
Neural	
  resources	
  for	
  syntac/c	
  
integra/on	
  as	
  a	
  key	
  link	
  

Patel	
  5.4	
  



Introduc/on	
  

•  Modularity?	
  
– Whether	
  language	
  is	
  a	
  cogni/ve	
  module	
  is	
  a	
  ma?er	
  of	
  
debate.	
  
•  Fodor	
  1983	
  vs.	
  Elman	
  et	
  al.	
  1996.	
  

–  It	
  has	
  also	
  been	
  proposed	
  that	
  music	
  is	
  a	
  module.	
  
•  Peretz	
  &	
  Coltheart	
  2003.	
  
•  Evidence	
  from	
  double	
  dissocia/ons	
  between	
  language	
  and	
  music	
  
impairments.	
  

–  Are	
  musical	
  and	
  linguis/c	
  syntax	
  neurally	
  independent,	
  or	
  
is	
  there	
  significant	
  overlap?	
  
•  SSIRH	
  (Shared	
  Syntac/c	
  Integra/on	
  Resource	
  Hypothesis)	
  

–  Dis/nct	
  representa/ons	
  but	
  shared	
  processing.	
  
–  Note:	
  This	
  is	
  different	
  from	
  the	
  SSCLMH	
  (Shared	
  Sound	
  Category	
  Learning	
  

Mechanism	
  Hypothesis)	
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Neuropsychology	
  and	
  dissocia/on	
  

•  G.L.	
  (acquired	
  amusia)	
  
–  Bilateral	
  temporal	
  lobe	
  damage	
  due	
  to	
  strokes.	
  

•  Damage	
  to	
  rostral	
  superior	
  temporal	
  gyri	
  (STG)	
  
–  Could	
  discriminate	
  changes	
  in	
  pitch,	
  was	
  sensi/ve	
  to	
  
changes	
  in	
  melodic	
  contour	
  in	
  short	
  melodies,	
  and	
  showed	
  	
  
some	
  sensi/vity	
  to	
  intervals.	
  

–  But	
  he	
  was	
  completely	
  insensi/ve	
  to	
  tonality.	
  
•  How	
  well	
  does	
  a	
  tone	
  fit	
  a	
  preceding	
  tonal	
  context?	
  	
  

–  G.L	
  showed	
  no	
  effect	
  of	
  tonality.	
  
–  Instead	
  seemed	
  to	
  base	
  his	
  dis/nc/on	
  on	
  physical	
  difference	
  between	
  

the	
  last	
  	
  two	
  tones.	
  
–  Also	
  he	
  failed	
  to	
  show	
  a	
  preference	
  for	
  tonal	
  vs.	
  atonal	
  melodies	
  in	
  a	
  

short	
  term	
  memory	
  task.	
  

–  However,	
  he	
  showed	
  normal	
  performance	
  on	
  an	
  aphasia	
  
(linguis/c)	
  test.	
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Neuropsychology	
  and	
  dissocia/on	
  

•  There	
  are	
  also	
  many	
  cases	
  of	
  congenital	
  amusia	
  (tone	
  
deafness)	
  where	
  subjects	
  show	
  no	
  sensi/vity	
  to	
  sour	
  
notes,	
  but	
  have	
  normal	
  language	
  abili/es.	
  

•  Aphasia	
  without	
  amusia	
  
–  Russian	
  composer	
  Shebalin	
  (1902-­‐1963)	
  

•  Two	
  strokes	
  affec/ng	
  the	
  temporal	
  and	
  parietal	
  regions	
  of	
  the	
  leb	
  
hemisphere.	
  

•  Severe	
  difficul/es	
  producing	
  and	
  understanding	
  language	
  but	
  produced	
  
9	
  very	
  competent	
  musical	
  composi/ons	
  aber	
  the	
  strokes.	
  

–  Tzor/s	
  et	
  al	
  2000	
  list	
  6	
  such	
  cases	
  of	
  aphasia	
  without	
  amusia.	
  
•  But	
  all	
  are	
  professional	
  musicians.	
  
•  The	
  brains	
  of	
  musicians	
  are	
  different	
  from	
  nonmusicians.	
  

Increased	
  grey	
  ma?er	
  in	
  frontal	
  cortex	
  and	
  increased	
  corpus	
  callosum	
  size.	
  
•  There	
  have	
  been	
  no	
  convincing	
  cases	
  of	
  aphasia	
  without	
  amusia	
  of	
  
non-­‐musicians.	
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Neuroimaging	
  and	
  overlap	
  

•  Patel,	
  Gibson	
  et	
  al.	
  1998.	
  
•  Inves/gated	
  whether	
  chord	
  incongruity	
  in	
  the	
  context	
  of	
  a	
  

key	
  would	
  elicit	
  the	
  P600	
  ERP	
  associated	
  with	
  syntac/c	
  
incongrui/es	
  in	
  language.	
  
–  Osterhout	
  &	
  Holcomb	
  1992,	
  1993;	
  Hagoort	
  et	
  al.	
  1993.	
  

•  Posi/ve-­‐going	
  wave	
  peaked	
  600	
  msec	
  aber	
  ‘was’	
  in:	
  
–  The	
  broker	
  hoped	
  to	
  sell	
  the	
  stock	
  was	
  sent	
  to	
  jail.	
  

–  This	
  is	
  dis/nct	
  from	
  the	
  N400	
  following	
  seman/cally	
  
incongruous	
  words	
  	
  
•  Kutas	
  &	
  Hilyard	
  1984	
  
•  I	
  take	
  my	
  	
  coffee	
  with	
  cream	
  and	
  dog.	
  

–  But	
  both	
  ERPs	
  can	
  be	
  produced	
  in	
  well-­‐formed	
  sentences,	
  due	
  
simply	
  to	
  	
  rela/ve	
  unexpectedness.	
  
•  N400:	
  The	
  girl	
  put	
  the	
  sweet	
  in	
  her	
  mouth/pocket	
  a<er	
  the	
  lesson.	
  
•  P600:	
  The	
  broker	
  hoped	
  to	
  sell	
  the	
  stock	
  (was	
  sent	
  to	
  jail).	
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Neuroimaging	
  and	
  overlap	
  

•  Patel,	
  Gibson	
  et	
  al.	
  1998	
  constructed	
  
sentences	
  in	
  which	
  a	
  target	
  phrase	
  was	
  easy,	
  
difficult	
  or	
  impossible	
  to	
  integrate	
  with	
  the	
  
syntac/c	
  context	
  
– Some	
  of	
  the	
  senators	
  had	
  promised	
  an	
  old	
  idea	
  of	
  
jus@ce.	
  

– Some	
  of	
  the	
  senators	
  endorsed	
  promised	
  an	
  old	
  
idea	
  of	
  jus@ce.	
  

– Some	
  of	
  the	
  senators	
  endorsed	
  the	
  promoted	
  an	
  
old	
  idea	
  of	
  jus@ce.	
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Neuroimaging	
  and	
  overlap	
  

•  They	
  also	
  constructed	
  musical	
  phrases,	
  where	
  an	
  
internal	
  chord	
  was	
  either:	
  
–  the	
  tonic	
  chord.	
  
–  the	
  tonic	
  of	
  a	
  close	
  key	
  (3	
  counterclockwise	
  steps	
  on	
  the	
  
circle	
  of	
  fibhs).	
  

–  the	
  tonic	
  chord	
  of	
  a	
  distant	
  key	
  (5	
  steps).	
  
–  The	
  out-­‐of-­‐key	
  chords	
  (E♭-­‐G-­‐B♭,	
  D♭-	
  F,-­‐A♭)	
  had	
  the	
  
same	
  number	
  of	
  out-­‐of-­‐key	
  notes	
  rela/ve	
  to	
  C	
  major.	
  

–  The	
  target	
  chord	
  always	
  appeared	
  aber	
  a	
  dominant	
  chord
(V	
  or	
  V7).	
  

–  The	
  chord	
  sequences	
  were	
  composed	
  in	
  a	
  popular	
  rather	
  
than	
  classical	
  style,	
  like	
  jingles.	
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Recordings.	
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Neuroimaging	
  and	
  overlap	
  

•  15	
  musically-­‐trained	
  listeners	
  heard	
  the	
  s/muli,	
  while	
  
their	
  brain	
  responses	
  were	
  recorded	
  using	
  EEG.	
  
–  They	
  judged	
  whether	
  it	
  sounded	
  normal	
  or	
  structurally	
  
odd.	
  

–  ERPs	
  to	
  the	
  target	
  phrases	
  in	
  language	
  were	
  compared	
  to	
  
ERPs	
  in	
  music.	
  

•  Incongrui/es	
  in	
  both	
  domains	
  elicited	
  P600s.	
  
–  These	
  ERPs	
  were	
  sta/s/cally	
  indis/nguishable	
  in	
  terms	
  of	
  
amplitude	
  and	
  scalp	
  distribu/on	
  at	
  both	
  the	
  moderate	
  and	
  
strong	
  level	
  of	
  incongruity.	
  

–  The	
  P600	
  may	
  thus	
  reflect	
  domain-­‐general	
  structural	
  
integra/on	
  processing	
  in	
  both	
  domains.	
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Neuroimaging	
  and	
  overlap	
  
•  Both	
  the	
  linguis/c	
  and	
  musical	
  P600s	
  were	
  maximal	
  over	
  the	
  

temporal	
  and	
  posterior	
  regions	
  of	
  the	
  brain.	
  
–  But	
  ERP	
  has	
  poor	
  spa/al	
  resolu/on	
  compared	
  to	
  excellent	
  temporal	
  

resolu/on.	
  
–  S/ll	
  the	
  generators	
  of	
  the	
  P600s	
  are	
  unlikely	
  to	
  be	
  lateralized,	
  as	
  the	
  

ERP	
  is	
  symmetrical	
  across	
  the	
  leb	
  and	
  right	
  halves	
  of	
  the	
  brain.	
  
•  Subsequent	
  work	
  has	
  shown	
  that	
  musical	
  syntac/c	
  processing	
  

ac/vates	
  “language”	
  areas	
  of	
  the	
  brain.	
  
–  Maess	
  et	
  2001:	
  MEG	
  data	
  shows	
  an	
  early	
  right	
  anterior	
  nega/vity	
  

(ERAN)	
  for	
  harmonic	
  processing	
  of	
  music	
  in	
  Broca’s	
  area	
  and	
  its	
  right	
  
hemisphere	
  homologue.	
  

–  Using	
  fMRI,	
  Tillmann	
  et	
  al.	
  2003	
  and	
  Koelsch	
  et	
  al.	
  2002	
  showed	
  
Broca’s	
  and	
  Wernicke’s	
  areas	
  at	
  work	
  in	
  musical	
  harmonic	
  processing.	
  

•  How	
  then	
  can	
  we	
  reconcile	
  the	
  neuroimaging	
  studies	
  that	
  show	
  
overlap	
  with	
  the	
  neuropsychology	
  studies	
  that	
  show	
  dissocia/on?	
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Using	
  Cogni/ve	
  Theory	
  to	
  Resolve	
  the	
  
Paradox	
  

•  Patel’s	
  proposal:	
  
–  Long-­‐term	
  structural	
  knowledge	
  of	
  linguis/c	
  and	
  musical	
  syntax	
  is	
  

different:	
  
•  Associa/ve	
  networks	
  that	
  store	
  knowledge	
  of	
  words	
  and	
  chords.	
  

–  But	
  opera/ons	
  conducted	
  on	
  that	
  knowledge	
  for	
  the	
  purpose	
  of	
  
forming	
  a	
  percept	
  could	
  be	
  related.	
  

•  Dual	
  system	
  approaches	
  to	
  linguis/c	
  systems:	
  
–  Caplan	
  &	
  Wa?ers	
  1979	
  

•  Frontal	
  areas	
  of	
  the	
  brain	
  support	
  a	
  special	
  working	
  memory	
  system	
  for	
  
linguis/c	
  syntac/c	
  opera/ons.	
  

–  Ullman	
  2001	
  
•  Frontal	
  systems	
  contain	
  a	
  symbol-­‐manipula/on	
  system	
  for	
  linguis/c	
  syntax.	
  

•  What	
  is	
  proposed	
  here	
  is	
  a	
  dual	
  system	
  approach.	
  
–  But	
  what	
  is	
  shared	
  is	
  derived	
  from	
  comparison	
  of	
  cogni/ve	
  theories	
  of	
  

syntac/c	
  processing	
  in	
  the	
  two	
  domains.	
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Syntac/c	
  processing	
  in	
  language	
  I:	
  
Dependency-­‐Locality	
  Theory	
  

•  Gibson	
  1998,	
  2000.	
  
•  Linguis/c	
  sentence	
  comprehension	
  involves	
  two	
  
components:	
  
–  Structural	
  storage	
  

•  Keeping	
  track	
  of	
  predicted	
  syntac/c	
  categories	
  as	
  a	
  sentence	
  is	
  
perceived	
  in	
  /me:	
  

•  E.g.	
  a	
  verb	
  is	
  expected	
  aber	
  a	
  noun	
  is	
  encountered.	
  
–  Structural	
  integra/on	
  

•  Connec/ng	
  each	
  incoming	
  word	
  to	
  a	
  prior	
  word	
  on	
  which	
  it	
  
depends.	
  

•  The	
  cost	
  of	
  integra/on	
  increases	
  with	
  the	
  distance	
  between	
  the	
  
new	
  element	
  and	
  the	
  site	
  of	
  integra/on.	
  

•  Distance	
  is	
  measured	
  by	
  the	
  number	
  of	
  new	
  “discourse	
  
referents”	
  (nouns	
  and	
  verbs)	
  since	
  the	
  site	
  of	
  integra/on.	
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Syntac/c	
  processing	
  in	
  language	
  I:	
  
Dependency-­‐Locality	
  Theory	
  

1.  The	
  reporter	
  who	
  sent	
  the	
  photographer	
  to	
  the	
  editor	
  
hoped	
  for	
  a	
  story.	
  

2.  The	
  reporter	
  who	
  the	
  photographer	
  sent	
  to	
  the	
  editor	
  
hoped	
  for	
  a	
  story.	
  

•  “sent”	
  is	
  easier	
  to	
  integrate	
  in	
  (1).	
  
•  The	
  theory	
  can	
  provide	
  numerical	
  predic/ons	
  of	
  the	
  
processing	
  (storage	
  +	
  integra/on)	
  costs	
  at	
  each	
  word.	
  
–  Reading	
  /me	
  experiments	
  have	
  confirmed	
  the	
  predic/ons	
  
(Warner	
  &	
  Gibson	
  2002,	
  Grodner	
  &	
  Gibson	
  2005).	
  

•  Take-­‐home-­‐point:	
  	
  mentally	
  connec/ng	
  distant	
  
elements	
  requires	
  more	
  resources.	
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Syntac/c	
  processing	
  in	
  language	
  II:	
  
Expectancy	
  Theory	
  

•  A	
  different	
  theore/cal	
  perspec/ve	
  suggests	
  that	
  
syntac/c	
  integra/on	
  difficulty	
  reflects	
  how	
  well	
  a	
  
word	
  fits	
  a	
  perceiver’s	
  syntac/c	
  expecta/ons	
  at	
  
that	
  point.	
  
– Narayanan	
  &	
  Jurafsky,	
  1998,	
  2002,	
  inter	
  alia.	
  
– When	
  an	
  unexpected	
  word	
  is	
  encountered	
  ,	
  resources	
  
must	
  be	
  reallocated	
  to	
  change	
  the	
  preferred	
  structural	
  
interpreta/on.	
  

•  This	
  approach	
  can	
  account	
  for	
  effects	
  not	
  
predicted	
  by	
  DLT. 	
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Syntac/c	
  processing	
  in	
  language	
  II:	
  
Expectancy	
  Theory	
  

•  Jaeger	
  et	
  al.	
  2005	
  
1.  The	
  player	
  [that	
  the	
  coach	
  met	
  at	
  8	
  o’clock]	
  bought	
  the	
  house…	
  
2.  The	
  player	
  [that	
  the	
  coach	
  met	
  by	
  the	
  river	
  at	
  8	
  o’clock]	
  bought	
  

the	
  house…	
  
3.  The	
  player	
  [that	
  the	
  coach	
  met	
  near	
  the	
  gym	
  by	
  the	
  river	
  at	
  8	
  

o’clock]	
  bought	
  the	
  house….	
  

•  Reading	
  /mes	
  on	
  “bought”	
  became	
  shorter	
  as	
  the	
  
length	
  of	
  the	
  rela/ve	
  clause	
  increased.	
  
–  Because	
  a	
  verb	
  is	
  increasingly	
  expected.	
  

•  DLT	
  and	
  expectancy	
  theory	
  are	
  successful	
  in	
  different	
  
circumstances.	
  

•  Both	
  posit	
  that	
  difficult	
  syntac/c	
  integra/ons	
  
consume	
  processing	
  resources	
  used	
  in	
  building	
  
structural	
  representa/on	
  of	
  sentences.	
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Syntac/c	
  processing	
  in	
  music:	
  Tonal	
  
Pitch	
  Space	
  Theory	
  

•  Lerdahl	
  2001.	
  
•  Tonal	
  Pitch	
  Space	
  Theory	
  (TPS)	
  builds	
  on	
  findings	
  about	
  

perceived	
  rela/ons	
  between	
  scale	
  tones,	
  chords	
  and	
  keys.	
  
•  The	
  main	
  formalism	
  used	
  to	
  relate	
  these	
  rela/ons	
  is	
  a	
  

“basic	
  space”	
  organized	
  as	
  a	
  hierarchy	
  of	
  pitch	
  alphabets.	
  
•  The	
  basic	
  space	
  provides	
  a	
  mechanism	
  for	
  compu/ng	
  the	
  

psychological	
  distance	
  between	
  any	
  two	
  musical	
  chords	
  in	
  a	
  
sequence.	
  

•  The	
  algorithm	
  involves	
  measuring	
  how	
  far	
  one	
  has	
  to	
  shib	
  a	
  
chord’s	
  representa/on	
  in	
  the	
  basic	
  space	
  to	
  transform	
  it	
  
into	
  another	
  chord.	
  
–  Yields	
  a	
  single	
  distance	
  value	
  that	
  can	
  be	
  expressed	
  as	
  an	
  

integer.	
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Syntac/c	
  processing	
  in	
  music:	
  Tonal	
  
Pitch	
  Space	
  Theory	
  

•  TPS	
  also	
  provides	
  a	
  method	
  for	
  deriving	
  prolonga/on-­‐
reduc/on	
  trees.	
  

•  Using	
  the	
  trees,	
  one	
  computes	
  the	
  distance	
  between	
  
each	
  chord	
  and	
  the	
  chord	
  it	
  a?aches	
  to	
  in	
  the	
  tree.	
  
–  In	
  addi/on,	
  a	
  chord	
  “inherits”	
  distances	
  from	
  the	
  chords	
  
under	
  which	
  it	
  is	
  embedded.	
  

–  This	
  distance	
  plays	
  an	
  important	
  in	
  predic/ng	
  the	
  ebb	
  and	
  
flow	
  of	
  tension	
  in	
  a	
  piece.	
  

•  The	
  numerical	
  predic/ons	
  of	
  TPS	
  can	
  be	
  compared	
  to	
  
tension	
  profiles	
  provided	
  by	
  listeners.	
  
–  Such	
  experiments	
  provide	
  support	
  for	
  TPS.	
  
–  Listeners	
  hear	
  rela/ons	
  between	
  chords	
  in	
  a	
  hierarchical	
  
manner	
  (Lerdahl	
  &	
  Krumhansl	
  2007).	
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Convergence	
  between	
  syntac/c	
  
processing	
  in	
  language	
  and	
  music	
  

•  Both	
  language	
  theories	
  posit	
  that	
  difficult	
  integra/on	
  
arises	
  from	
  ac/va/ng	
  low-­‐ac/va/on	
  items.	
  
–  In	
  DLT,	
  the	
  ac/va/on	
  of	
  long-­‐distance	
  words	
  has	
  decayed.	
  
–  In	
  expectancy	
  theory,	
  revising	
  a	
  syntac/c	
  interpreta/on	
  
involves	
  boos/ng	
  the	
  ac/va/on	
  of	
  previously	
  decayed	
  
structures.	
  

•  A	
  listener	
  of	
  music	
  is	
  con/nually	
  building	
  a	
  sense	
  of	
  
key.	
  
–  Rela/vely	
  unexpected	
  chords	
  have	
  a	
  low	
  ac/va/on	
  level.	
  	
  
–  This	
  results	
  in	
  a	
  processing	
  cost	
  in	
  integra/ng	
  them.	
  	
  

Syntax:	
  key	
  link	
   23	
  



Convergence	
  between	
  syntac/c	
  
processing	
  in	
  language	
  and	
  music	
  

•  Overlap	
  in	
  the	
  syntac/c	
  processing	
  of	
  language	
  
and	
  music	
  can	
  be	
  conceived	
  of	
  as	
  overlap	
  in	
  the	
  
neural	
  areas	
  and	
  opera/ons	
  that	
  provide	
  the	
  
resources	
  for	
  difficult	
  syntac/c	
  integra/ons.	
  
–  The	
  “shared	
  syntac/c	
  integra/on	
  resource	
  
hypothesis”	
  (SSIRH)	
  

•  The	
  relevant	
  brain	
  networks	
  are	
  “resource	
  
networks”	
  that	
  serve	
  to	
  rapidly	
  and	
  selec/vely	
  
bring	
  low-­‐ac/va/on	
  items	
  in	
  “representa/on	
  
networks”	
  up	
  to	
  the	
  ac/va/on	
  threshold	
  needed	
  
for	
  integra/on.	
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Convergence	
  between	
  syntac/c	
  
processing	
  in	
  language	
  and	
  music	
  

•  The	
  loca/on	
  of	
  the	
  proposed	
  overlapping	
  
resource	
  networks	
  does	
  not	
  yet	
  have	
  a	
  firm	
  
answer	
  
– Perhaps	
  in	
  frontal	
  brain	
  regions	
  that	
  provide	
  
resources	
  for	
  computa/ons	
  in	
  posterior	
  regions	
  
where	
  syntac/c	
  representa/ons	
  reside.	
  

– Within	
  subjects	
  compara/ve	
  studies	
  of	
  language	
  
music	
  using	
  techniques	
  that	
  localize	
  brain	
  ac/vity,	
  
such	
  as	
  fMRI,	
  are	
  needed.	
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Reconciling	
  the	
  paradox	
  
•  The	
  SSIRH	
  can	
  	
  reconcile	
  the	
  apparent	
  paradox	
  
between	
  neuroimaging	
  and	
  neuropsychology.	
  
–  The	
  P600	
  involves	
  difficulty	
  in	
  syntac/c	
  integra/on,	
  
perhaps	
  involving	
  Broca’s	
  area	
  and	
  the	
  anterior	
  temporal	
  
lobe	
  (Kaan	
  &	
  Swaab	
  2002).	
  

– Musical	
  harmonic	
  processing	
  also	
  involves	
  frontal	
  areas	
  
(Koelsch	
  et	
  al.	
  2002,	
  Tillmann	
  et	
  al.	
  2003).	
  

•  Dissocia/ons	
  between	
  linguis/c	
  and	
  musical	
  
processing	
  involve	
  domain-­‐specific	
  representa/ons.	
  
–  Aquired	
  amusics	
  have	
  damage	
  in	
  the	
  superior	
  temporal	
  
gyri.	
  

–  Congenital	
  amusics	
  have	
  never	
  formed	
  relevant	
  
representa/ons.	
  

–  Reported	
  cases	
  of	
  aphasia	
  without	
  amusia	
  are	
  all	
  
musicians	
  and	
  are	
  out	
  of	
  date.	
  New	
  studies	
  are	
  needed.	
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Hickok	
  &	
  Poeppel	
  2007	
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Friederici	
  2012:	
  The	
  cor/cal	
  language	
  circuit:	
  from	
  
auditory	
  percep/on	
  to	
  sentence	
  comprehension	
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Interference	
  between	
  linguis/c	
  and	
  
musical	
  syntac/c	
  processing	
  

•  The	
  SSIRH	
  predicts	
  that	
  tasks	
  that	
  combine	
  
linguis/c	
  and	
  musical	
  syntac/c	
  integra/on	
  will	
  
show	
  interference	
  between	
  the	
  two.	
  

•  Tes/ng	
  this	
  predic/on	
  requires	
  experiments	
  in	
  
which	
  music	
  and	
  language	
  are	
  presented	
  
together.	
  

•  Some	
  older	
  studies	
  have	
  examined	
  the	
  
rela/onship	
  between	
  musical	
  harmonic	
  
processing	
  and	
  linguis/cs	
  seman@c	
  processing.	
  

•  Newer	
  studies	
  examine	
  the	
  interac/on	
  of	
  musical	
  
and	
  linguis/c	
  syntac/c	
  processing.	
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Studies	
  examining	
  the	
  interac/on	
  
between	
  linguis/c	
  seman/cs	
  and	
  

musical	
  syntax	
  
•  Besson	
  et	
  al	
  1998	
  and	
  Bonnel	
  et	
  al.	
  2001.	
  

–  Par/cipants	
  listened	
  to	
  sung	
  sentences	
  in	
  which	
  the	
  last	
  word	
  was	
  
seman/cally	
  anomalous	
  and	
  out	
  of	
  key.	
  

–  Seman/c	
  viola/ons	
  gave	
  rise	
  to	
  an	
  N400	
  ERP,	
  and	
  out-­‐of-­‐key	
  notes	
  
gave	
  rise	
  to	
  a	
  late	
  posi/ve	
  ERP,	
  explained	
  by	
  a	
  simple	
  addi/ve	
  model.	
  

–  A	
  dual	
  task	
  of	
  judging	
  incongruity	
  of	
  both	
  did	
  not	
  result	
  in	
  a	
  decrease	
  
in	
  performance	
  compared	
  to	
  a	
  single	
  task.	
  

•  Poulin-­‐Charronnar	
  et	
  al.	
  2003	
  
–  Employed	
  a	
  harmonic	
  priming	
  paradigm	
  where	
  a	
  chord	
  sequence	
  ends	
  

in	
  a	
  I	
  or	
  a	
  IV.	
  
–  Sung	
  sentences	
  ended	
  on	
  a	
  seman/cally	
  expected	
  or	
  unexpected	
  

word.	
  
–  Reac/on	
  Time	
  to	
  determining	
  whether	
  the	
  last	
  word	
  was	
  a	
  real	
  word	
  

did	
  slow	
  down	
  when	
  the	
  final	
  chord	
  was	
  a	
  IV.	
  
–  But	
  this	
  could	
  have	
  been	
  due	
  to	
  a?en/on	
  being	
  drawn	
  to	
  the	
  IV	
  chord	
  

because	
  the	
  sequence	
  sounded	
  incomplete.	
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Studies	
  examining	
  the	
  interac/on	
  
between	
  linguis/c	
  and	
  musical	
  syntax	
  
•  Koelsch	
  et	
  al.	
  2005	
  
–  Par/cipants	
  read	
  words,	
  where	
  the	
  final	
  word	
  was	
  
some/mes	
  ungramma/cal	
  (gender	
  error	
  in	
  German):	
  
•  He	
  drinks	
  themasculine	
  coolmasculine	
  beerneuter.	
  

–  Each	
  word	
  was	
  accompanied	
  by	
  a	
  chord	
  with	
  the	
  final	
  
chord	
  being	
  either	
  the	
  tonic	
  or	
  an	
  out-­‐key-­‐chord	
  from	
  
a	
  distant	
  key.	
  

– An	
  interac/on	
  was	
  found:	
  
•  Gramma/cal	
  but	
  out-­‐of-­‐key:	
  a	
  normal	
  ERAN	
  ERP	
  was	
  
produced	
  (effect	
  also	
  shows	
  up	
  in	
  leb	
  hemisphere).	
  

•  Ungramma/cal	
  but	
  in-­‐key:	
  a	
  normal	
  LAN	
  ERP	
  was	
  produced.	
  
•  Ungramma/cal	
  and	
  out-­‐of-­‐key:	
  the	
  LAN	
  was	
  smaller,	
  as	
  if	
  
underlying	
  processes	
  were	
  compe/ng.	
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Studies	
  examining	
  the	
  interac/on	
  
between	
  linguis/c	
  and	
  musical	
  syntax	
  
•  Federenko	
  et	
  al.	
  2009	
  
–  Sung	
  sentences	
  containing	
  easy	
  or	
  difficult	
  rela/ve	
  clauses	
  
with	
  an	
  in-­‐key	
  or	
  out-­‐of-­‐key	
  note	
  on	
  the	
  last	
  word	
  of	
  the	
  
rela/ve	
  clause:	
  
•  The	
  cop	
  that	
  met	
  the	
  spy	
  wrote	
  a	
  book	
  about	
  the	
  case.	
  
•  The	
  cop	
  that	
  the	
  spy	
  met	
  wrote	
  a	
  book	
  about	
  the	
  case.	
  

–  Comprehension	
  accuracy	
  was	
  lower	
  for	
  sentences	
  with	
  
distant	
  syntac/c	
  integra/ons.	
  

–  This	
  difference	
  was	
  larger	
  when	
  melodies	
  contained	
  out-­‐
of-­‐key	
  notes.	
  

–  A	
  10	
  dB	
  increase	
  in	
  volume	
  on	
  the	
  relevant	
  word	
  did	
  not	
  
produce	
  this	
  effect.	
  

–  Some	
  aspect	
  of	
  structural	
  integra/on	
  seems	
  to	
  be	
  shared	
  
between	
  language	
  and	
  music.	
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Studies	
  examining	
  the	
  interac/on	
  
between	
  linguis/c	
  and	
  musical	
  syntax	
  
•  Slevc	
  et	
  al.	
  2009	
  

–  Self-­‐paced	
  reading	
  /me	
  paradigm	
  where	
  par/cipants	
  read	
  
sentences	
  phrase	
  by	
  phrase,	
  and	
  each	
  phrase	
  was	
  accompanied	
  
by	
  a	
  chord	
  in	
  	
  a	
  coherent	
  Bach-­‐style	
  chord	
  progression.	
  
•  Syntac/c	
  manipula/on:	
  The	
  scien@st|	
  wearing	
  |	
  thick	
  glasses	
  |
confirmed	
  (that)	
  |	
  the	
  hypothesis	
  |	
  was	
  |	
  being	
  |	
  studied	
  |	
  in	
  the	
  lab.	
  

•  Seman/c	
  manipula/on:	
  The	
  boss	
  |warned	
  |the	
  mailman	
  |	
  to	
  watch	
  |
for	
  angry	
  |dogs/pigs	
  |when	
  |	
  delivering	
  |the	
  mail.	
  

–  Chords	
  were	
  in-­‐key	
  or	
  out-­‐of-­‐key	
  on	
  the	
  target	
  word.	
  
–  Syntac/cally	
  and	
  seman/cally	
  unexpected	
  words	
  were	
  read	
  

more	
  slowly	
  than	
  expected	
  words.	
  
–  A	
  simultaneous	
  out-­‐of-­‐key	
  chord	
  caused	
  substan/al	
  increased	
  

slow-­‐down	
  for	
  syntac/cally	
  but	
  not	
  seman/cally	
  unexpected	
  
words.	
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Musical	
  syntac/c	
  deficits	
  in	
  aphasia	
  

•  Study	
  1:	
  	
  Patel,	
  Iversen,	
  Wassenaar	
  &	
  Hagoort	
  2008.	
  
–  12	
  Broca’s	
  aphasics	
  (known	
  for	
  produc/on	
  problems),	
  
none	
  of	
  whom	
  had	
  been	
  a	
  musician.	
  

–  Used	
  a	
  picture	
  task	
  to	
  confirm	
  that	
  the	
  aphasics	
  had	
  
syntac/c	
  comprehension	
  deficits.	
  

–  The	
  aphasics	
  with	
  matched	
  controls	
  performed	
  
acceptability	
  judgments	
  on	
  musical	
  and	
  linguis/c	
  
sequences.	
  
•  The	
  sailors	
  call	
  for	
  the	
  captain	
  and	
  demands	
  a	
  fine	
  boGle	
  of	
  rum.	
  
•  Anne	
  scratched	
  her	
  name	
  with	
  her	
  tomato	
  on	
  the	
  wooden	
  door.	
  
•  Melodic	
  sequences	
  containing	
  an	
  out	
  of	
  key	
  chord	
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Musical	
  syntac/c	
  deficits	
  in	
  aphasia	
  

–  The	
  aphasics	
  performed	
  significantly	
  worse	
  on	
  the	
  music	
  
task	
  and	
  the	
  syntac/c	
  task,	
  but	
  not	
  the	
  seman/c	
  task.	
  

–  A	
  correla/on	
  test	
  was	
  done	
  to	
  test	
  whether	
  the	
  results	
  
were	
  consistent	
  across	
  the	
  group	
  of	
  aphasics	
  and	
  no	
  
correla/on	
  was	
  found.	
  

–  But	
  when	
  the	
  controls	
  were	
  included,	
  performance	
  on	
  the	
  
music	
  syntax	
  task	
  was	
  a	
  significant	
  predictor	
  of	
  the	
  
performance	
  on	
  the	
  linguis/c	
  syntax	
  task.	
  

–  Not	
  so	
  with	
  the	
  linguis/c	
  seman/cs	
  task.	
  
–  This	
  points	
  to	
  some	
  process	
  common	
  to	
  language	
  and	
  
music	
  syntax	
  that	
  operates	
  in	
  both	
  the	
  controls	
  and	
  
aphasics,	
  although	
  at	
  a	
  degraded	
  level	
  in	
  the	
  aphasics.	
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Musical	
  syntac/c	
  deficits	
  in	
  aphasia	
  

•  Study	
  2:	
  	
  Patel,	
  Iversen,	
  Wassenaar	
  &	
  Hagoort	
  2008.	
  
–  9	
  addi/onal	
  Broca’s	
  aphasics	
  with	
  a	
  syntac/c	
  comprehension	
  

deficit.	
  
–  Harmonic	
  priming	
  task:	
  

•  A	
  target	
  chord	
  is	
  normally	
  processed	
  more	
  rapidly	
  and	
  accurately	
  if	
  it	
  
is	
  harmonically	
  close	
  to	
  a	
  tonic	
  center	
  established	
  by	
  a	
  prime.	
  

–  Par/cipants	
  heard	
  two	
  chords	
  and	
  judged	
  whether	
  the	
  second	
  
chord	
  was	
  tuned	
  or	
  mistuned.	
  

–  Reac/on	
  /me	
  to	
  well-­‐tuned	
  targets	
  differed.	
  
•  Controls	
  showed	
  a	
  normal	
  priming	
  effect,	
  with	
  faster	
  RTs	
  to	
  
harmonically	
  close	
  vs.	
  far	
  well-­‐tuned	
  targets.	
  

•  Aphasics	
  did	
  not	
  show	
  a	
  priming	
  effect,	
  and	
  even	
  responded	
  faster	
  to	
  
distant	
  targets,	
  which	
  shared	
  a	
  note	
  with	
  the	
  tonic	
  center,	
  sugges/ng	
  
responses	
  were	
  driven	
  by	
  psychoacous/c	
  similarity	
  rather	
  than	
  by	
  
harmonic	
  knowledge.	
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Musical	
  syntac/c	
  deficits	
  in	
  aphasia	
  

•  Conclusion:	
  	
  aphasics	
  do	
  show	
  syntac/c	
  musical	
  deficits.	
  	
  
•  Results	
  are	
  consistent	
  with	
  the	
  SSIRH.	
  
-  Music	
  and	
  language	
  share	
  neural	
  resources	
  for	
  ac/va/ng	
  

domain-­‐specific	
  representa/ons	
  during	
  syntac/c	
  processing.	
  

•  The	
  aphasics	
  had	
  leb	
  hemisphere	
  deficits.	
  
-  Leb-­‐hemisphere	
  language	
  circuits	
  appear	
  to	
  play	
  a	
  role	
  in	
  

musical	
  syntac/c	
  processing	
  even	
  in	
  non-­‐musicians.	
  

•  Future	
  work	
  should	
  employ	
  aphasics	
  with	
  more	
  /ghtly	
  
controlled	
  lesion	
  profiles.	
  

•  It	
  is	
  /me	
  to	
  reawaken	
  	
  the	
  study	
  of	
  music	
  syntac/c	
  
processing	
  in	
  aphasics.	
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