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The purpose of this study was to explore the potential advantages, both theoretical and applied, of
preserving low-frequency acoustic hearing in cochlear implant patients. Several hypotheses are
presented that predict that residual low-frequency acoustic hearing along with electric stimulation
for high frequencies will provide an advantage over traditional long-electrode cochlear implants for
the recognition of speech in competing backgrounds. A simulation experiment in normal-hearing
subjects demonstrated a clear advantage for preserving low-frequency residual acoustic hearing for
speech recognition in a background of other talkers, but not in steady noise. Three subjects with an
implanted “short-electrode” cochlear implant and preserved low-frequency acoustic hearing were
also tested on speech recognition in the same competing backgrounds and compared to a larger
group of traditional cochlear implant users. Each of the three short-electrode subjects performed
better than any of the traditional long-electrode implant subjects for speech recognition in a
background of other talkers, but not in steady noise, in general agreement with the simulation
studies. When compared to a subgroup of traditional implant users matched according to speech
recognition ability in quiet, the short-electrode patients showed a 9-dB advantage in the multitalker
background. These experiments provide strong preliminary support for retaining residual
low-frequency acoustic hearing in cochlear implant patients. The results are consistent with the idea
that better perception of voice pitch, which can aid in separating voices in a background of other
talkers, was responsible for this advantage. 2@04 Acoustical Society of America.
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I. INTRODUCTION tation for understanding speech in quiet for the most
successful implant userd-ishmanet al, 1998. However,
For many people with severe and profound hearingnderstanding speech in background noise requires spectral
losses, cochlear implants have restored speech understandigo|ution even finer than that required to understand speech
to remarkable performance levels that acoustic amplificatior, quiet (Fu et al, 1998. Even the most successful implant

via hearing aids was unable to provide. However, the deci;, o« only realize perhaps 6—8 channels of distinct “place—

sion to undergq |mp,lant§1t|on surgery mvolyes some tradefrequency" information across the entire spectral range, and
offs, as the patients’ residual acoustic hearing is no long

X . N : Cthis deficit in spectral resolution has a direct negative conse-
usable, and only electric stimulation is available. For ex-

ample, many users of cochlear implants report that the pe|.quence on the im.plant. patients’ ability to understand speech
ception of sound becomes “mechanical” or “raspy” when !N background noiséFriesenet al, 2003.

compared to their memories of acoustic hearing, and that A recent development in cochlear implants has been to
many of the aesthetic qualities of sound are diminished. Thi#TPlant an electrode only partially into the cochlea, in order
loss of aesthetic quality of sound is most likely related to a0 preserve the residual acoustic hearing that many patients
decrease in the ability to perceive the pitches of soundstill have for low frequencie¢von llberget al, 1999; Gantz
(Gfeller et al., 2002. The loss of pitch perception is prima- and Turner, 2008 In these patients, usable acoustic hearing
rily a consequence of the limited spectral resolution of curds usually present up to frequencies of 500 or 750 Hz, and the
rent cochlear implants, which does not appear to be a limielectrical stimulation provides the patient with high-
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frequency speech information. Thus, these patients perceiveaditional cochlear implants. Some support for this concept
sound via a “combined acoustic and electric” {/£) mode. has been demonstrated by Koeigal. (2003, who found that

In addition to the possibility that preserving residual acousticcochlear implant users showed improved speech recognition
hearing may have for the aesthetic qualities of sound, it i$n a competing-talker background when they were allowed to
also possible that preserving residual hearing may contributese their low-frequency acoustic hearing in the contralateral
to better speech recognition in background noise. ear, even though the contralateral ear by itself was not ca-

There are several mechanisms by which the preservepable of any speech recognition.
residual low-frequency hearing might improve speech under- If the improved pitch perception of residual low-
standing in noise as compared to the traditional full-lengthfrequency hearing could be used by the listener to “separate”
(long) cochlear implant. The low-frequency residual acousticvarious voices via fundamental frequency, then the patient
hearing presumably has better spectral resolution than th@ay experience improved speech understanding in multi-
low-frequency portion of a traditional cochlear implant. talker backgrounds. Different fundamental frequencies assist
Henry and Turne(2003a showed that normal-hearing lis- the listener to “group” the various upper-frequency compo-
teners could resolve spectral ripples nearly an order of magients of speech and therefore improve recognition of the
nitude more closely spaced in frequency than cochlear imtarget voice (Assmann, 1999 Brokx and Nooteboom
plant users. Although the presence of sensorineural hearird982, Assmann and Summerfie(d990, Culling and Dar-
loss typically might decrease spectral resolution compared t#/in, (1993 and Bird and Darwin(1999 have shown the
normal hearing, patients with sensorineural hearing loss stilmportance of the fundamental frequency cue for the separa-
had better spectral resolution than that provided by a typicdion of simultaneous voices in normal-hearing listeners.
long-electrode cochlear implafitlenry and Turner, 2003b  However, several studies have indicated that traditional co-
This advantage in spectral resolution might provide a relativéchlear implant users have difficulty in perceiving the funda-
benefit in perceiving the spectral features of speech soundg)ental frequency of signals for frequencies greater than 200
particularly when presented in noise. On the other handiiz. This is due to the fact that place—frequency cues for the
many of the features of speech that depend upon spectrfindamental are generally po@ue to poor spectral resolu-
resolution(i.e., place of articulationare located in the higher tion), and envelopétempora) cues for the fundamental are
frequency regions of the spectrum, and |0W_frequency reonly salient at the lower frequencié@eurts and Wouters,
sidual hearing therefore may not be of much assistance. 2001; Greeret al, 2002.

Another way in which residual acoustic hearing might ~ The present experiments investigate the possibility that
be helpful to the implant listener would be when Speechresidual low-frequency acoustic hearing can provide benefits
recognition is tested in a background of multiple talkers.for speech understanding in background noises. Two differ-
Whereas most normal-hearing listeners can often perform &1t background conditions were employed, speech-shaped
well or better when listening in fluctuating backgrounds ofSteady noise and competing tglkers, in order to d|st|ngu|§h
other talkers as compared to steady noises, implant useRgtween the several hypothesized advantages of preserving
usually perform more poorly under these circumstances. Nefesidual hearing. A simple improvement due to increased
sonet al. (2003 found that cochlear implant users have Cor1_spectral_resolutlon of spe_zech features should occur equally in
siderable difficulty in recognizing speech in modulated-noise?0th noise and competing-talker backgrounds, whereas an
maskers. Their study also demonstrated, by presenting spefProvement that is due specifically to an advantage in the
trally limited speech to normal-hearing listenéts simulate ~ Perception of the voice pitch would be expected to appear
cochlear implant processinghat the reduced spectral reso- MOSt strongly in the multiple-talker background. The first
lution was responsible for the problems that implant user§XPeriment employs simulations of cochlear implant pro-
experience in fluctuating backgrounds. Qin and Oxenhan§SSing(both traditional or long-electrode, and the “com-
(2003 demonstrated that even with 24 channels of frequency?in€d acoustic and electric” or AE approach The second

resolution provided to normal-hearing listeners in a simula£XPeriment uses the same measures of speech understanding

tion of cochlear implant speech, performance was poorel’ backgrounds for two groups of actual patients using either

than for unprocessed speech in a background of a competirjfbaditio_nal Iong-elec_tro_de cochlear implants or the combined
talker. Stickneyet al. (2003 reported that traditional co- 2coustic plus electric implantse., A+E).

chlear implant users showed no advantage in recognizin

speech presented with a competing talker as compared ﬁ) EXPERIMENT 1: SIMULATIONS IN NORMAL-

steady noise. These studies attribute their findings to the fadiEARING LISTENERS

that the cochlear implant listeners could not gain an advanA. Subjects

tage(as normal-hearing listeners didy perceiving the dif-
ferent pitches of the talkers. Dormanal. (1996 as well as
Gfeller et al. (2002 have shown that cochlear implant users
have great difficulty in distinguishing the pitches of tones,
with frequency difference limens for low-frequency tones
approaching 100 Hz in some cases. Thus, preserving low-
frequency acoustic hearing for cochlear implant patient
might, in such cases, lead to an advantage in speech under- The task for the listeners was to identify a sponte®-
standing in a background of other talkers, as compared teyllablg) word spoken by a female talker in the presence of a

15 young-adult listeners participated in this experiment.
All had hearing within 20 dB of the normal standards at
octave audiometric frequenci€3.25-8.0 kHx and were na-
tive speakers of American English.

. Stimuli and procedures
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background sound. The 12 spondee items were homogeneoigse consisted of the entire upper 13 chanratsl part of the
in difficulty and were digitized from a commercial recording 14th channegl of the electric simulation mixed with the
(Harris, 199). The fundamental frequency of the spondeeacoustic signal below 500 Hz. The background sigfradése
items ranged from 212-250 Hz. The spondees ranged in daénd competing talkerwere processed separately from the
ration from 1.12 to 1.63 s. For each presentation, the spondespondees, and were then combined following the appropriate
was chosen randomly from the set of 12. Following eachattenuation values to obtain the desired signal-to-n(séH)
presentation, the listener responded on a touch screen witatio, expressed in the rms average value of the spondee and
the spondee that they thought had been presented. The ligie background.
teners were required to respond on each trial, and instructed Prior to any speech in noise testing, each subject partici-
to guess if they were not sure of the correct answer. Th@ated in one or more practice runs to familiarize them with
nontest ear was plugged during the testing. the spondees and the responses. In this practice run, the
Two different backgrounds were employed. Thespondees were presented without any background noise. All
competing-talker condition consisted of two simultaneouslysubjects were able to recognize the spondees at 100% accu-
presented sentences originally recorded as items on the SPIRCcy following these practice sessions.
test(Bilger, 1984. One background talker was a mafan- All signals were presented via a loudspeaker in sound
damental frequency rang81-106 Hz and the other a fe- field, and the spondees were presented at an average level of
male (fundamental frequency range 149-277)Hrhis fe- 68 dB SPL. Both target spondees and backgrounds were
male talker was not the same talker who produced th&tored on a Macintosh G4 computer and output through sepa-
spondee. The two background voices were mixed together & te channels of a DigiDesign 16-bit digital-to-analog con-
equal rms amplitudes. The same mixed-sentence backgroun@rter. The level of the background was controlled by a TDT
was presented on each trial. The other background conditioBrogrammable attenuator. An adaptive procedure was then
was a steady-state white noise that had been low-pass filteré$ed to determine the 50%-correct poiit terms of S/N
at —12 dB/octave above 400 Hz, to generally simulate theatio) for recognition of the spondees in noi¢8RT). The
long-term speech spectrum. The same sample of noise backPondees were initially presented at a signal-to-noise ratio of
ground was presented on each trial. The spectra of th@ither +10 or +20 dB (depending upon the conditigirthis
competing-talker background and the steady noise were n@llowed the listener to easily identify the target voice and
matched; the competing-talker spectrum contained considefécognize the spondees of the first few trials. For each cor-
ably more spectral peaks and valleys than the steady noiskeCt response the S/N ratio was decreased by 2 dB and for
The competing background signal duratidhsth sentences each incorrect response the S/N ratio was increased by 2 dB.
and nois¢ were 2.5 s, and the onset of the target spondegor a single run this procedure continued until 14 reversals
was 500 ms following the onset of the background signal. had occurred anq the final value for that run was taken as the
The spondees and the backgrounds were presented fiyerage of the final ten reversals. Each subject completed
three conditions. The first was an unprocessed conditiofPur runs in each condition, and their final data for that con-
which consisted of the unprocessed speech spondee and fiéion were taken as the average of the last three runs. Each
unprocessed background. The second condition was a simguPject completed all four runs of a condition before pro-
lation of a 16-channel cochlear implant, implemented by us9réssing to another cor_1d|t|on. The order of conditions was
ing the temporal speech envelope within each frequencj@ndomized across subjects.
channel to modulate a corresponding narrow frequency band
of noise. Both the target spondees and the background nois&s
were processed. This general technique has been used to Figure 1 displays the results averaged across subjects of
simulate cochlear implant speech in numerous studies  experiment 1. The SRT in noige dB S/N ratig is plotted
Shannoret al, 1995 and has been shown to provide a goodas a function of the three processing conditions. It is clear
approximation of the theoretical maximum performance ofthat there are large differences between three processing con-
cochlear implant patients for a given degree of frequencylitions when the background is composed of competing talk-
resolution(Fishmanet al, 1998. The current procedure was ers, whereas the differences between processing conditions
implemented using routines written MATLAB , and the spe- are smaller or nonexistent for the noise background. The
cifics for this 16-channel simulation are described in detail ingeneral finding of improved speech recognition in a back-
Henry and Turnef20033a. The third condition was designed ground of voices for unprocessed speech over spectrally lim-
to simulate the short-electrode “acoustic plus electric” (A ited speech is in agreement with past res((@m and Oxen-
+E) situation. The unprocessed spondees and backgrountlam, 2003. The present results differ slightly from that of
were each low-pass filtered at 500 Hz using—24-dB/  Qin and Oxenhani2003 for the case of a steady noise back-
octave digital filtering algorithm. The 16-channel simulationsground. In their study, unprocessed speech yielded SRTs that
of the spondees and backgrounds were high-pass filtered aere 5.5 dB better than 24-channel processed speech,
500 Hz, using a similar digital filtering algorithm at24  whereas in our study the improvement for unprocessed
dB/octave. These low-pass unprocessed and correspondispeech over 16-channel speech was 2.2(wBich was not
high-pass implant simulations were then combined to yieldignifican). Perhaps differences in the specific speech mate-
the A+E condition, which had the same relative balancerials and maskers account for this discrepancy.
between the low- and high-frequency portions of the spec- The comparison of particular interest for this study was
trum as the unprocessed speech. TheseEAstimuli there-  to determine if supplementing the cochlear implant speech

Results and discussion
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10 ' » . implant and its associated speech processor. They were
tested using their own speech-processor maps and strategies
—e—Noise (12 used the ACE strategy, 3 used the CIS strategy, and 5
0 | ~F-Compsting Talkers 1 used the SPEAK strateggyEach had been using an implant
for at least 24 months.
The A+E group consisted of three patients implanted
] with the lowa/Nucleus Hybrid 10-mm short-electrode device
(Gantz and Turner, 2003These patients were the first three
patients to receive the 10-mm electrode and each had been
] wearing the device for at least 12 months prior to the data
collection, and their data for speech recognition in quiet and
in noise were no longer improving over time. Two of these
three A+ E subjects wore hearing aids in their test ear that
were fit to amplify the low-frequency portion of the spectrum
(unaided thresholds of the two subjects with hearing aids for
frequencies of 500 Hz and below were 60—65-dB HL and
FIG. 1. Groyp mean SRT values for the acoustic simulatiqns presented tfheir aided thresholds were 40-dB HL or belteFhe third
normal-hearing listeners in the two types of background stimuli. The error . . . . . .
bars represent the standard deviations across subjects for each condition T E subject did not require a hearing aid to amplify low-
frequency hearingpure-tone thresholds of 20—25-dB HL for
500 Hz and below The short-electrode cochlear implant
. . ._stimulated 6 channels in the basal end of the cochlea, using a
be used to improve some of the advantage in competin

talkers that is lost to traditional cochlear implant users. The IS processing strqtegy. The cochlear 'mp I_ant. frequency
maps that these patients found most beneficial in everyday

SRT in competing talkers for unprocessed speech Wal?fe were also used in this study. For two of the subjdtte

—28.6. dB, as compared te-15.1 dB for the 16-channel : "
. B . . ones who used hearing ajdbe frequency range assigned to
simulation; this was a 13.5-dB disadvantage for the simu- . .
. " these electrodes was 1062—-7937 Hz. For the third subject,
lated implant speech. The addition of low-frequency unproc-

essed speech to the simulation reduced this di:~:advantage3.?%e frequencies assigned to the implant were 6875187 Hz.

. . .~ The hybrid system improved consonant recognition for this
8.6 dB. In steady noise, the differences between processin : . 7 .
o . g?roup approximately 40% over the hearing-aid-only condi-
conditions were less than 2.5 dB for all comparisons. Atwo-tion (Gantz and Tumner, 2003
way ANOVA was performed on the data for thetA& and '
16-channel conditions for both noise and competing-talker

backgrounds. Both main effects were significézandition; ~ B- Stimuli and procedures

F=5.40, d=1,56; p=0.0024; backgroundF=17.75, df The stimuli for experiment 2 were the same natea-
=1,56,p=0.0001). Of interest is the significant interaction processedspondees and backgrounds as used in one of the
between the two main effectsFE6.58, d=1,56 p  conditions in experiment 1. The nonimplant ear for all sub-
=0.013), which indicates that an advantage was seen ifects was plugged during testing. Cochlear implant users lis-
competing talkers over noise for thetAZ condition as com-  tened to the spondees presented in background signals
pared to the 16-channel condition, but not for the noise bathhrough their everyday speech processor. TheEAsubjects
ground condition. The lack of advantage for maintainingjistened to the stimuli using their cochlear implant speech
low-frequency acoustic hearing in noise suggests that presrocessor and their acoustic hearighich for two of them
sumably improved spectral resolution for acoustic low fre-jncjuded the use of an in-the-ear hearing aid in the test ear
quenciedas compared to 16-channel processed spems  The spondees were presented at 68 dB SPL. During the prac-
not result in an improvement in speech recognition in gentice sessions the subjects were allowed to adjust the output
eral, consistent with the idea that low-frequency speech cuggyels of their devices. The practice sessions revealed that all
are not particularly dependent upon fine spectral resolutior]mp|am users, except for the two poorest-performing tradi-
One possibility is that the improved spectral resolution in thejonal electrode subjects, could identify 100% of the spond-
low frequencies presumably leads to the ability to use pitchees in quiet. The two poorest-performing long-electrode im-
information to separate talkers in a multiple speaker situap|ant users could only identify approximately 80% of the
tion. Thus, the simulation experiments provide evidence thapondees in quiet. All implant users completed at least four
residual low-frequency acoustic hearing can provide an adns of the adaptive SRT procedure in each of the two back-
vantage for speech recogpnition in a background of other talkyround conditions, and data were collected until at least three
ers. runs showed no improvement over time. The final result was
taken as the average of the final three runs.

-10

SRT (dB)

25 |

-30

Unprocessed 16-channel A+E
Processing Type

with natural low-frequency acoustic hearing {4A&) could

IIl. EXPERIMENT 2
A. Subjects C. Results and discussion

The subjects for experiment 2 were adult users of co- The mean data for the two groufeng-electrode vs A
chlear implants. The traditional “long-electrode” group con- +E) across the two background conditions are displayed in
sisted of 20 patients, each using the Nucleus 24 cochledfig. 2. The most obvious difference between both types of
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electrode array. This frequency—place mismatch has been

shown to negatively affect speech recognition in combined

acoustic and electric heariri@antz and Turner, 2003; Birill

] et al, 200)

i A question of considerable clinical utility is whether the

A+E approach offers an advantage over the traditional im-

plant, as suggested by the simulation study of experiment 1.

-5 . As seen in Fig. 2, the mean SRTs for the- & subjects were

2 | AN e | lower than that of the traditional implant user, for both noise

and competing-talker backgrounds. Statistical analysis of

25 1 these data using a mixed-mode ANOVA, with background as

30 ‘ , a within-subjects factor and implant type as a between-
Long A+E subjects factor, showed a significant interaction between type

Implant Group of implant and background conditior & 18.85,d=1,21;p

_ <0.001). Follow-upt-tests indicated that the differences be-
FIG. 2. Group mean SRT values for the two groups of cochlear mplan&

listeners in the two types of background stimuli. The long-electrode groupween groups occurred Only for the competlng—talker andl-

consists of all 20 long-electrode subjects. The error bars represent the staion [t1(21)=2.63p<<0.01] and not for the steady noise

dard deviations across subjects for each condition. [t(21)=1.18;p>0.10]. These results were in agreement
with the outcome of the simulation experiment. The variabil-

cochlear implant users of Fig. 2 and the normal-hearing lislty 8cross subjects is displayed in detail in Figs. 4 and 5 and
teners of Fig. Alistening to the same unprocessed stimigli ~ discussed below.
that the implant users perform much more poorly than the ~ The group of 20 long-implant users included a wide
normals. In steady noise, normal-hearing subjects’ SRT’s arg2nge of speech recognition abilities, as is typical for a co-
approximately—15 dB SNR, whereas the implant users areChlear implant subject pool. Recognition scores on a test of
approximately 15 dB poorer. In the competing-talker back-consonant /aCa/ materials presented in q(Tetner et al,
ground, the difference is more striking, with normal-hearing1995, Fuet al, 1998 ranged from 13% to 74%, with a group
listeners outperforming the traditional implant users by morenean of 47%. The three AE subjects had a mean score on
than 30 dB, and the AE users by 20 dB for unprocessed this same consonant test of 63% corrgenge 53%-71%
stimuli. Even the 16-channel cochlear implant simulationlt therefore appears that the long-electrode cochlear implant
group mean data from the normal-hearing subjé¢Etg. 1) patients in the previous comparison were not only poorer
are approximately 15 dB better than those of the actual imthan the A-E patients for speech in background noises, but
plant users for both steady noise and competing-talker bacl&lso poorer for speech recognition in general. This discrep-
grounds. ancy could confound the across-subjects comparisons of Fig.
There are at least several factors contributing to thi?, if one is looking for real-patient evidence to support the
deficit. First is the general inability of implant users to per-theoretical concept that preserving residual low-frequency
form well in noise backgrounds, as shown by Eual. acoustic hearing is advantageous. Therefore, the long-
(1998 and Frieseret al. (2001). Typical cochlear implant implant patients were subdivided to form a smaller subgroup
users do not possess the spectral resolution required to acc@f- subjects that had, on average, the same speech scores in
rately identify speech in noise, and even the 16-channejuiet as the A-E subjects. Beginning with the top-
simulation condition in the present experiment overestimateperforming long-implant user on the /aCa/ test and moving
the spectral resolution of probably all cochlear implant usersdownward in ability, additional subjects were added to form
A second reason is the particular disadvantage that cochlear “matched subgroup” until the mean value for the long-
implant users show in understanding speech in a competingmplant group was within 1 percentage point of the mean for
talker background, as shown by Nelsenal. (2003 and the A+E group(63%). This matched group contained 10 of
Stickneyet al. (2003. A third reason is that implant patients the original 20 subjects. The group mean results of this com-
typically do not have a full population of surviving auditory parison are shown in Fig. 3. As in Fig. 2, the mean values for
nerves, and this can result in a general disadvantage ithe A+E group are better than the “matched” long-implant
speech recognitiofeven in quiek for electric stimulation as group for the competing-talker conditid®-dB advantage
compared to normal-hearing listenéFsshmanet al, 1999.  This group comparison was in the same pattern as the previ-
The A+ E patients also showed a deficit compared to theous all-subjects comparison. Using a mixed-mode ANOVA,
normal-hearing subjects of experiment 1, and several addiwvith background as a within-subjects factor and implant type
tional factors most likely contributed to this difference. Theas a between-subjects factor, a significant interaction be-
A+ E subjects received only 6 channels of electrical stimuiween type of implant and background condition was ob-
lation for the high frequencies, whereas the normal-hearingerved £=20.76,dF1,11p=0.001). Follow-upt-tests in-
subjects had much better spectral resolutiemen in the dicated that the two groups were not different for steady
simulation which had 13-14 channglén additional factor noise [t(11)=0.89;p>0.5], but were different for the
may be that the electric stimulation for thetA patients is  competing-talker background(11)=1.84;p<0.05]. Thus,
directed to a position in the cochlea that is considerably moreven when differences in speech recognition in quiet are ac-
basal than normal, due to the 10-mm insertion depth of theounted for, the A E approach appears to offer a significant

10 L -
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FIG. 3. Group mean SRT values for the two groups of cochlear implant
listeners in the two types of background stimuli. The long-electrode grougFIG. 5. Individual cochlear implant listener’ SRT values for the condition
consists of the ten long-electrode subjects matched to the short-electrodehere the background was competing talkers.
subjects in terms of consonant recognition in quiet abilities. The error bars
represent the standard deviations across subjects for each condition. . .
P ) derstanding speech in a background of other talkers, but not

in steady noise.

a_ldvantage over the long-electrode cochlear implant in a mu'l'\/. GENERAL DISCUSSION
titalker background.

Figures 4 and 5 display in histogram format the indi-  Theoretical advantages of preserving low-frequency
vidual data for the traditional implant users and the- &  acoustic hearing in cochlear implant patients for understand-
subjects for the noise and competing-talker backgrounds, ré2g speech in background noises were presented. A simula-
spectively. The A E subjects are indicated by the dark solid tion experiment using normal-hearing subjects provided
bars, the members of the matched group of long-electrodelear evidence that providing unprocessed low-frequency
implant users by the hatched bars, and the remaining longcoustic speech information yielded an advantage for the
electrode implant users by the open bars. In Fig. 4, the SR¥ondition that the background is composed of competing
scores in the steady noise are shown. The Asubjects’ speech. For the present speech and masking stimuli, only a
data are at the upper end of the entire distribution; howevesmall and nonsignificant advantage was observed for steady
when compared only to the matched group, their scores argoise. These results are in agreement with the idea that the
not distinguished. In Fig. 5, the data for speech in theow-frequency acoustic hearing allows the listener to per-
competing-talker background are plotted. In this case, nogeive the fundamental frequencies of the talkers and assists
only are the ArE scores at the upper end of the entire dis-in separating the target speech from a background of other
tribution, they are also better than any of the matchedalkers. The same task was employed in a group of tradi-
group’s scores. These raw data also provide strong prelimiional long-electrode cochlear implant users, as well as three
nary support to the idea that preserving acoustic hearing igubjects using the acoustic plus electric approach that em-

cochlear implant patients can provide an advantage for uriPloys a “short-electrode” cochlear implant, which preserves
low-frequency acoustic hearing. The acoustic plus electric

approach shows significant advantages over the long-
‘T T electrode cochlear implant for the recognition of speech in
multitalker backgrounds, but not in steady noise, similar to
[ Long-Elsctrode (Noise) the simulation study. While the recognition of speech pre-
3 | 5 Q;&éﬁ?ﬂﬁ)g Nose) ] sented in a background of competing talkers for both groups

of cochlear implant patients was certainly poorer than that
observed for normal-hearing listeners, the preservation of
low-frequency acoustic hearing using the acoustic plus elec-
tric device can reduce at least some of the deficit seen for
traditional long-electrode cochlear implant users.

Number of Cases
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