
Introduction M eth ods  (continued)M eth ods
• Individuals w ith  re s idual h earing re stricted to low  
fre q uencie s  are  candidate s  for electric-acoustic 
stim ulation (EAS). 

• W h en low -fre q uency acoustic inform ation is  added to 
e ith e r real or s im ulated h igh -fre q uency electric 
stim ulation, spe ech  recognition often im proves  
dram atically. 

• Th is  m ay reflect th e  availability of fundam ental 
fre q uency (f0) inform ation in th e  acoustic region.

  »  

General Fram ew ork  &  Rationale
• In s im ulated EAS, w e  replaced th e  low -pas s  spe ech  
w ith  a tone h aving a fre q uency e q ual to th at of th e  
target talk er's  m ean fundam ental (184 H z). 

• By applying to th e  tone th e  dynam ic ch ange s  in f0, th e  
am plitude  envelope of th e  low -pas s  spe ech , or both , w e  
w ere  able to as s e s s  th e  relative contributions  of each  
cue  to intelligibility.

• If EAS benefit can be  dem onstrated w ith  a low -
fre q uency tone carrying f0 (and/or th e  am plitude  
envelope), it is  pos s ible th at im paired listeners  w ith  
e specially elevated low -fre q uency th re s h olds  could 
benefit m ore  from  th e  tonal cue th an from  spe ech  its elf 
becaus e  it m ay be  eas ie r to m ak e  th e  entire  narrow  band 
cue  m ore  audible th an th e  broader band spe ech .

• 25 individuals w ith  norm al h earing participated.

• Prior to te sting, th e  dynam ic ch ange s  in th e  fem ale 
target talk er's  f0 w ere  extracted us ing th e  YIN 
algorith m 1. Voicing ons et/offs et inform ation w as  also 
extracted. 

• Electric listening w as  s im ulated us ing a 4-ch annel 
vocoder th at em ployed s inusoidal carrie rs . Th e  
contiguous  bands  w ere  e q ually spaced along a log scale 
betw e en 750 and 5500 H z.

• 4 back grounds  w ere  us ed: a different fem ale talk er, a 
m ale talk er, 4-talk er babble, and spe ech -s h aped nois e . 

• Each  back ground w as  com bined w ith  th e  target at a 
s ignal-to-nois e  ratio of + 10 dB, and w as  pre s ented only 
in th e  vocoder region.

• Th e  stim ulus in th e  low -fre q uency region w as  e ith e r 
low -pas s  spe ech  (500-H z cutoff) or a 184-H z carrie r 
tone . Voicing w as  alw ays  applied to th e  tone . 

• Th e  tone w as  unm odulated (except for voicing) and 
pre s ented at th e  target talk er's  m ean f0 (f0m ), or 
m odulated e ith e r in fre q uency w ith  th e  extracted f0 
(f0), in am plitude  w ith  th e  am plitude  envelope of th e  
500-H z low -pas s  spe ech  (f0m -env), or both  in 
fre q uency and am plitude  (f0-env).
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• Th e  pattern of re sults  w as  s im ilar acros s  back grounds . 

• Th e  f0 and envelope cue s  each  provided rough ly 20 
percentage points  of im provem ent over vocoder alone .

• Com bining th e  tw o cue s  provided an average of about 
30 percentage points  of im provem ent.

Discus s ion
• A tone th at track s  f0 can be  com bined w ith  s im ulated 
electric stim ulation in norm al-h earing listeners  to ye ild 
substantial benefit in intelligibility.

• Th e  am plitude  envelope provide s  additional benefit.

• Individuals w ith  s everely re stricted re s idual h earing 
(w h o are  not current EAS candidate s) m ay stand to 
benefit from  EAS.
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Re sults

• Th e  low -fre q uency cue s  w ere  pre s ented alone as  w ell.

• Fig. 1 depicts  spectrogram s  of th e  4-ch annel vocoder 
com bined w ith  th e  500-H z low -pas s  spe ech  (top-left 
panel) or th e  tone track ing f0 (top-righ t panel). Th e  
bottom  panels s h ow  detailed view s  of th e  low -
fre q uency cue s .
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