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Cochlear Implant (CI) listeners can do well when attending to speech in
quiet, yet challenging listening situations are more problematic. Previous
studies have shown that fluctuations in the noise do not yield better speech
recognition scores for CI listeners as they can do for normal hearing (NH)
listeners. The aim of this experiment was to investigate the ability of
simulated CI listeners in a prosodic task, where FO Just Noticeable
Differences (JND) were measured in modulated and stationary background
noise.

A nonsense sentence was created from a recording with durations and
overall contour derived from non-scripted Danish speech. The FO temporal
midpoint of the initial syllable was varied stepwise in semitones.
Competing signals of modulated white noise and speech shaped noise at 0
dB and 12 dB SNR, were added to the tokens prior to 8-channel noise-
excited vocoder processing. Stimuli were presented diotically to 8 NH
listeners in a 2AFC task. A question/statement identification experiment
was also performed. Results from the JND experiment indicate a significant
noise effect for the modulated noise condition at the lower SNR.

INTRODUCTION

It is commonly accepted that CI processing schemes can provide the cues needed for
speech recognition in quiet. Other listening situations are more problematic for CI
listeners, for instance, speech in competing noise. In a study designed to evaluate
the release from masking in fluctuating noise, Nelson et al., (2003) found that
CI listeners and simulated CI listeners performed very poorly in a sentence
identification task, even at favorable signal-to-noise ratios (SNR). They reported that
there was no difference in the identification scores of CI listeners in steady noise and
when noise modulation frequencies were between 2-4 Hz, or those approximately
corresponding to word and syllable rates. Qin and Oxenham (2003) also found no
significant improvement in Speech Reception Threshold (SRT) values between
modulated and steady-state noise maskers in 24, 8 and 4 channel CI simulations.
These studies highlight the deficit in the ability of CI listeners to ’listen in the gaps’
of a temporally modulated masker, an ability that provides release from masking in
NH listeners (Festen and Plomp, 1990; Howard-Jones and Rosen, 1993).
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CI listening can be simulated by processing stimuli with an envelope-excited
vocoder, after which it can be presented to NH listeners. The extracted envelope of
the speech can be modulated with sine wave or noise carriers. The most appropriate
simulation model for studying the perception of FO is the noise vocoder as it
eliminates fine-structure cues that can be preserved in the sine wave vocoder (Souza
and Rosen, 2009). The number of vocoder processing channels has been shown to
be a parameter that impacts on performance. Dorman et al., (1997) found that 8§
channels were necessary to approach asymptotic performance in vowel recognition
tasks.

In a favoured model of prosody in typical Danish sentences, FO variation is mediated
by the superposition of stress group patterns onto an intonation contour (Grennum,
2007). The stress group pattern is a predictable and recurrent entity which has a
bearing on the intonation contour of the sentence while it is also interrelated with
linguistic stress (Thorsen, 1978). The intonation contour itself is communicatively
relevant as it can impart attitudinal value to an utterance. For instance, it can alert a
listener as to whether an utterance is a statement or a question.

In order to assess the ability of simulated CI listeners to perceive prosody in the
presence of noise, a study was performed with a nonsense sentence and also with
question and statement sentences. These studies assessed whether noise type or
presentation SNR affects the performance of CI listeners on prosody perception.

METHOD

Stimulus preparation: JND Experiment

A male speaker recorded the isolated syllable [ba]. Recordings were made in a
sound-treated studio with a quality microphone (Sennheiser MKH40 P48) and a
32-bit digital audio recorder (Sound Devices 722). The syllable was edited so that it
was consecutively repeated three times. The duration of each segment was
manipulated so that it was equivalent to Tendering’s (2008) average findings for a
large corpus of non-scripted Danish speech (as per the durations in Figure 1).

The initial and final values of the overall intonation contour slopes for the three
syllables were adjusted in Praat so as to resemble a standard declarative statement.
The three syllables fell by six semitones (as per Grennum, 2007). Also the FO of the
first syllable was pitch shifted in consecutive semitones up to 12 semitones (see
Figure 1).
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Fig. 1: Experimental Stimuli — showing fundamental frequency with pitch

shifting on the initial syllable [ba] and duration modifications.

All pitch shifted stimuli were then added to the unmodified original with a 500
millisecond pause in between, so that the unmodified stimuli preceded the modified.

Stimulus Preparation: Question/Statement Identification Experiment

Stimuli for the question and statement tokens consisted of 8 sentences from
Lieberman and Michaels (1962), 5 sentences from Meller and Post (1997) and 17
original sentences containing either three or four iambs. The stimuli were recorded 3
times as a statement and 3 times as a question, by both a male and a female speaker.
Both speakers had Danish as their mother tongue. The best of the 3 recordings was
then chosen for editing. This yielded 120 speech tokens, that is, 10 questions and 10
statements per noise condition spoken by both the male and female speaker.

CI simulation

The Tiger CIS software was used to simulate cochlear implant listening. In this
software the input signals were bandpassed into 8- frequency channels. The high
pass filter settings were at 200 Hz and the low pass at 7000 Hz with a filter slope of
24 dB per octave. White noise was selected as the carrier type and analysis and
carrier filter settings were based on the Greenwood map. The temporal envelope in
each channel was extracted via half wave rectification and low-pass filtering. The
temporal envelope was then modulated with a white noise carrier. The modulated
noise bands were then summed and the speech level adjusted. Noise was added at
0 dB SNR and 12 dB SNR to the JND stimuli and at 6 dB SNR to the
question/statement stimuli.
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Noise

Noise was added to the JND and question/statement stimuli prior to vocoder
processing to best simulate listening in background noise. The modulated noise was
generated with Adobe Audition v.1. An envelope filter with spline curves was used
to modulate a white noise carrier at a rate of 36 Hz. The modulation depth was
approximately 0.7. The speech shaped noise was stationary and was from the noise
options available in the CI simulation software.

Participants

Participants were eight staff members from the University of Copenhagen. These
were three men and five women with a mean age of 36 years (range 29-45 years).
All reported normal hearing, and had Danish as their mother tongue.

Procedure

Stimuli were presented diotically to the participants who were instructed to judge
whether the stimuli pairs were similar or different. Stimuli were presented via
quality headphones (Sennheiser HD 590). Repetitions were permitted. Stimuli were
presented in decreasing semitone steps in a 1-up, 1-down procedure starting at the
12" semitone modification. The criteria for a JND were set at 5 reversals per
condition. The JND was then calculated as the mean of the total reversals. The
question/statement identification task was also performed during the same testing
session. The sentences were randomised prior to presentation. Together both tasks
took approximately 55 minutes to complete.

RESULTS

Figure 2 presents the mean JNDs for the quiet and the noise conditions.

A paired samples test of the quiet and the modulated 0 dB SNR condition revealed a
significant difference [t(7)= -2.512, p= 0.04]. There was no significant mean
difference between the modified and the steady-state noise conditions, also when
results were grouped together across SNRs.

To investigate whether SNR affects JND, the mean scores in both noise types with
the 0 dB SNR and 12 dB SNR presentation levels were compared but significance
was not reached. Despite the difference in mean JNDs between the modulated noise
at the two presentation SNRs (0 dB SNR, M= 9.43; 12 dB SNR, M=8.7), a t-test
revealed that this was not significant.
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Fig. 2: Mean JNDs in semitones for the quiet and four noise conditions:
modulated 0 dB SNR; modulated 12 dB SNR; speech shaped 0 dB SNR;
and, speech shaped 12 dB SNR. Error bars represent the first standard
deviation from the mean.

The question/statement identification task produced a data set with a wide range of
correct identification scores. These extended from 50 to 81% (see Figure 3). The
results from two listeners were omitted as they scored at chance levels at most
conditions, possibly due to the relatively long test time and attention difficulties.
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Fig. 3: Individual percentage correct scores for the question/statement
identification task across the quiet, speech shaped and modulated noise
conditions.

DISCUSSION

The results from this study show the inferior ability of simulated CI listeners to
detect the changes in FO necessary for the perception of prosody. Similar result
patterns for FO JND in quiet are reported in Meister et al. (2011) and for pure tones
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in the 200 and 400 Hz JND results of Gfeller et al. (2002) and the UW-CAMP pitch
test results of Uchanski (2011). While the introduction of noise did result in higher
mean JNDs, it could have been expected that performance might have deteriorated
more markedly.

Notable from the results in the JND study is the absence of a noise type effect and a
presentation SNR effect, despite the relatively broad difference between the SNRs
used. In the case of the modulated noise, this could be due to the relatively high
amplitude modulation used. This combined with the short durations of the segments
of the nonsense sentence and the spectral degrading entailed in 8-channel vocoding
could have left the FO variations imperceptible.

Manipulation of the syllable [ba] resulted in a rising-falling FO event that extended
over the first word which was also the first syllable. Identification of this ‘crowned’
pattern of excursion is thought to be crucial for identifying and discriminating
between microprosodic features in related languages, for instance, word accents in
Swedish (Bruce, 1998). The position of the manipulated segment in relation to the
sentence could also be expected to play a role in the identification of FO variation.
This was reported by Meister, et al., (2011) when they observed that sentence stress
was harder to identify when placed on the middle (verb) position of a subject-verb-
object sentence than when placed on the final (object) position. This finding was
attributed to either co-occurring intensity changes, the inclusion of the article
preceding the subject and the object, or the grammatical function of the words. In
light of these results it would be of interest to test FO variations at other word
positions in a nonsense sentence, to see if position is a relevant factor. Moreover,
this could overcome a procedural problem encountered in this experiment. When
manipulating the first syllable of the nonsense sentence in the present study, the FO
variations began at a relatively high initial FO. Further investigation within this
nonsense sentence paradigm would do well to vary FO from lower initial values.

The performance improvement in the question/statement identification in the speech
shaped noise condition in subjects 3, 4, 5 and 6, is also noteworthy. This
improvement could warrant investigation with an adaptive SNR procedure and an
identification task where question sentences were less contrived.

CONCLUSION

A significant noise effect was found when modulated noise was introduced during a
JND task where FO was varied at the initial word of a nonsense Danish sentence.
Neither presentation SNR nor noise type was a factor that significantly affected the
JND results at the SNRs tested.
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