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Introduction

Due to technical progress, cochlear implant (Ct) us
ers have improved their speech perception in quiet.
Nevertheless, speech recognition in noisy environ-
ments still remains challenging. Poor perception in
noise is mainly due to the Cls’ inability to encqateh
as well as to the restricted resolution of specteah-
poral and amplitude cues. These aspects are ofrimpo
tant relevance with regard to the so called “Infarm
tional Masking, (IM)".

IM corresponds to the problem of understanding
target speech in the simultaneous presentation of a
masking speech signal. Stickney et al (2004) exadin
cochlear implant speech recognition with speechkmas
ers to determine if Cl users are able to segregaie
peting speech stimuli and thus experience a reatucti
in informational masking. The study revealed that a
release from masking could not be found even when
the single-talker masker differed from the target
speaker. The present study aims to examine to what
extent Cochlear Implant (Cl) users are able to unde
stand a target signal if it is masked with a sianudt-
ously presented speech masker differing in fundamen
tal frequency Af0) and in target-to-masker ratio
(TMR).

In contrast to the study of Stickney et al (2004pw
used natural utterances differing in several speake
characteristics the present study is based oricatif
modifications of f0. Thus, other voice cues remdine
unchanged and do not play a role in the data delliec

It is hypothesized that with the addition of difat
parameters (f0 and TMR) a release from masking oc-
curs which vyields improved perception of the target
talker in Cl-users.

Methods and Subjects

Stimuli were derived from the German Oldenburg-
sentence-test (OlSa) (Wagener et al.,, 1999a-c). The
OlSa presents nonsense — phrases such as “Steflan ma
acht nasse Sessel”. An important advantage of t8a O
in view of IM is that a keyword can be defined ier
to assign the target sentences. In this case the na
“Stefan” was chosen as a keyword. In contrast, the
masker sentences contained randomly selected words
other than in the target sentence.

With a pitch-synchronous overlap and add
(PSOLA) algorithm used in the software package
‘Praat’ (Boersma et al., 1996) the original maléceo
was modified with respect to the fundamental fre-
quency (f0). For the sentences fO was manipulated
within 20 Hz steps, yielding a range from 100 Hz to
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180 Hz. Further, target-to-masker ratios (TMR) with
5 dB steps were introduced covering a span fror80 d
to 20 dB TMR.

The target and masker sentences were superim-
posed and the following three conditions were teste
(1) Target and masker sentence with difference®,in
(2) target and masker sentence with differences in
TMR and (3) the combined modification of both pa-
rameters.

For each condition 4 test lists with 15 sentence
pairs were presented. All conditions were tested in
randomized order. Prior to the test, two lists @fskén-
tences each were presented in quiet so that sabject
could familiarize with the procedure and the testan
rial. Further, to get used the specific demands of IM
one training list of 20 sentence pairs was presente

Signals were presented over a single loudspeaker
with 0 azimuth at 70 dB SPL in a sound proofed boot

The requirement to participate in the study was a
speech intelligibility of 100% in quiet tested wittthe
OlSa. Subjects were six postlingually deafened tadul
Cl-recipients with an average age of 50 years @9-6
years) and a control group of six normal heariatgh-
ers (NL) with an average age of 45 years (27-63s)ea

Results

Fig.1 shows percent correct scores for speech-intel
ligibility as a function of the TMR for the diffenees
in fO for NLs and Cl-users.

For the normal listeners, a Wilcoxon's matched
pairs test indicated significant differences fog #ame
talker condition and the remaining fO alterations
(p < 0.05). A ceiling effect occurred from 40 Hfeli-
ence upwards. The TMR showed the same pattern.
Significant difference could be shown between 0 dB
and all other TMRs (p < 0.05). Due to the ceilifg e
fects no statement could be made about the combina-
tion of f0 and TMR.

In the Cl-users the Wilcoxon test indicated no sig-
nificant differences (p > 0.05) at 0 dB TMR with-re
spect to alterations in f0. In contrast, the TMRwhd
significant differences (p < 0.05) between 0 dB alid
other TMRs as well as between 5 dB and the remginin
TMRs for all conditions. A significant differencewud
also be measured between 10 dB TMR and 20 dB
TMR in all conditions.From 15 dB upwards a ceiling
effect occurred. The combination of f0 and TMR indi
cated an additional effect at 5 dB (p < 0.05) bet@e
Hz and 60 Hz and between 0 Hz and 80 Hz difference.
All other comparisons revealed non-significant etfe



8" EFAS Congress / 1bCongress of the German Society of Audiology

speech intelligibility for NL

100%

speech intelligibility for Cl-users

TMRin dB

AfO 80% AfO
——0Hz —-0H:

60% 20| 60% 8201

' 4/ A AHL) o - A 40HZ

- 60 « % 60+

a%¥

o =X 80 Hg % % 80 Ha

20% 20%
0% : : ‘ 0% ‘ ‘ ‘ ‘
0 5 10 15 20 0 5 10 15 2 2%

TMR [dB]

Figure 1: Percent correct scores for both subject groups as a function of TMR and f0. Left panel: normal listeners,

right panel: Cl-users

Discussion

This study investigated Cl-users’ ability to under-
stand speech whilst a competing talker was presmht
evaluated a release from masking due to differ@st f
and TMRs. The results for NL shown in Fig. 1 reeeal
significant improvement for the smallest differerine
fO as well as the smallest TMR. Ceiling effects oc-
curred for larger changes in both parameters.dtudy
by Brungart (2000) performed with normal hearing
listeners effects of IM were similar. Pitch diffames
as well as level differences had an influence on pe
formance whereas the TMRs dominated speech intelli-
gibility and caused the greater release from maskin

In contrast, our experiments show that Cl-recigent
are not able to separate two competing talkers with
alterations based only on f0. The explanation Fis t
are the restrictions in signal processing of tharéh-
tioned before. However, there is a clear beneditnfr
changes in TMR. The combination of both factors
revealed improved speech intelligibility only atdB
TMR (Fig. 1, right panel). Larger TMRs dominate
speech perception whereas the influence of fO de-
creases.

Regarding our hypothesis it is clear that, in casttr
to NL, Cl-recipients benefit from improved TMR but
hardly obtain any release from masking with diffeére
fundamental frequencies of the competing talkers.
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