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ABSTRACT 

 

Many works revealed linguistic release from 

masking (LRM) in speech perception from normal-

hearing listeners. The present work investigated the 

LRM in understanding vocoded Mandarin speech 

simulating cochlear implants (CIs) listening. 

Mandarin sentences were corrupted by 2- and 6-

talker babble maskers spoken in languages with 

varying degrees of linguistic similarity to Mandarin, 

namely Mandarin, Cantonese, and English. Target 

and masker sentences were mixed and processed by 

an 8-channel noise vocoder to simulate CI listening, 

and presented to normal-hearing listeners to 

recognize. Mandarin recognition scores were 

significantly higher in English babble masker than in 

Cantonese and Mandarin babble maskers, and 

significantly higher in Cantonese than Mandarin 

talker babble masker, demonstrating LRM effect in 

simulated CI listening. Listeners benefited from a 

target-masker linguistic mismatch even though 

spectral resolution was low, and when competing 

talkers also spoke Mandarin, more talkers might be 

less disruptive to Mandarin speech recognition in CI 

listening. 

 

Keywords: Mandarin speech perception, cochlear 

implants, linguistic release of masking (LRM). 

1. INTRODUCTION 

Speech perception in noise is a challenging task for 

people with normal hearing, and even more so for 

people with hearing loss. Normal-hearing (NH) 

listeners experience a release from masking (MR) 

when the masker is fluctuating, compared to when 

the masker is a steady state noise (SSN) [e.g., 1-2]. 

The target speech can be “glimpsed” during 

temporal dips in a fluctuating masker when the 

overall intensity of the masker is low or during 

spectral dips when target and masker differ in their 

frequency composition [2]. 

Linguistic dissimilarity between the target and 

masker speech has been shown to improve speech 

understanding. Such improvement is known as 

linguistic release from masking (LRM). The target-

masker linguistic similarity hypothesis states that the 

more dissimilar the target and the masker language, 

the easier it is for the listener to segregate the target 

from the masker, especially at challenging signal-to-

noise ratios (SNRs) [3]. LRM has been found in 

English [e.g., 4] and Mandarin speech perception 

[e.g., 5] among NH listeners. Both adults and 

children can benefit from a linguistic mismatch 

between target and masker [e.g., 6]. 

LRM studies also showed that masker 

meaningfulness plays a role in speech masking. Van 

Engen and Bradlow found that at SNR of 0 dB or 

lower, English sentence recognition by monolingual 

English speakers was worse in English 2-talker 

babble masker than in Mandarin 2-talker babble 

masker [7]. Bilingual listeners who can understand 

both the target and masker languages also showed 

LRM. Calandruccio and Zhou found that English-

Greek bilinguals whose dominant language was 

English showed improved English speech 

recognition in Greek maskers compared to in 

English maskers [8]. In [5], Mandarin-English 

bilinguals showed better Mandarin sentence 

recognition when English rather than Mandarin 

maskers were used. These results suggested that a 

more familiar masker language interfered more with 

target speech perception. 

For listeners with profound-to-severe hearing 

impairment, cochlear implants (CIs) provide an 

efficient way for them to restore their hearing [9]. 

CIs extract useful acoustic information (i.e., 

primarily multi-channel temporal envelope 

waveforms, or discarding spectral details) from the 

original speech input, and electrically stimulate the 

auditory nerves to deliver the acoustic information 

and subsequently evoke sound perception in brain.  

Vocoder processing has been long used to 

simulate CI listening in NH subjects [10]. Real CI 

users may vary significantly due to factors such as 

etiology of hearing loss and implant device 

differences. Vocoder processing is useful in 

measuring the effect of a processing parameter 
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Figure 1: Schematic of Implementing the Noise 

Vocoder at the nth Channel. Rect.: Waveform 

rectification. 

change in CI as the amount of spectral and temporal 

cues, such as the number of frequency channels, can 

be manipulated independent of patient-related 

factors. 

In CI users, speech perception is worse in 

modulated noise than SSN or not significantly 

different in the two kinds of noise, showing negative 

MR or no MR in a fluctuating masker [e.g., 11-12]. 

Liu et al. found that children who used CIs also 

showed less MR than NH adults and children [13]. 

Fu and Nagoki proposed that the reduced or absent 

MR benefit may be due to reduced spectral 

resolution and spectral smearing in CI listening [11], 

as they found that NH subjects listening to vocoded 

speech performed similarly to CI users when 

spectral resolution was low (i.e., 4 channels).  CI 

signal processing is limited by the number of 

electrodes implanted and the number of spectral 

channels. Ihlefeld et al. also found that NH listeners 

demonstrated decreased MR when presented with 

vocoded stimuli [14].  

While there is ample evidence that hearing-

impaired listeners show reduced MR benefit than 

NH listeners, few studies investigated LRM in 

hearing-impaired listeners. Viswanathan et al. 

reported LRM benefit in simulated CI listening [15]. 

NH listeners listened to vocoded English sentences 

in competing English or Dutch masker sentences. 

English speech recognition performance was better 

when the masker was Dutch.  

The purpose of this study was to investigate 

whether Mandarin-speaking CI users may 

experience LRM by using a vocoder processing to 

simulate CI listening. The target language in this 

study was Mandarin (which is a tonal language), and 

three masker languages, Mandarin, Cantonese, and 

English, which vary in linguistic similarity to 

Mandarin, were used. 

2. METHODS 

2.1. Subjects and materials 

Sixteen native Mandarin Chinese listeners (10 males 

and 6 females, age range 21 to 27 years) were 

recruited from the Southern University of Science 

and Technology, and paid to participate in the study. 

Participants were students at the university and were 

bilingual (Mandarin and English), and had hearing 

within normal range. The experimental procedure 

involving human subjects was approved by the 

Institution’s Ethical Review Board of Southern 

University of Science and Technology. 

The speech material comprised sentences 

extracted from the Mandarin Hearing in Noise Test 

(MHINT) database [16]. The MHINT corpus 

includes 24 lists, each with 10 sentences and 10 

keywords per sentence. All sentences were spoken 

by a male native Mandarin Chinese speaker with a 

fundamental frequency (F0) of 75–180 Hz and 

recorded at a sampling rate of 16 kHz. The target 

MHINT sentences were corrupted by competing 

talker babble masker (2-talker or 6-talker babble, in 

Mandarin, Cantonese, or English) at SNR levels of 0 

or –5 dB. 

Six native-Mandarin speakers (3 male and 3 

female) and 6 native-Cantonese speakers (3 male 

and 3 female) recorded sentences in Mandarin and 

Cantonese respectively for the Mandarin and 

Cantonese maskers. The speakers were each 

instructed to read 8 sentences extracted from the 

newspaper in a natural style. Recording was done in 

a sound-proof booth with a digitization rate of 16 

kHz. All sentences were equated for root-mean-

square (RMS) level. All 8 sentences spoken by each 

speaker were combined to form a one-talker masker 

signal, resulting in 6 different masker signals for 

each language (Mandarin and Cantonese). English 

masker speech was taken from the TIMIT database 

[17]. Eight sentences were taken from each of 6 (3 

male and 3 female) speakers. Sentences from each 

speaker were combined to form 6 one-talker masker 

signals. Each of the 18 (=6 speakers × 3 languages) 

one-talker masker signal ranged from 15 to 25 

seconds in duration. 

2.2. Signal processing 

Two male voices from each language were used to 

produce the 2-talker babble signals to match the 

speaker gender of the target materials (MHINT 

sentences spoken by a male speaker). A random 

segment of masker speech with duration equal to 

that of the target MHINT sentence was selected 

from each of the 2 male voice masker signals. Then, 

the two segments were equalized for RMS level and 

summed up. The 2-talker signal was then mixed with 

the target MHINT sentence at SNR levels of 0 and –

5 dB. The corrupted MHINT sentence was then 

adjusted to have the same RMS value as the original 

sentence. For the 6-talker babble maskers, segments 

randomly selected from each of 6 masker sentences 

(in the same language) were used to corrupt the 
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Figure 2: Mean Sentence Recognition Scores for All 

Conditions. Error bars denote 1 standard error of the 

mean. 

MHINT sentence at SNR levels of 0 and –5 dB. The 

processing was the same as that used in the 2-talker 

babble (i.e., RMS equalization, summation, and 

mixture with the MHINT sentence). 

Vocoder processing was used to simulate CI 

listening [e.g., 10]. MHINT sentences, after being 

corrupted with the maskers, were processed by a 

noise vocoder. Figure 1 shows the schematic of 

implementing the noise vocoder in one channel. 

Speech signals were first processed through a pre-

emphasis high-pass filter with 1200 Hz cut off 

frequency. Then, signals were band-pass filtered 

(BPF) into 8 frequency channels between 80 and 

6000 Hz. The corner frequencies for the 8 channels 

were 80, 221, 425, 724, 1158, 1790, 2710, 4050, and 

6000 Hz. The temporal envelope was extracted by 

half-wave rectification followed by low-pass 

filtering (LPF) with 250 Hz cut off frequency. The 

extracted envelope from each frequency band was 

then used to modulate a white noise signal, and BPF 

again into 8 frequency bands. The BPF signals at 

each frequency channel were then summed up to 

generate the noise-vocoded speech stimulus with its 

amplitude readjusted to match the RMS value of the 

original signal. 

2.3. Procedure 

Participants took part in a training session before the 

speech recognition experiment. The training session 

and the experiment were conducted in a soundproof 

room. Speech materials were played to listeners 

through circumaural headphones at a comfortable 

listening level indicated by the listeners. Participants 

were instructed that they would listen to Mandarin 

sentences that had been processed. Each sentence 

could be played three times at maximum. 

In the training session, listeners listened to 

vocoded MHINT sentences while reading the 

transcript for the sentences to become familiarized 

with the processed speech materials. In the 

experiment, participants listened to vocoded MHINT 

sentences without reading. They were instructed to 

repeat the words they heard, and to guess if they 

were not sure. The experimenter scored participants’ 

response by the number of words correctly identified 

in the sentence. The intelligibility score for each 

condition was computed as the percentage of words 

in the target MHINT sentences correctly identified 

in each list of MHINT sentences. 

In the experiment, all subjects participated in a 

total of 12 conditions [=3 masker languages × 2 

types of talker babbles × 2 SNR levels]. The babble 

maskers in different languages with varying 

linguistic contents are denoted as “Eng 2”, “Eng 6”, 

“Can 2”, “Can 6”, “Man 2” and “Man 6”. “Eng”, 

“Can” and “Man” refer to English, Cantonese, and 

Mandarin respectively, and “2” and “6” indicated 

the number of talkers in each masker babble. A 

different list of MHINT sentences was used in each 

condition and none of the target sentences was 

repeated across conditions. The order of the test 

conditions was randomized across subjects to 

minimize potential learning effects. Subjects were 

given a 5-minute break every 30 minutes during 

testing. The whole experiment took about 2 to 3 

hours to complete for each subject. 

3. RESULTS 

Figure 2 shows the mean Mandarin sentence 

recognition scores for all conditions. Statistical 

significance was determined using percent correct 

score as the dependent variable, and masker 

language (English, Cantonese, or Mandarin), type of 

talker babble (2-talker or 6-talker), and SNR level (0 

dB or –5 dB) as within-subject factors. 

Three-way repeated measures analysis of 

variance (ANOVA) indicated a significant effect of 

masker language (F2,30 = 70.890, p < 0.001, η2
P = 

0.825), a non-significant effect of type of talker 

babble (F1,15 = 0.498, p = 0.491, η2
P = 0.032), and a 

significant effect of SNR level (F1,15 = 984.877, p < 

0.001, η2
P = 0.985). Analysis also revealed a 

significant interaction between masker language and 

type of talker babble (F2,30 = 7.745, p = 0.002, η2
P = 

0.341). The interaction between masker language 

and SNR level (F2,30 = 0.742, p = 0.485, η2
P = 0.047) 

and between type of talker babble and SNR level 

(F1,15 = 3.164, p = 0.096, η2
P = 0.174) were not 

significant. The interaction among masker language, 

type of talker babble, and SNR level (F2,30 = 0.660, p 

= 0.524, η2
P = 0.042) was not significant. 

Post-hoc analysis with Bonferroni correction 

showed that with respect to the effect of masker 

language, Mandarin sentence recognition score was 
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significantly better (higher) in English maskers than 

in Cantonese maskers (p < 0.001) or Mandarin 

maskers (p < 0.001), and significantly better in 

Cantonese maskers than in Mandarin maskers (p < 

0.001). Comparisons across conditions showed that 

this was true when the type of talker babble and the 

SNR level were the same, except in the condition 

pairs “Eng 6” vs. “Can 6” at 0 dB SNR, and “Can 6” 

vs. “Man 6” at –5 dB SNR. With respect to the 

effect of SNR level, recognition score was 

significantly better at 0 dB SNR than at –5 dB SNR 

(p < 0.001). Comparisons across conditions 

indicated that this was true in all condition pairs 

when the masker language and type of talker babble 

were the same. 

4. DISCUSSION AND CONCLUSION 

The present study investigated whether CI users 

experience LRM by using vocoder processing to 

simulate CI listening in NH listeners. The results 

indicate that simulated CI listening benefited from a 

linguistic mismatch between target and masker 

languages and showed LRM in Mandarin speech 

recognition. 

Mandarin sentence recognition scores were 

significantly better in conditions with English talker 

babble masker compared to Cantonese or Mandarin 

babble masker, and significantly better in Cantonese 

compared to Mandarin babble masker, 

demonstrating LRM effect in simulated CI listening. 

The most effective masker was Mandarin, and 

English was the least effective masker. These 

findings are similar to results seen in NH listeners, 

which indicated that when the masker language was 

different from the target language, listeners showed 

MR benefit, compared to when the masker and 

target speech were spoken in the same language [e.g., 

4-5, 18]. Furthermore, findings were consistent with 

results from Viswanathan et al. [15] which also 

demonstrated LRM benefit in simulated CI listening. 

Despite a lack of access to F0 cue and reduced 

spectral resolution in the 8-channel noise-vocoded 

stimuli, listeners were able to benefit from a 

linguistic mismatch between target and masker 

speech. This suggests that linguistic properties 

which are not represented through F0 or spectral 

cues may contribute to the LRM benefit in a target-

masker mismatch condition. 

Mandarin speech recognition may be more 

vulnerable to interference from competing talkers 

also speaking Mandarin in CI listening because they 

may not be able to resolve concurrent tonal 

information in competing streams of speech. Luo 

and colleagues investigated concurrent vowel and 

tone recognition in NH listeners, simulated CI 

listeners and real CI listeners in a series of 

experiments [e.g., 19-20]. NH listeners achieved 

nearly perfect vowel and tone identification across 

conditions. But when the same group of subjects 

listened to 8-channel or 4-channel noise-vocoded 

speech simulating CI listening, tone recognition 

performance in single syllable or concurrent 

syllables became significantly poorer [19]. Real CI 

users also performed the recognition tasks, and their 

tone recognition performance in the single-syllable 

condition was significantly poorer than 4- and 8-

channel simulation results [20], indicating that real 

CI users were even less able to make use of F0 and 

pitch information for tone recognition. CI users’ 

performance of concurrent tone recognition was also 

poorer than performance of NH subjects and 

simulation performance. 

In [5] and [21], NH listeners showed better 

Mandarin speech perception with fewer number of 

talkers in competing speech. Their findings were 

also consistent with findings from studies of English 

speech-on-speech masking in NH English speakers 

[e.g., 7]. A masker with fewer talkers may provide 

more opportunities for glimpsing the target speech in 

NH listeners. However, Chen et al. found that adult 

Mandarin-speaking CI users performed worse in a 

single-talker masker than in a 2-talker or 4-talker 

masker [21]. Results from the present study with 

regards to the effect of number of competing talkers 

were somewhat consistent with results from [21], 

but in contrast to studies of English speech masking 

[22]. In the present study, when the masker language 

was Mandarin, subjects performed worse with fewer 

number of competing talkers in the Mandarin babble 

masker. This effect was the same at both SNR levels 

used. 

In conclusion, consistent with early findings 

from NH listeners, the present study simulating CI 

speech perception showed the effect of linguistic 

release from masking. The recognition of vocoder-

processed Mandarin sentences in speech masker was 

notably influenced by the linguistic content of 

masker, with an increased influence from English, 

Cantonese to Mandarin. As CI speech perception 

primarily relies on limited amount of temporal 

envelope information, the findings in this work 

provide evidence on the perceptual impact of 

temporal envelope in linguistic release of masking. 
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