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Abstract:	
  	
  

We	
  argue	
  that	
  a	
  comprehensive	
  model	
  of	
  human	
  vocal	
  behaviour	
  must	
  address	
  both	
  

voluntary	
  and	
  involuntary	
  aspects	
  of	
  articulate	
  speech	
  and	
  non-­‐verbal	
  vocalizations.	
  

Within	
  this,	
  plasticity	
  of	
  vocal	
  output	
  should	
  be	
  acknowledged	
  and	
  explained	
  as	
  part	
  

of	
  the	
  mature	
  speech	
  production	
  system.	
  

	
  

Main	
  Text:	
  

In	
   their	
   account	
   of	
   the	
   neural	
   systems	
   supporting	
   vocal	
   expression	
   in	
   humans,	
  

Ackermann,	
   Hage	
   and	
   Ziegler	
   suggest	
   that	
   emotional	
   and	
   “attitudinal”	
   aspects	
   of	
  

prosody	
   might	
   influence	
   the	
   execution	
   of	
   speech	
   via	
   cross-­‐talk	
   between	
   basal	
  

ganglia	
  loops	
  processing	
  emotion,	
  motivation,	
  and	
  speech	
  motor	
  programmes.	
  	
  It	
  is	
  

problematic	
  to	
  claim	
  one	
  system	
  for	
  spoken	
  language,	
  plus	
  one	
  or	
  more	
  others	
  for	
  

paralinguistic	
   or	
   non-­‐linguistic	
   signals	
   that	
   are	
   then	
   added	
   together	
   to	
   make	
   a	
  

finished	
   product	
   of	
   fluent,	
   emotionally	
   inflected	
   speech.	
   The	
   division	
   between	
  

lateral	
  motor	
  cortex	
  and	
  other	
  systems	
  in	
  the	
  production	
  of	
  human	
  vocal	
  signals	
  is	
  

not	
   a	
   simple	
   one,	
   and	
   might	
   be	
   better	
   characterized	
   by	
   the	
   degree	
   of	
   voluntary	
  

control	
  over	
   the	
  vocal	
   tract	
  rather	
   than	
  according	
  to	
   the	
  type	
  of	
  signals	
  generated.	
  

For	
   example,	
   patients	
   who	
   have	
   sustained	
   lateral	
   cortical	
   injuries	
   disrupting	
   the	
  

voluntary	
  production	
  of	
  speech	
  can	
  still	
  produce	
  spontaneous	
  and	
  natural-­‐sounding	
  

laughter	
   and	
   crying,	
   and	
   swearing	
   (Van	
   Lancker	
   &	
   Cummings,	
   1999).	
   Thus,	
  

articulate	
   speech	
   –	
   swear	
   words	
   –	
   can	
   be	
   produced	
   involuntarily.	
   Similarly,	
   non-­‐

verbal	
   emotional	
   vocalizations	
   can	
   be	
   produced	
   under	
   voluntary	
   control	
   –	
   social	
  

laughter	
   is	
   typically	
   timed	
   to	
   occur	
   at	
   the	
   end	
   of	
   linguistic	
   phrases,	
   during	
   both	
  



speaking	
   and	
   signing	
   (Provine	
   &	
   Emmorey,	
   2006).	
   Recent	
   work	
   using	
   functional	
  

MRI	
   to	
   explore	
   the	
   neural	
   underpinnings	
   of	
   laughter	
   showed	
   a	
   considerable	
  

involvement	
   of	
   lateral	
   sensorimotor	
   systems	
   in	
   the	
   production	
   of	
   laughter	
   under	
  

varying	
  amounts	
  of	
  voluntary	
  control	
  (Wattendorf	
  et	
  al.,	
  2012).	
  	
  

	
  

In	
  everyday	
  spoken	
   language,	
  voluntary	
  modulation	
  of	
   the	
  way	
  we	
  speak	
  plays	
  an	
  

essential	
   role	
   in	
   the	
   intentional	
   expression	
   of	
   mood,	
   intentions	
   and	
   aspirations.	
  

Hawkins	
  and	
  Smith	
  (2001)	
   illustrate	
  this	
  with	
  the	
  English	
  phrase	
  “I	
  do	
  not	
  know”,	
  

the	
  pragmatic	
   sense	
  of	
  which	
   can	
  vary	
  dramatically	
  depending	
  on	
  how	
   the	
  words	
  

are	
   articulated	
   (compare	
   the	
   casual	
   manner	
   of	
   “I	
   dunno”	
   with	
   the	
   suggestion	
   of	
  

irritation	
  in	
  “I…	
  do…	
  not…	
  know!”).	
  We	
  recently	
  investigated	
  the	
  neural	
  correlates	
  of	
  

voluntary	
  modulations	
  of	
  spoken	
  language	
  by	
  asking	
  participants	
  in	
  an	
  MRI	
  scanner	
  

to	
   perform	
   spoken	
   impressions	
   of	
   accents	
   and	
   impersonations	
   of	
   familiar	
  

individuals	
   (McGettigan	
   et	
   al.,	
   2013).	
   The	
   peak	
   activations	
   associated	
   with	
  

deliberate	
  changes	
  to	
  speaking	
  style	
  (compared	
  with	
  speaking	
  in	
  a	
  “normal	
  voice”)	
  

were	
   found	
   in	
   the	
   left	
   anterior	
   insula	
   and	
   inferior	
   frontal	
   gyrus.	
   These	
   areas	
   are	
  

classically	
  associated	
  with	
  the	
  production	
  of	
  spoken	
  language	
  (Blank,	
  Scott,	
  Murphy,	
  

Warburton,	
  &	
  Wise,	
  2002;	
  Dronkers,	
  1996),	
  yet	
  in	
  this	
  case	
  the	
  linguistic	
  content	
  of	
  

the	
  utterances	
  was	
  kept	
  constant	
  across	
  the	
  different	
  conditions	
  of	
  the	
  experiment.	
  

It	
   is	
  difficult	
  to	
  assert	
  that	
  these	
  voluntary	
  aspects	
  of	
  speech	
  production	
  should,	
  or	
  

could,	
  be	
  added	
  to	
  speech	
  separately	
  from	
  the	
  “digital”	
  information	
  bound	
  up	
  in	
  the	
  

phonemes,	
   syllables	
   and	
  words	
  of	
   a	
   language.	
  Our	
   recent	
   results	
   suggest	
   that	
   this	
  



kind	
   of	
   flexibility	
   is	
   an	
   integral	
   part	
   of	
   the	
   planning	
   and	
   control	
   of	
   speech	
   and	
  

voluntary	
  vocal	
  behaviour.	
  

	
  

Not	
   all	
   vocal	
   modulations	
   can	
   be	
   added	
   to	
   speech	
   in	
   a	
   controlled	
   manner.	
  	
  

Ackermann	
  and	
  colleagues	
  argue	
  that	
  linguistic	
  and	
  emotional	
  prosodic	
  information,	
  

which	
   they	
   see	
   as	
   digital	
   and	
   analogue,	
   respectively,	
   are	
   coordinated	
   in	
   the	
   basal	
  

ganglia,	
  as	
  “otherwise	
  these	
  two	
  inputs	
  would	
  distort	
  and	
  corrupt	
  each	
  other”	
  (p.	
  6).	
  

It	
   is	
  reductive	
   to	
  draw	
  boundaries	
  between	
   linguistic	
  and	
  paralinguistic	
  aspects	
  of	
  

vocal	
   behaviour,	
   particularly	
   when	
   considering	
   the	
   role	
   of	
   linguistic	
   prosody	
   in	
  

disambiguation	
   (for	
   example,	
   the	
   contrast	
   between	
   a	
   question	
   and	
   a	
   statement).	
  

Furthermore,	
   it	
   is	
   certainly	
   the	
   case	
   that	
   emotional	
   states	
   do	
   corrupt	
   articulate	
  

speech,	
  as	
  is	
  shown	
  when	
  a	
  person	
  tries	
  to	
  produce	
  speech	
  during	
  a	
  fit	
  of	
  laughter,	
  

when	
  overcome	
  with	
  grief,	
  or	
  when	
  feeling	
  extremely	
  nervous	
  –	
  here,	
  the	
  voluntary	
  

control	
  of	
  vocalization	
   in	
  compromised,	
  and	
  articulate	
  speech	
   is	
   taken	
  over	
  by	
   the	
  

physiological	
   effects	
   of	
   emotion	
   on	
   the	
   functions	
   of	
   the	
   vocal	
   tract	
   (see	
   Figure	
  

1;(Levenson,	
  2003).	
  	
  



	
  

Figure	
   1.	
  On	
   live	
   radio,	
   Presenter	
   1	
   is	
   amused	
  by	
   the	
  Reporter’s	
   pronunciation	
   of	
  

“Jack	
  Toit”.	
  Although	
  she	
  manages	
  to	
  deliver	
  her	
  script,	
   the	
  pitch	
  (F0)	
  of	
  her	
  voice	
  

rises	
  sharply	
  as	
  her	
  emotional	
  state	
  constricts	
   the	
  vocal	
   tract	
  and	
  renders	
  her	
   less	
  

able	
  to	
  control	
  the	
  source	
  of	
  the	
  vocal	
  signal	
  (Ruch	
  &	
  Ekman,	
  2001).	
  

	
  

Ackermann	
   and	
   colleagues	
   claim	
   that	
   the	
   basal	
   ganglia	
  might	
   be	
   essential	
   for	
   the	
  

acquisition	
  of	
  articulate	
  speech	
  during	
  early	
  childhood,	
  while	
  the	
  behaviours	
  of	
  the	
  

mature	
  speech	
  production	
  system	
  are	
  controlled	
  by	
  perisylvian	
  cortical	
  structures.	
  

There	
   is	
   evidence	
   that	
   the	
   plasticity	
   of	
   vocal	
   learning	
   reduces	
   in	
   adolescence	
   and	
  

adulthood,	
   for	
   example	
   the	
  marked	
   persistence	
   of	
   first-­‐language	
   pronunciation	
   in	
  

adult	
  learners	
  of	
  a	
  second	
  language	
  (J.	
  E.	
  Flege,	
  MacKay,	
  &	
  Meador,	
  1999;	
  J.E.	
  Flege,	
  



Yeni-­‐Komshian,	
  &	
  Liu,	
  1999).	
  However,	
  speech	
  can	
  change	
  in	
  adulthood	
  –	
  one	
  study	
  

showed	
  that	
  vowels	
  in	
  the	
  speech	
  of	
  Queen	
  Elizabeth	
  II	
  have,	
  over	
  several	
  decades,	
  

gradually	
   moved	
   closer	
   to	
   the	
   standard	
   British	
   English	
   spoken	
   by	
   her	
   subjects	
  

(Harrington,	
  Palethorpe,	
  &	
  Watson,	
  2000).	
  Similarly,	
  there	
  is	
  extensive	
  evidence	
  for	
  

the	
  recovery	
  of	
  speech	
  in	
  the	
  adult	
  system	
  after	
  stroke	
  (Blank,	
  Bird,	
  Turkheimer,	
  &	
  

Wise,	
  2003).	
  It	
  is	
  difficult	
  to	
  estimate	
  the	
  extent	
  to	
  which	
  these	
  gradual	
  changes	
  to	
  

speech	
   come	
   about	
   under	
   conscious	
   voluntary	
   control.	
  We	
   continue	
   to	
   learn	
   new	
  

information	
  at	
  all	
  levels	
  of	
  the	
  linguistic	
  hierarchy	
  throughout	
  the	
  lifespan,	
  and	
  the	
  

extent	
  to	
  which	
  an	
  individual	
  changes	
  their	
  speech,	
  voluntarily	
  or	
  not,	
  can	
  vary	
  over	
  

both	
   long	
   and	
   short	
   timescales.	
   With	
   reference	
   to	
   the	
   authors’	
   proposal,	
   we	
  

therefore	
   pose	
   the	
   question:	
   How	
   do	
   relearned	
   and	
   remapped	
   behaviours	
   in	
   the	
  

adult	
   speech	
  production	
   system	
   fit	
  within	
  a	
  model	
  where	
   the	
   contributions	
  of	
   the	
  

basal	
  ganglia	
  end	
  after	
  childhood	
  language	
  acquisition?	
  	
  

	
  

We	
   are	
   encouraged	
   by	
   an	
   approach	
   to	
   modelling	
   human	
   vocal	
   behaviour	
   that	
  

incorporates	
   its	
  social,	
  emotional	
  and	
  linguistic	
  aspects.	
  However,	
  we	
  urge	
  caution	
  

in	
  attempts	
  to	
  divide	
  the	
  speech	
  signal	
  into	
  distinct	
  types	
  of	
  information	
  served	
  by	
  

specific	
  underlying	
  functional	
  sub-­‐systems.	
  We	
  argue	
  that	
  vocal	
  behaviour	
  is	
  better	
  

characterized	
  in	
  terms	
  of	
  voluntary	
  versus	
  involuntary	
  control	
  of	
  a	
  complex	
  motor	
  

act,	
   regardless	
   of	
   its	
   informational	
   content.	
   Further,	
   given	
   the	
   evidence	
   that	
   vocal	
  

behaviour	
   remains	
   plastic	
   and	
   flexible	
   into	
   adulthood,	
   we	
   question	
   the	
   extent	
   to	
  

which	
   this	
   plasticity	
   need	
   be	
   mechanistically	
   distinct	
   from	
   childhood	
   language	
  

acquisition.	
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