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Music…	
  Cochlear	
  Implants…	
  

•  Percep;on	
  (Kang	
  et	
  al.,	
  2009;	
  Zhu	
  et	
  al.,	
  2011;	
  Zend	
  et	
  al.,	
  2014)	
  
•  Apprecia;on/Enjoyment	
  (Wright	
  and	
  Uchanski,	
  2012)	
  

•  What	
  about	
  singing?	
  

15-­‐channel	
  vocoder	
  
(Litvak	
  et	
  al.,	
  2007)	
  



Ques;ons	
  

•  How	
  “in	
  tune”	
  do	
  we	
  sing?	
  

•  Do	
  musicians	
  have	
  an	
  advantage	
  
over	
  non-­‐musicians?	
  

•  Does	
  musical	
  “context”	
  have	
  an	
  
effect?	
  



Methods	
  
•  Musical	
  Context	
  

–  Single	
  Notes	
  
–  Unfamiliar	
  Melodies	
  
–  Familiar	
  Melodies	
  

•  With	
  and	
  without	
  lyrics	
  
–  Popular	
  Songs	
  

•  Litvak’s	
  vocoder:	
  

•  Subjects	
  (n=20)	
  
–  14	
  women	
  /	
  6	
  men	
  
–  10	
  musicians	
  /	
  10	
  not	
  
–  Normal	
  Hearing	
  

•  Acclima;ze	
  
•  CI	
  Processed	
  recordings	
  
•  Normal	
  recordings	
  

•  Sound	
  Forge	
  Pro	
  
•  CantOvision	
  Sing	
  &	
  See	
  
•  Microson	
  Excel	
  



Music	
  101:	
  	
  Semitones	
  

•  A4	
  =	
  440	
  Hz	
  
•  G#4	
  =	
  415	
  Hz	
  

•  1	
  semitone	
  =	
  25	
  Hz	
  

•  A3	
  =	
  220	
  Hz	
  
•  G#3	
  =	
  208	
  Hz	
  

•  1	
  semitone	
  =	
  12	
  Hz	
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Conclusions	
  

•  Musicians	
  match	
  pitch	
  more	
  accurately	
  than	
  
non-­‐musicians,	
  on	
  average.	
  
– High	
  variability	
  in	
  the	
  non-­‐musician	
  popula;on	
  

•  CI	
  processing	
  makes	
  it	
  significantly	
  more	
  
difficult	
  to	
  match	
  pitch	
  accurately	
  for	
  all	
  
subjects.	
  	
  	
  



What	
  about	
  songs?	
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Popular	
  Songs	
  

•  15	
  were	
  selected	
  for	
  
listening	
  only	
  
–  Acclima;za;on	
  

•  Of	
  those	
  15,	
  3	
  were	
  
selected	
  for	
  singing	
  
–  Data	
  collec;on	
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Summary	
  

•  On	
  average,	
  musicians	
  match	
  pitch	
  more	
  
accurately	
  than	
  non-­‐musicians.	
  
	
  

•  Increased	
  musical	
  context	
  can	
  improve	
  pitch	
  
accuracy	
  when	
  listening	
  through	
  CI	
  processing	
  
– esp.	
  with	
  auditory/vocal	
  memory	
  at	
  play	
  

	
  



Future	
  Studies	
  

•  What	
  about	
  real	
  CI	
  pa;ents?	
  
– Various	
  musical	
  backgrounds/experience	
  

•  Postlingually	
  vs.	
  prelingually	
  implanted?	
  



Thank	
  you	
  for	
  listening!	
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CI	
  Simula;on	
  
Thanks	
  
Sterling!	
  

•  15-­‐channel	
  vocoder	
  (≈	
  Litvak,	
  2007)	
  

•  Test	
  Materials	
  
– Single	
  Tones	
  
– 5-­‐Tone	
  Pa{erns	
  
– Nursery	
  Rhyme	
  Melodies	
  

•  (with	
  and	
  without	
  lyrics)	
  
– Selected	
  Popular	
  Songs	
  



Tes;ng	
  Procedure	
  

1.  Acclima;za;on	
  Period	
  
–  Get	
  used	
  to	
  the	
  
processed	
  signal	
  

2.  CI	
  condi;on	
  
–  Popular	
  Songs	
  
–  Single	
  Tones	
  
–  5-­‐Tone	
  Pa{erns	
  
–  Nursery	
  Rhyme	
  
Melodies	
  without	
  lyrics	
  

–  Nursery	
  Rhyme	
  
Melodies	
  with	
  lyrics	
  

3.  Normal	
  condi;on	
  
–  Single	
  Tones	
  
–  5-­‐Tone	
  Pa{erns	
  
–  Nursery	
  Rhyme	
  
Melodies	
  without	
  lyrics	
  

–  Nursery	
  Rhyme	
  
Melodies	
  with	
  lyrics	
  

–  Popular	
  Songs	
  

•  Always	
  sing	
  “na”	
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