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Overview	
  

•  For	
  some	
  languages,	
  unclear	
  whether	
  stress	
  is	
  
predominantly	
  regular	
  or	
  predominantly	
  
lexical	
  

•  ComputaConal	
  model	
  to	
  predict	
  regular	
  vs.	
  
lexical	
  stress:	
  fooCng	
  and	
  role	
  of	
  Faithfulness	
  
learned	
  in	
  parallel	
  

•  Model	
  tested	
  on	
  constructed	
  languages:	
  
spectrum	
  from	
  fully	
  regular	
  to	
  fully	
  lexical	
  
stress	
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Regular	
  vs.	
  lexical	
  stress	
  

•  regular	
  (Markedness-­‐governed)	
  stress	
  
– Non-­‐Finality	
  >>	
  Rightmost	
  >>	
  Ident-­‐Stress	
  
/ˈpataka/	
  →	
  [paˈtaka]	
  
/badaˈga/	
  →	
  [baˈdaga]	
  
	
  

•  lexical	
  (Faithfulness-­‐governed)	
  stress:	
  
–  Ident-­‐Stress	
  >>	
  Non-­‐Finality,	
  Rightmost	
  
/ˈpataka/	
  →	
  [ˈpataka]	
  
/badaˈga/	
  →	
  [badaˈga]	
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Regular	
  vs.	
  lexical	
  stress	
  

•  For	
  some	
  languages:	
  unclear	
  whether	
  some	
  
part	
  of	
  the	
  stress	
  system	
  is	
  regular	
  or	
  lexical	
  
– quanCty-­‐sensiCve	
  (QS)	
  regular	
  stress	
  confusable	
  
with	
  lexical	
  stress	
  
	
  

•  E.g.,	
  West	
  Germanic	
  (English,	
  German,	
  Dutch;	
  
Domahs	
  et	
  al.	
  2014):	
  debate	
  on	
  contribuCon	
  of	
  
quanCty-­‐sensiCvity	
  vs.	
  lexical	
  stress	
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Regular	
  vs.	
  lexical	
  stress	
  

•  West	
  Germanic	
  stress	
  (Domahs	
  et	
  al.	
  2014	
  and	
  work	
  
cited	
  there):	
  
– ParCally	
  word-­‐specific,	
  parCally	
  predictable	
  
– Controversy:	
  is	
  there	
  a	
  QS	
  default	
  stress	
  
rule?	
  	
  
	
  
(e.g.	
  English:	
  Kager	
  1989	
  vs.	
  Booij	
  &	
  Rubach	
  1992;	
  
Dutch:	
  van	
  der	
  Hulst	
  1984	
  vs.	
  van	
  Oostendorp	
  
2012;	
  
German:	
  Giegerich	
  1985	
  vs.	
  Wiese	
  1996/2000)	
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Regular	
  vs.	
  lexical	
  stress	
  

•  West	
  Germanic	
  stress	
  (Domahs	
  et	
  al.	
  2014	
  and	
  work	
  
cited	
  there):	
  
– ParCally	
  word-­‐specific,	
  parCally	
  predictable	
  
– Controversy:	
  is	
  there	
  a	
  QS	
  default	
  stress	
  
rule?	
  

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Dutch	
  
	
  	
  	
  	
  	
  	
  	
  	
  QS	
  default	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  QI	
  default	
  
/ˈkimono/	
  	
  [ˈki.mo.no]	
  	
  	
  	
   	
  /ˈkimono/	
  	
  	
  [ˈki.mo.no]	
  	
  	
  
/kasino/	
  	
  	
  	
  	
  	
  [ka.ˈsi.no]	
  	
  	
  OR	
  	
  /kasino/	
  	
  	
  	
  	
  	
  	
  [ka.ˈsi.no]	
  
/vanitɑs/	
  	
  	
  	
  [ˈva.ni.tɑs]	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  /ˈvanitɑs/	
  	
  	
  [ˈva.ni.tɑs]	
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Regular	
  vs.	
  lexical	
  stress	
  

•  West	
  Germanic	
  stress	
  (Domahs	
  et	
  al.	
  2014	
  and	
  work	
  
cited	
  there):	
  
– ParCally	
  word-­‐specific,	
  parCally	
  predictable	
  
– Controversy:	
  is	
  there	
  a	
  QS	
  default	
  stress	
  
rule?	
  
• No	
  QS	
  grammar	
  will	
  account	
  for	
  every	
  word	
  
• But:	
  tendencies	
  towards	
  quanCty-­‐sensiCvity	
  
should	
  be	
  explained	
  (e.g.,	
  Chomsky	
  &	
  Halle	
  
1968)	
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Regular	
  vs.	
  lexical	
  stress	
  

•  QS	
  vs.	
  lexical	
  stress	
  debate	
  instanCates	
  
fundamental	
  problem	
  in	
  phonology:	
  
– How	
  much	
  of	
  the	
  variance	
  in	
  the	
  data	
  comes	
  from	
  
the	
  grammar,	
  how	
  much	
  from	
  the	
  lexicon?	
  
(Chomsky	
  &	
  Halle	
  1968,	
  McCarthy	
  1981)	
  

– Similar	
  to	
  invesCgaCon	
  by	
  Albright	
  &	
  Hayes	
  (2003)	
  
and	
  others:	
  to	
  which	
  extent	
  does	
  irregular	
  past	
  
tense	
  depend	
  on	
  rules	
  vs.	
  the	
  lexicon?	
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Learning	
  simulaCons	
  

•  One	
  way	
  of	
  comparing	
  alternaCve	
  grammar	
  
hypotheses:	
  learning	
  simulaCons	
  
– Given	
  Dutch	
  data,	
  will	
  a	
  learner	
  represent	
  
quanCty-­‐sensiCvity	
  in	
  the	
  grammar?	
  
	
  

•  In	
  this	
  way,	
  learning	
  simulaCons	
  are	
  like	
  an	
  
EvaluaCon	
  Metric	
  (Chomsky	
  &	
  Halle	
  1968,	
  
McCarthy	
  1981)	
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Learning	
  simulaCons	
  

•  More	
  direct	
  way	
  to	
  test	
  grammar	
  hypotheses:	
  
behavioral	
  experiments?	
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Learning	
  simulaCons	
  

•  More	
  direct	
  way	
  to	
  test	
  grammar	
  hypotheses:	
  
behavioral	
  experiments?	
  
– Domahs	
  et	
  al.	
  (2014):	
  speakers	
  read	
  nonce	
  words	
  
with	
  Heavy	
  (closed)	
  syllables	
  in	
  various	
  posiCons	
  

– Asked	
  to	
  produce	
  these	
  words,	
  stress	
  pa=ern	
  
recorded	
  

– Result:	
  weight	
  of	
  penult	
  and	
  final	
  syllables	
  is	
  
significant	
  predictor	
  of	
  stress	
  pa=ern	
  for	
  English,	
  
German,	
  and	
  Dutch	
  speakers	
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Learning	
  simulaCons	
  

•  However,	
  behavioral	
  experiments	
  and	
  
learning	
  simulaCons	
  complement	
  each	
  other	
  
– StochasCcally	
  based	
  (e.g.,	
  Maximum	
  Entropy)	
  
grammar	
  obtained	
  from	
  learning:	
  more	
  precise	
  
hypotheses	
  and	
  behavioral	
  predicCons	
  than	
  
tradiConal	
  analysis	
  
	
  

– Experiments	
  provide	
  more	
  precise	
  data	
  for	
  the	
  
learning	
  model	
  to	
  match	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (Hayes	
  &	
  Wilson	
  2008)	
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The	
  model	
  

•  Standard	
  hypothesis	
  in	
  OT:	
  
– Faithfulness	
  competes	
  with	
  Markedness	
  at	
  the	
  
earliest	
  stages	
  (see	
  also	
  Hayes	
  2004,	
  Prince	
  &	
  
Tesar	
  2004)	
  
	
  

•  Thus:	
  by	
  default,	
  Ident-­‐Stress	
  and	
  
phonological	
  constraints	
  on	
  stress	
  placement	
  
should	
  compete	
  in	
  learning	
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The	
  model	
  

•  Work	
  on	
  learning	
  hidden	
  foot	
  structure	
  (Tesar	
  
&	
  Smolensky	
  2000,	
  Pater	
  &	
  Boersma	
  2008,	
  Jarosz	
  
2013):	
  no	
  Ident-­‐Stress	
  constraint	
  
	
  
– Possibility	
  of	
  lexical	
  stress	
  introduces	
  ambiguity:	
  
– For	
  any	
  observed	
  stress	
  pa=ern:	
  does	
  this	
  pa=ern	
  
follow	
  from	
  general	
  constraints	
  on	
  fooCng,	
  or	
  
from	
  Faithfulness?	
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The	
  model	
  

•  I	
  will	
  show:	
  	
  
	
  
– CompeCCon	
  between	
  hidden	
  (foot)	
  structure	
  and	
  
Faithfulness	
  in	
  learning	
  allows	
  excepCons	
  to	
  stress	
  
pa=erns	
  to	
  shape	
  the	
  grammar	
  of	
  stress	
  
	
  

– Type	
  of	
  excepCons	
  ma=ers	
  for	
  final	
  product	
  of	
  
learning	
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The	
  model	
  

•  Model	
  illustrated	
  on	
  the	
  basis	
  of	
  constructed	
  
languages	
  
	
  
– Languages	
  have	
  QS	
  stress	
  pa=ern	
  with	
  various	
  
pa=erns	
  of	
  excepCons	
  
	
  

– Some	
  languages	
  learned	
  as	
  QS	
  grammars,	
  some	
  as	
  
quanCty-­‐insensiCve	
  (QI)	
  grammars	
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Languages	
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Constructed	
  languages	
  

•  West	
  Germanic	
  data	
  quite	
  complex:	
  
– several	
  types	
  of	
  irregularity	
  which	
  are	
  pa=erns	
  in	
  
themselves	
  (e.g.,	
  see	
  Nouveau	
  1994,	
  van	
  
Oostendorp	
  1997	
  for	
  Dutch)	
  
	
  

•  Therefore:	
  simple	
  constructed	
  languages	
  to	
  
narrow	
  down	
  the	
  problem	
  to	
  the	
  core	
  
– Given	
  various	
  kinds	
  of	
  excepCons	
  to	
  a	
  QS	
  pa=ern,	
  
will	
  quanCty-­‐sensiCvity	
  sCll	
  be	
  in	
  the	
  grammar?	
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Constructed	
  languages	
  

•  Series	
  of	
  16	
  constructed	
  languages	
  
	
  
– One	
  language	
  with	
  LaCn	
  QS	
  stress	
  
– One	
  language	
  with	
  unpredictable	
  stress	
  
– 14	
  languages	
  with	
  default	
  LaCn	
  QS	
  stress,	
  
but	
  lexical	
  excepCons	
  present	
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Constructed	
  languages	
  

•  The	
  8	
  words	
  in	
  each	
  
language:	
  
	
  
paa.paa.paa	
  
paa.paa.ta	
  
paa.ta.paa	
  
paa.ta.ta	
  
	
  
All	
  possible	
  3	
  syllable	
  

The	
  8	
  words	
  in	
  each	
  
language:	
  
	
  
ta.paa.paa	
  
ta.paa.ta	
  
ta.ta.paa	
  
ta.ta.ta	
  
	
  
	
  words	
  with	
  [ta],	
  [paa]	
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Constructed	
  languages	
  

•  The	
  LaCn	
  stress	
  
language:	
  
	
  
paa.(ˈpaa).paa	
  
paa.(ˈpaa).ta	
  
(ˈpaa).ta.paa	
  
(ˈpaa).ta.ta	
  
	
  

The	
  8	
  words	
  in	
  each	
  
language:	
  
	
  
ta.(ˈpaa).paa	
  
ta.(ˈpaa).ta	
  
(ˈta.ta).paa	
  
(ˈta.ta).ta	
  
	
  
	
  Penult	
  stress	
  iff	
  penul<mate	
  syllable	
  is	
  heavy	
  

([paa]);	
  else	
  antepenult	
  stress.	
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Constructed	
  languages	
  

•  The	
  lexical	
  stress	
  
language:	
  
	
  
paa.(ˈpaa).paa	
  
(ˈpaa).paa.ta	
  
paa.(ˈta.paa)	
  
(ˈpaa).ta.ta	
  
	
  

The	
  8	
  words	
  in	
  each	
  
language:	
  
	
  
(ˈta.paa).paa	
  
ta.(ˈpaa).ta	
  
(ˈta.ta).paa	
  
ta.(ˈta.ta)	
  
	
  
	
  (No	
  natural	
  stress	
  rule	
  that	
  applies	
  here.)	
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Constructed	
  languages	
  

•  Intermediate	
  languages:	
  
–  Introduce	
  1-­‐3	
  excepConal	
  forms	
  into	
  LaCn	
  stress	
  
language	
  

– 4	
  invariant	
  forms	
  across	
  all	
  languages	
  
	
  

•  These	
  intermediate	
  languages	
  are	
  of	
  interest:	
  	
  
– What	
  will	
  be	
  the	
  role	
  of	
  quanCty-­‐sensiCve	
  regular	
  
stress	
  and	
  lexical	
  stress	
  in	
  the	
  grammar	
  learned	
  
for	
  each	
  of	
  these	
  languages?	
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  Constructed	
  languages	
  
Invariant	
  forms:	
  	
  	
  	
  	
  Variable	
  forms:	
  
	
  
	
  
paa.ˈpaa.paa	
  
	
  
ˈpaa.ta.ta	
  
	
  
ta.ˈpaa.ta	
  
	
  
ˈta.ta.paa	
  

  Latin 
ˈpaa.ta.paa&

Irregular 
paa.ˈta.paa&

  Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
paa.ˈpaa.ta&

Latin 
ta.ˈpaa.paa&
&

Latin 
stress 

1 exc. 1 exc. 2 exc. 

Irregular 
ˈta.paa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈpaa.paa.ta&

Latin 
ta.ˈpaa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈta.paa.paa&

2 exc. 3 exc. 3 exc. Lexical 
stress 
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Learning	
  model	
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Learning	
  constructed	
  languages	
  

•  Grammar	
  framework:	
  Maximum	
  Entropy	
  
(Goldwater	
  &	
  Johnson	
  2003,	
  Hayes	
  &	
  Wilson	
  2008)	
  
– Constraints	
  have	
  weights	
  rather	
  than	
  ranks	
  
– Every	
  input	
  yields	
  staCsCcal	
  distribuCon	
  over	
  
outputs	
  (beneficial	
  for	
  learning)	
  
	
  

•  Learning:	
  constraint	
  weights	
  opCmized	
  
for	
  all	
  observed	
  input	
  →	
  output	
  mappings	
  at	
  
once	
  
(sopware:	
  Staubs’	
  2011	
  Solver)	
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Learning	
  constructed	
  languages	
  

•  Inputs	
  are	
  idenCcal	
  to	
  winning	
  outputs	
  (cf.	
  Tesar	
  et	
  
al.	
  2003,	
  Prince	
  &	
  Tesar	
  2004,	
  Tesar	
  2006,	
  Tesar	
  2013)	
  
	
  
–  LaCn	
  stress	
  language:	
  
correct	
  form	
  is	
  [paaˈpaata]	
  –	
  input	
  is	
  /paaˈpaata/	
  

–  Lexical	
  stress	
  language:	
  	
  
correct	
  form	
  is	
  [ˈpaapaata]	
  –	
  input	
  is	
  /ˈpaapaata/	
  
	
  

•  Markedness-­‐over-­‐Faithfulness	
  bias	
  (Smolensky	
  
1996,	
  Staubs	
  2011,	
  Pater	
  et	
  al.	
  2012)	
  keeps	
  
Faithfulness	
  from	
  taking	
  over	
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Learning	
  constructed	
  languages	
  

•  For	
  each	
  input	
  →	
  output	
  mapping	
  I	
  consider	
  
hidden	
  structure	
  (Tesar	
  &	
  Smolensky	
  2000	
  and	
  
subsequent	
  work):	
  
– Every	
  possible	
  assignment	
  of	
  Heavy/Light	
  to	
  the	
  
output’s	
  syllables	
  

– Every	
  possible	
  fooCng	
  of	
  the	
  output	
  
	
  
(see	
  documentaCon	
  for	
  Staubs	
  2011;	
  Pater	
  et	
  al.	
  2012	
  for	
  
math	
  and	
  implementaCon)	
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Learning	
  constructed	
  languages	
  

•  Constraints	
  from	
  Prince	
  &	
  Smolensky’s	
  
(1993/2004)	
  analysis	
  of	
  LaCn	
  stress:	
  
– Edgemost(L),	
  Edgemost(R)	
  
– Foot-­‐Binarity	
  
– Non-­‐Finality	
  
– FootForm	
  =	
  Trochee,	
  FootForm	
  =	
  Iamb	
  
– Weight-­‐to-­‐Stress	
  Principle	
  (WSP)	
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Learning	
  constructed	
  languages	
  

•  AddiConal	
  constraints:	
  
– Ident-­‐Stress	
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Learning	
  constructed	
  languages	
  

•  AddiConal	
  constraints:	
  
– Ident-­‐Stress	
  
– [paa]=Heavy:	
  every	
  syllable	
  [paa]	
  must	
  be	
  
assigned	
  Heavy	
  
– [ta]=Heavy:	
  every	
  syllable	
  [ta]	
  must	
  be	
  
assigned	
  Heavy	
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Learning	
  constructed	
  languages	
  

•  AddiConal	
  constraints:	
  
– Ident-­‐Stress	
  
– [paa]=Heavy:	
  every	
  syllable	
  [paa]	
  must	
  be	
  
assigned	
  Heavy	
  
– [ta]=Heavy:	
  every	
  syllable	
  [ta]	
  must	
  be	
  
assigned	
  Heavy	
  
– *Heavy	
  :	
  no	
  syllable	
  is	
  assigned	
  Heavy	
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Learning	
  constructed	
  languages	
  

•  Result	
  of	
  learning:	
  Maximum	
  Entropy	
  
grammar	
  with	
  a	
  weight	
  for	
  every	
  constraint	
  

•  Can	
  be	
  evaluated	
  by	
  “wug-­‐tesCng”	
  (Berko	
  1958)	
  
– How	
  does	
  the	
  grammar	
  respond	
  to	
  inputs	
  not	
  
seen	
  before?	
  
• What	
  is	
  the	
  “intension”	
  of	
  the	
  grammar?	
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Learning	
  constructed	
  languages	
  
Constraint	
   Weight	
  
Edgemost(L)	
   0.8319753	
  	
  
Edgemost(R)	
   25.7394494	
  	
  
Foot-­‐Binarity	
   33.7328701	
  	
  
Non-­‐Finality	
   40.1276016	
  	
  
FtForm	
  =	
  Trochee	
   36.8921376	
  	
  
FtForm	
  =	
  Iamb	
   0.0000000	
  	
  
Weigth-­‐to-­‐Stress	
  Principle	
   8.0688030	
  	
  
Ident-­‐Stress	
   0.0000000	
  	
  
[ta]	
  =	
  Heavy	
   16.5072300	
  	
  
[C]	
  =	
  Heavy	
   0.0000000	
  
*Heavy	
   33.1567912	
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Learning	
  constructed	
  languages	
  

•  Wug	
  test	
  for	
  grammars:	
  	
  
– Given	
  input	
  /abc/	
  not	
  previously	
  encountered	
  by	
  
learner,	
  

– Compute	
  output	
  that	
  wins	
  in	
  grammar	
  learned	
  for	
  
language	
  X	
  
	
  

•  Wug-­‐tesCng	
  shows	
  to	
  which	
  extent	
  the	
  
pa=erns	
  in	
  the	
  data	
  are	
  represented	
  in	
  the	
  
grammar	
  (as	
  opposed	
  to	
  the	
  lexicon)	
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Learning	
  constructed	
  languages	
  

•  The	
  wug	
  inputs:	
  
	
  
1.	
  underlying	
  final	
  stress	
  (never	
  observed	
  in	
  data)	
  
	
  
/paapaaˈpaa/	
  /paapaaˈta/	
  …	
  /tataˈta/	
  
	
  
2.	
  underlying	
  stress	
  that	
  contradicts	
  the	
  words	
  that	
  
have	
  invariant	
  stress	
  across	
  all	
  languages	
  
	
  
/ˈpaapaapaa/	
  /paaˈtata/	
  /ˈtapaata/	
  /taˈtapaa/	
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  Learning	
  constructed	
  languages	
  
Invariant	
  forms:	
  	
  	
  	
  	
  Variable	
  forms:	
  
	
  
	
  
paa.ˈpaa.paa	
  
	
  
ˈpaa.ta.ta	
  
	
  
ta.ˈpaa.ta	
  
	
  
ˈta.ta.paa	
  

  Latin 
ˈpaa.ta.paa&

Irregular 
paa.ˈta.paa&

  Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
paa.ˈpaa.ta&

Latin 
ta.ˈpaa.paa&
&

Latin 
stress 

1 exc. 1 exc. 2 exc. 

Irregular 
ˈta.paa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈpaa.paa.ta&

Latin 
ta.ˈpaa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈta.paa.paa&

2 exc. 3 exc. 3 exc. Lexical 
stress 
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Results	
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Results	
  

•  LaCn	
  stress	
  language	
  and	
  lexical	
  stress	
  
language	
  (@	
  regularizaCon	
  prior	
  variance	
  =	
  100,000	
  
&	
  Mark>Faith	
  =	
  0.035;	
  range	
  of	
  other	
  sezngs	
  
produces	
  similar	
  effects):	
  
– LaCn	
  stress	
  language:	
  wug-­‐tesCng	
  reveals	
  
no	
  effects	
  of	
  Faithfulness	
  
– Lexical	
  stress	
  language:	
  wug-­‐tesCng	
  reveals	
  
no	
  effects	
  of	
  quanCty-­‐sensiCvity	
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Results	
  

•  All	
  intermediate	
  languages	
  preserve	
  
underlying	
  stress,	
  but	
  only	
  in	
  non-­‐final	
  
posiCon	
  (wugs	
  with	
  underlying	
  final	
  stress	
  are	
  made	
  regular)	
  
– Some	
  wug-­‐tested	
  as	
  having	
  default	
  QS	
  
stress	
  (with	
  Faithfulness	
  effects	
  in	
  non-­‐final	
  
posiCon)	
  
– Some	
  wug-­‐tested	
  as	
  having	
  default	
  QI	
  
stress	
  (with	
  Faithfulness	
  effects	
  in	
  non-­‐final	
  
posiCon)	
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  Results	
  
Red:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  all	
  constraints	
  
QS	
  language	
  	
  	
  	
  	
  	
  	
  	
  start	
  out	
  at	
  w	
  =	
  10	
  
with	
  Faith	
  
effects	
  
	
  
Blue:	
  
QI	
  language	
  
with	
  Faith	
  
effects	
  
	
  
	
  

  Latin 
ˈpaa.ta.paa&

Irregular 
paa.ˈta.paa&

  Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
paa.ˈpaa.ta&

Latin 
ta.ˈpaa.paa&
&

Latin 
stress 

1 exc. 1 exc. 2 exc. 

Irregular 
ˈta.paa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈpaa.paa.ta&

Latin 
ta.ˈpaa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈta.paa.paa&

2 exc. 3 exc. 3 exc. Lexical 
stress 
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Results	
  

•  All	
  languages	
  with	
  1	
  excepCon	
  learned	
  as	
  
default	
  LaCn	
  (QS)	
  stress	
  and	
  Faith	
  effects	
  
	
  

•  Languages	
  with	
  2	
  and	
  3	
  excepCons	
  learned	
  
variably	
  as	
  default	
  QS	
  or	
  default	
  QI	
  stress,	
  
based	
  on	
  the	
  parCcular	
  pa=ern	
  of	
  excepCons	
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  Results	
  
  Latin 

ˈpaa.ta.paa&
Irregular 
paa.ˈta.paa&

  Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
ˈta.ta.ta&

Irregular 
ta.ˈta.ta&

Latin 
paa.ˈpaa.ta&

Latin 
ta.ˈpaa.paa&
&

Latin 
stress 

1 exc. 1 exc. 2 exc. 

Irregular 
ˈta.paa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈpaa.paa.ta&

Latin 
ta.ˈpaa.paa&
&

1 exc. 2 exc. 2 exc. 3 exc. 

Irregular 
ˈta.paa.paa&

2 exc. 3 exc. 3 exc. Lexical 
stress 

 

Invariant	
  forms:	
  	
  	
  	
  	
  Variable	
  forms:	
  
	
  
	
  
paa.ˈpaa.paa	
  
	
  
ˈpaa.ta.ta	
  
	
  
ta.ˈpaa.ta	
  
	
  
ˈta.ta.paa	
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Results	
  

•  Number	
  of	
  excepCons	
  not	
  all-­‐powerful	
  
•  However,	
  more	
  excepCons	
  in	
  input	
  language	
  
leads	
  to	
  greater	
  chance	
  of	
  quanCty-­‐sensiCvity	
  
not	
  being	
  learned	
  
	
  
– 1	
  excepCon:	
  0/4	
  grammars	
  are	
  QI	
  
– 2	
  excepCons:	
  3/6	
  grammars	
  are	
  QI	
  
– 3	
  excepCons:	
  3/4	
  grammars	
  are	
  QI	
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Results	
  

•  Thus,	
  my	
  model	
  predicts:	
  
– SophisCcated	
  (quanCty-­‐sensiCve)	
  default	
  pa=ern	
  
more	
  difficult	
  to	
  discover	
  as	
  number	
  of	
  excepCons	
  
increases	
  
	
  

– But	
  whether	
  default	
  pa=ern	
  is	
  part	
  of	
  grammar	
  
depends	
  on	
  the	
  parCcular	
  kind	
  of	
  excepCons	
  that	
  
contradict	
  it	
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Concluding	
  remarks	
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Concluding	
  remarks	
  

•  Problem:	
  how	
  to	
  assess	
  whether	
  a	
  stress	
  
pa=ern	
  is	
  regular	
  or	
  lexical	
  when	
  in	
  doubt?	
  
– Example:	
  West	
  Germanic	
  quanCty-­‐sensiCvity	
  –	
  
effect	
  of	
  Weight-­‐to-­‐Stress	
  or	
  Faithfulness?	
  
	
  

•  Modeled	
  by	
  constructed	
  languages:	
  
– QS	
  LaCn	
  stress	
  with	
  various	
  amounts	
  and	
  kinds	
  of	
  
excepCons	
  –	
  will	
  quanCty-­‐sensiCvity	
  sCll	
  be	
  
learned?	
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Concluding	
  remarks	
  

•  ComputaConal	
  approach	
  –	
  complements	
  
experimental	
  approach	
  
	
  

•  Proposal:	
  compeCCon	
  of	
  stress	
  constraints	
  
and	
  Faithfulness	
  in	
  learning	
  model	
  predicts	
  
regular	
  vs.	
  lexical	
  stress	
  
– This	
  compeCCon	
  follows	
  from	
  standard	
  
assumpCons	
  in	
  OT	
  and	
  learning	
  theory	
  (Hayes	
  
2004,	
  Prince	
  &	
  Smolensky	
  2004)	
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Concluding	
  remarks	
  

•  Results:	
  type	
  of	
  excepCons	
  predicts	
  type	
  of	
  
grammar	
  learned	
  
– More	
  excepCons	
  means	
  less	
  chance	
  of	
  QS	
  
grammar	
  
	
  

– But	
  whether	
  QS	
  grammar	
  is	
  picked	
  depends	
  on	
  
the	
  parCcular	
  kind	
  of	
  excepCons	
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Concluding	
  remarks	
  

•  For	
  future	
  research:	
  	
  
–  Scale	
  model	
  up	
  to	
  more	
  realisCc	
  data	
  (e.g.,	
  some	
  
simplified	
  form	
  of	
  West	
  Germanic	
  stress)	
  

– Make	
  the	
  connecCon	
  to	
  exisCng	
  experimental	
  results	
  
(e.g.,	
  Domahs	
  et	
  al.	
  2014)	
  
	
  

•  Another	
  issue:	
  
–  Strength	
  of	
  Markedness-­‐over-­‐Faithfulness	
  bias:	
  
parameter	
  without	
  clear	
  interpretaCon;	
  seek	
  
possibility	
  to	
  eliminate	
  it	
  (Jarosz	
  2006,	
  Wilson	
  2011)	
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Many	
  thanks	
  to:	
  

John	
  Kingston	
  
John	
  McCarthy	
  

Claire	
  Moore-­‐Cantwell	
  
Joe	
  Pater	
  

David	
  Smith	
  
Robert	
  Staubs	
  
KrisCne	
  Yu	
  

All	
  parCcipants	
  of	
  the	
  UMass	
  Sound	
  Seminar	
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Thank	
  you!	
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CompeCng	
  model	
  

•  CompeCng	
  model:	
  Yang	
  (2005,	
  2011)	
  
– If	
  pa=ern	
  (e.g.,	
  QuanCty	
  SensiCvity)	
  is	
  to	
  be	
  
represented	
  in	
  the	
  grammar:	
  	
  
• number	
  of	
  excepCons	
  to	
  pa=ern	
  cannot	
  exceed	
  
a	
  certain	
  threshold	
  (derived	
  from	
  Zipf’s	
  law)	
  
	
  

– Type	
  of	
  excepCons	
  does	
  not	
  ma=er	
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CompeCng	
  model	
  

•  Current	
  model:	
  	
  
– grounded	
  in	
  assumpCons	
  already	
  necessary	
  for	
  OT	
  
– while	
  Yang’s	
  model	
  requires	
  adopCng	
  extra	
  
assumpCons	
  on	
  top	
  of	
  those	
  necessary	
  for	
  OT	
  
	
  

•  My	
  model	
  is	
  more	
  sensiCve	
  to	
  the	
  data	
  (type	
  
of	
  excepCons	
  ma=ers),	
  while	
  requiring	
  fewer	
  
assumpCons	
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Hidden	
  structure	
  

•  Hidden	
  structure	
  for	
  one	
  input/output	
  mapping	
  
	
  	
  	
  input	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  output	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  hidden	
  structure	
  
/taˈtata/	
  [taˈtata]	
  L	
  L	
  L	
  	
  ta(ˈtata)	
  
/taˈtata/	
  [taˈtata]	
  L	
  L	
  L	
  	
  ta(ˈta)ta	
  
/taˈtata/	
  [taˈtata]	
  L	
  L	
  L	
  	
  (taˈta)ta	
  
/taˈtata/	
  [taˈtata]	
  L	
  L	
  H	
  	
  ta(ˈtata)	
  
…	
  
/taˈtata/	
  [taˈtata]	
  L	
  H	
  L	
  	
  ta(ˈtata)	
  
…	
  
/taˈtata/	
  [taˈtata]	
  H	
  H	
  H	
  	
  ta(ˈtata)	
  
/taˈtata/	
  [taˈtata]	
  H	
  H	
  H	
  	
  ta(ˈta)ta	
  
/taˈtata/	
  [taˈtata]	
  H	
  H	
  H	
  	
  (taˈta)ta	
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Biases	
  in	
  learning	
  

•  Two	
  biases	
  added	
  to	
  the	
  objecCve	
  funcCon:	
  
– RegularizaCon	
  bias:	
  L2	
  regularizaCon	
  
•  ObjecCve	
  funcCon	
  penalized	
  proporConal	
  to	
  the	
  sum	
  of	
  
all	
  constraint	
  weights	
  
–  Prevents	
  constraint	
  weights	
  for	
  being	
  too	
  high	
  

•  Various	
  values	
  considered	
  –	
  see	
  discussion	
  below	
  
	
  

– Markedness-­‐over-­‐Faithfulness	
  bias:	
  
•  ObjecCve	
  funcCon	
  penalized	
  proporConal	
  to	
  the	
  sum	
  of	
  
all	
  Faithfulness	
  constraint	
  weights	
  
–  Prevents	
  Faithfulness	
  from	
  being	
  too	
  powerful	
  

•  Appropriate	
  values	
  Ced	
  to	
  value	
  of	
  regularizaCon	
  bias	
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