
Introduction M eth od 2M eth od 1 (continued)
• Im plant patients  w h o retain som e  re s idual low -
fre q uency h earing (e ith e r in th e  im planted or th e  
unim planted ear) often s h ow  dram atically im proved 
intelligibility in a com peting back ground due  to th e  
ability to com bine  th e ir electric stim ulation w ith  th e  
low -fre q uency acoustic stim ulation (EAS). 

• In patients  w h o h ave som e  low -fre q uency h earing in 
both  ears , h ow ever, pre s e rving re s idual h earing in th e  
im planted ear (by ins e rting a s h orter electrode  array) 
m ay not be  a priority, becaus e  th e  benefits  of EAS w ill 
be  available to th em  contralaterally. 

• Patients  w ith  low -fre q uency h earing in only one ear 
m ay not benefit from  binaural cue s .

• Pre s e rving re s idual h earing in th e  im planted ear m ay 
provide  interaural difference s  of tim e  (ITDs), a low -
fre q uency binaural cue th at can s ignificantly im prove 
intelligibility in th e  pre s ence  of a spatially s eparated 
m as k e r. 

  »  

M eth od 1
• 25 individuals w ith  norm al h earing participated.

• A 4-ch annel vocoder s im ulated electric stim ulation, 
and w as  pre s ented to th e  left ear. Th e  contiguous  
vocoder bands  w ere  e q ually spaced along a log scale 
betw e en 750 and 5500 H z.

• Low -pas s  (500-H z cutoff) target spe ech  and 
back ground w ere  pre s ented to both  ears .

• Th e  target talk er w as  fem ale, alw ays  at an ITD of 0 µ s .

• Th e  back ground w as  e ith e r a different fem ale talk er, a 
m ale talk er, or spe ech -s h aped nois e . 

• An ITD of e ith e r 0 (spatial im age along m idline) or 
600 µ s  (im age  to th e  righ t) w as  im pos ed on th e  
back ground. 

• Target and back ground w ere  com bined at a -3 dB 
SNR.

• Sym m etrical low -fre q uency h earing los s  w as  
s im ulated by adjusting th e  level of th e  low -pas s  spe ech  
to e ith e r 60, 45, 30, or 15 dB SL (re : q uiet th re s h olds  of 
200-m s  500-H z low -pas s  nois e).
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Re sults  1
 

• Th ere  w as  little im provem ent due  to ITD at 15 dB SL, 
w h ich  is  lik ely due  to th e  overall poor intelligibility.  

• W h en averaged acros s  back ground, im provem ent due  
to ITD w as  11.6 percentage points  at 30 dB SL, 14.7 at 
45 dB SL, and 16.5 at 60 dB SL. Th e  effect of ITD w as  
statistically s ignificant, p<.001.

• Perform ance as  a function of SL appeared to 
asym ptote at 45 dB SL.

• Th e  sam e  proce s s ing and stim uli (fem ale target, 
fem ale back ground) from  experim ent 1 w ere  us ed.

• Asym m etrical low -fre q uency los s  w as  s im ulated by 
fixing th e  level of th e  low -pas s  spe ech  in e ith e r th e  left 
or righ t ear at 60 dB SL, and m anipulating th e  level in 
th e  oppos ite  ear to 50, 40, 30, or 20 dB SL. 

Re sults  2
 

• Th e  effects  of SL and s ide  w ere  not s ignificant.  

• Th e  effect of ITD w as  s ignificant, p<.001, and 
averaged about 13 percentage points  of im provem ent 
acros s  SL.

• Th e  effect of ITD w as  not influenced by SL, p=.9 6.

Discus s ion
• Intelligibility im proved cons istently by 10-20 
percentage points  in s im ulated EAS due  to ITD.

• Th is  effect w as  obs e rved acros s  different 
back grounds , as  w ell as  for s everely asym m etrical 
s im ulated los s e s .

• ITD is  an effective cue  in s im ulated EAS, so long as  
an ade q uate SL is  ach ieved in at least one  ear.




