learning	
  as	
  density	
  estimation	
  and	
  show	
  how	
  
distributional	
  learning	
  can	
  be	
  viewed	
  in	
  this	
  
framework.	
  	
  

0Then	
  we	
  show	
  that	
  distributional	
  learning	
  can	
  be	
  
challenging	
  when	
  categories	
  have	
  a	
  high	
  degree	
  of	
  
overlap	
  

0Conclude	
  by	
  showing	
  that	
  qualitative	
  behavior	
  of	
  our	
  
lexical-­‐distributional	
  model	
  mirrors	
  patterns	
  from	
  
experiments	
  on	
  sound	
  category	
  learning,	
  suggesting	
  
that	
  people	
  behave	
  as	
  interactive	
  learners



Distributional	
  Learning
0What	
  is	
  it?	
  	
  
0Density	
  estimation:	
  learning	
  a	
  category	
  requires	
  
estimating	
  a	
  probability	
  distribution	
  over	
  the	
  items	
  that	
  
belong	
  to	
  the	
  category.	
  	
  

0Categorization	
  becomes	
  probablisitic	
  inference.	
  	
  
0Linguistic	
  Example:	
  
0Phonetic	
  category	
  acquisition



Computational	
  models	
  that	
  have	
  been	
  used	
  to	
  
investigate	
  the	
  utility	
  of	
  distributional	
  learning	
  

for	
  phonetic	
  category	
  acquisition

0Gaussian	
  mixture	
  model:	
  
0Mixture	
  models	
  assume	
  that	
  there	
  are	
  several	
  categories	
  
and	
  that	
  each	
  of	
  the	
  observed	
  data	
  points	
  was	
  generated	
  
from	
  one	
  of	
  these	
  categories.	
  



Mixture	
  Model

0Inferring	
  a	
  probability	
  distribution	
  p(x|c)	
  when	
  zi	
  is	
  
known	
  
0The	
  learner	
  knows	
  which	
  stimuli	
  belong	
  to	
  the	
  category



Mixture	
  Model

0Inferring	
  zi	
  when	
  the	
  probability	
  distribution	
  p(x|c)	
  
and	
  frequency	
  p(c)	
  is	
  known



Problem
0However,	
  language	
  learners	
  acquiring	
  phonetic	
  
categories	
  do	
  not	
  have	
  either	
  of	
  these	
  values.	
  	
  

0Solution?	
  	
  
0Expectation	
  maximization:	
  provides	
  a	
  principled	
  solution	
  
to	
  these	
  types	
  of	
  problems	
  by	
  searching	
  for	
  the	
  
parameters	
  and	
  category	
  labels	
  that	
  maximize	
  the	
  
probability	
  of	
  the	
  data



Inferring	
  the	
  Number	
  of	
  
Categories

02	
  options:	
  
0 Gradient	
  descent	
  model	
  (McMurray	
  et	
  al	
  (2009)	
  and	
  Vallabha	
  
et	
  al	
  (2007)):	
  prune	
  excess	
  phonetic	
  categories	
  that	
  are	
  not	
  
needed	
  
0Focus	
  on	
  a	
  voicing	
  contrast	
  in	
  consonants	
  (McMurray)	
  and	
  vowels	
  
(Vallabha)	
  

0Drawback:	
  the	
  model	
  cannot	
  find	
  a	
  set	
  of	
  globally	
  optimal	
  category	
  
parameters,	
  only	
  converges	
  to	
  a	
  locally	
  optimal	
  solution	
  

0 Dirichlet	
  process	
  (Ferguson	
  1973):	
  infinite	
  mixture	
  models	
  	
  
0Uses	
  Gibbs	
  sampling	
  algorithm	
  	
  
0Allows	
  for	
  a	
  direct	
  comparison	
  between	
  the	
  distributional	
  and	
  
lexical-­‐distributional	
  learning	
  strategies.	
  



Simulation	
  1:	
  The	
  Problem	
  of	
  
Overlapping	
  Categories

0Two	
  sounds	
  might	
  be	
  
assigned	
  to	
  the	
  same	
  
category	
  for	
  a	
  
distributional	
  learner	
  if	
  
they	
  are	
  too	
  similar	
  

0To	
  explore	
  this	
  
challenge,	
  we	
  test	
  the	
  
ability	
  of	
  distributional	
  
learning	
  models	
  to	
  
recover	
  the	
  vowel	
  
categories



Simulation	
  1:	
  The	
  Problem	
  of	
  
Overlapping	
  Categories

0A	
  successful	
  model	
  is	
  based	
  on	
  	
  
0 its	
  ability	
  to	
  recover	
  the	
  correct	
  number	
  of	
  categories	
  	
  
0 Its	
  ability	
  to	
  identify	
  which	
  sounds	
  from	
  the	
  corpus	
  are	
  in	
  
each	
  category



Simulation	
  1:	
  The	
  Problem	
  of	
  
Overlapping	
  Categories



Incorporating	
  Lexical	
  
Constraints

0Infants	
  use	
  their	
  sensitivity	
  to	
  transitional	
  
probabilities	
  to	
  begin	
  learning	
  potential	
  word	
  forms	
  
from	
  their	
  developing	
  lexicon	
  

0Interaction	
  between	
  sound	
  and	
  word	
  learning	
  is	
  not	
  
present	
  in	
  distributional	
  learning	
  theories.	
  	
  

0Words=	
  acoustic	
  tokens	
  in	
  the	
  corpus	
  
0Lexical	
  items=	
  categories	
  that	
  represent	
  groupings	
  of	
  
acoustic	
  tokens	
  
0Words	
  are	
  categorized	
  into	
  lexical	
  items



The	
  new	
  Lexical-­‐Distributional	
  
Model

0Distributional	
  model’s	
  hypotheses	
  consist	
  of	
  sets	
  of	
  
phonetic	
  categories	
  

0Lexical	
  distributional	
  model’s	
  hypotheses	
  are	
  
combinations	
  of	
  sets	
  of	
  phonetic	
  categories	
  and	
  sets	
  of	
  
lexical	
  items	
  
0Learners	
  optimize	
  lexicon	
  to	
  best	
  explain	
  the	
  word	
  
tokens	
  in	
  the	
  corpus



Simulation	
  2-­‐4
0Simulation	
  2:	
  illustrates	
  the	
  model’s	
  basic	
  behavior	
  	
  
0Lexical	
  items	
  only	
  consists	
  of	
  vowels	
  

0Simulation	
  3:	
  tests	
  performance	
  on	
  a	
  lexicon	
  of	
  English	
  
words	
  from	
  child-­‐directed	
  speech	
  

0Simulation	
  4:	
  Speaker	
  variability	
  is	
  reduced



Simulation	
  2:	
  Lexical-­‐
Distributional	
  Learning	
  
of	
  English	
  Vowels



Simulation	
  3:	
  Information	
  
Contained	
  in	
  the	
  English	
  Lexicon



Simulation	
  3:	
  Information	
  
Contained	
  in	
  the	
  English	
  Lexicon



Simulation	
  4:	
  
Reduced	
  Speaker	
  

Variability	
  



General	
  Discussion


