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Speech-on-speech perception in adult cochlear implant users:
Benefits from voice differences
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ABSTRACT"

Speech-on-speech perception remains a challenge for many
cochlear implant (CI) users. In normal-hearing listeners,
differences in voice characteristics such as FO and vocal-
tract length (VTL), which indicate age, sex and size of the
speaker, are known to support the segregation of competing
voices. However, previous research indicated that
postlingual adult CI users tend to derive little or no benefit
from voice differences, whereas pediatric CI users do. The
present study aims to shed some light on this discrepancy
by comparing individual voice-difference benefits in
speech-on-speech perception to the performance in other
voice perception tasks in adult CI listeners. Speech-on-
speech perception was evaluated using a coordinate
response measure (CRM) paradigm, where participants
identify a number and color in a target speech stream
competing with a gibberish speech masker. The target voice
was female and the masker voice was either identical, or the
FO and VTL were altered parametrically to create voices
that sounded progressively more male. Individual
performance in this task was compared to FO and VTL
discrimination thresholds as well as voice-gender
categorization performance in the same participants.
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Preliminary results indicate only a weak association
suggesting that speech-on-speech perception depends on
more than voice segregation alone.
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1. INTRODUCTION

A cochlear implant (CI) restores partial hearing to deaf
individuals (e.g. [1]). Speech-on-speech perception — i.e.
target speech presented against a single talker masker —
remains difficult for CI users [2]. Differences in vocal
characteristics can help discriminate the target from the
masker. Fundamental frequency (FO0), which is related to
voice pitch, and vocal-tract length (VTL), which is
correlated with the height of the speaker, have been shown
to be efficient cues for stream segregation in normal-
hearing (NH) listeners [3], [4].

Results on whether CI users can utilize these voice cues
have been mixed, notably because of large variability in the
data [5]-{7]. Using a closed-set test such as the coordinate
response measure (CRM; [8], [9]) may help reduce this
variability [10].

Therefore, the current ongoing exploratory study is
assessing voice-difference benefits for speech-on-speech
perception in CI listeners at various target-to-masker ratios
(TMRs). We further correlated CRM performance with FO
and VTL just-noticeable differences (JNDs), and voice
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gender identification performance that varied voice stimuli
along FO and VTL dimensions.

2. METHODS

Twenty-seven Dutch-speaking CI adult users performed a
CRM test where the participant had to identify the correct
color and number (Figure 1) indicated by the target
sentence in competing gibberish speech masker. The
participants’ age ranged from 21 to 82 (mean: 62.5 years),
and they were users of all three CI brands: MED-EL,
Cochlear and Advanced Bionics (AB). Two participants
were bilaterally implanted, 10 were bimodal users (one ear
CIL other ear hearing aid), and 16 were unilateral CI users.
Participants were tested with loudspeakers and asked to use
their CI daily listening settings together with their usual
non-implanted ear/hearing aids, if applicable (i.e., the non-
implanted ear was not plugged).

The CRM corpus is made of sentences of the form “Show
the dog where the [color] [number] is.” (Fig. 1). The target
speaker was always the same female voice. The gibberish
masker was created by concatenating random segments of
sentences from the same corpus [11]. The masker voice was
constructed from the target female voice, by shifting the FO
and VTL by a number of semitones [(AFO,AVTL): (0,0); (-
6,11.8); and (-12,+3.6)], which correspond to a total voice
change of 0, 6.3 and 12.5 st respectively.

The TMR was set to 0, +6, or +12 dB. A condition without
masker (in quiet) was also presented. The test was
conducted in person using an online interface. The voice
manipulations and gibberish masker generation were
performed on the fly using the WORLD vocoder [12] via a
VTServer [13].

The same participants also performed a JND task, which
was an adaptive three-interval three-alternative forced
choice (3I3AFC) where voice cue differences started at
12 st and progressively decreased or increased depending
on the participant’s responses using a 2-down, 2-up rule
[14]. The stimuli were triplets of consonant-vowel syllables.
In each trial, while the syllables remained the same across
the presentation intervals, the voice cue of one of the triplets
chosen randomly was manipulated to differ from the two
others. The procedure ended after 8 reversals, and the IND
was calculated as the geometric mean over the last 6
reversals.

Finally, the participants also performed a voice gender
categorization task [15]. Four words uttered by a female
speaker were used. In each trial the participant heard one of
these words where the FO and VTL cues had been altered to

forumacusticum 2023

10" Convention of the European Acoustics Association
Turin, Ttaly * 11" — 15" September 2023 ¢ Politecnico di Torino

1858

various degrees in the direction of a male voice, and had to
judge whether the voice was more male or female.
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Figure 1. Online interface of the CRM test, in Dutch.
The digits 7 (“zeven”) and 9 (“negen”) have been
excluded because they contain two syllables. The test
thus has 8 digits and 6 colors. After hearing the
sentence “Laat de hond zien waar de [color] [number]
is”, the participants had to click on the corresponding
cell in the matrix.
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Figure 2. Average proportion correct (both color and
number) across participants as a function of TMR (x-
axis) and voice difference (color).
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3. RESULTS

One participant could not perform the task, even in the
absence of masker, and was excluded from all analyses.
The results were analyzed using a generalized mixed model
(gLMM; binomial distribution, logit link function):

CIA
score ~ tmr * voice + ( 1 | participant ) 0.75 )/“(

1.00

. . ¢ TMR (dB)

The model showed a significant effect of TMR (Figure 2, S . b
[%2(1) = 441, p<0.001]), as well as a significant effect of §os0 s
voice difference (Figure 3, [y2(1)=8.53, p<0.01]), but no s .o
significant interaction [¥2(1)=1.72, p=0.19]; see Fig. 3. L
Despite the interaction not reaching significance, taking 0.25
TMRs individually, the voice difference had no effect for
+12 dB TMR, but did provide significant benefit for lower
TMRs. 0.00
CRM performance was associated with VTL JNDs (TMR 00 63 12.5
0, R=-.55, TMR 6, R =-.61; TMR 12, R = -.48; pir<0.05 Voice difference (st
for all TMRs), while FO JNDs showed no significant Figure 3. Average proportion correct across
correlation with CRM performance (prpr>0.63 for all participants as a function of voice difference (x-axis)
TMRs; see Figure 4). For voice gender categorization, and TMR (color).
however, no significant correlation was observed at any of
the TMRs and for any of the cues (prpr>0.33; see Figure 5).
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Figure 4. Relation between the CRM scores (averaged
across voice conditions) and the voice JNDs.

4. DISCUSSION

While the voice-difference benefit observed in the present
study with adult CI listeners is small, it is clearly significant
even at TMRs as low as 0 dB, where performance could be
discouraging for the participants.

Inter-individual variability remains large despite the close-
set nature of the test. This is consistent with previous
reports of large heterogeneity among CI users [16] and may
also be due in part to the wide age range (spanning 61
years) of participants. However, for most participants there
is a combination of TMR and voice difference that seems
beneficial. This brings the question of how to assess
individual performance variations, e.g. after training.
Moreover, the current dataset contained 2 bilateral and 10
bimodal CI users, possibly further contributing to the spread
in the data.
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Figure 5. Relation between the CRM scores (averaged
across voice conditions) and the weight given to each
voice cue in the voice gender categorization task.

A statistical relationship was found between VTL JNDs and
speech-on-speech performance. This could be an indication
that speech intelligibility and VTL discrimination rely on
partially overlapping mechanisms (e.g. spectral profile
discrimination). On the other hand, this could also suggest
that improving VTL JND thresholds, for example via a
perceptual training, might improve multiple aspects of
speech hearing including speech-on-speech perception.
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