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Abstract 

The linguistic content of the masker is important for the 
benefit of masking release in understanding noise-corrupted 
speech. The present work investigated how Mandarin sentence 
recognition is influenced by background noise with different 
linguistic content via two studies, i.e., speech perception and 
intelligibility prediction. Mandarin sentences were corrupted 
by Mandarin-, Cantonese-, and English-speaking multi-talker 
(i.e., 2-talker and 6-talker) babbles at –5, –7.5 and –10 dB 
signal-to-noise ratios, and listening experiments were 
conducted to collect the intelligibility data of Mandarin 
sentence perception. Results showed that 1) the recognition of 
noise-corrupted Mandarin sentences was notably influenced 
by the linguistic content of background noise, with an 
increased influence from English, Cantonese to Mandarin; and 
2) present intelligibility indices accounted modestly well for 
the variance of Mandarin sentence recognition when 
background noise contained different linguistic content. 

Index Terms: Mandarin speech perception, linguistic content, 
intelligibility prediction.

1. Introduction 

Understanding speech in background noise is always a 
challenging task for both normal-hearing (NH) and hearing-
impaired listeners. This difficulty can be mainly attributed to 
two masking interferences in speech perception [1-2]: (1) 
energetic masking, which occurs because the similar neural 
excitation pattern evoked by the masker signal leads to a 
degraded neural representation of the target signal in the 
peripheral auditory system, and (2) informational masking, 
which is the additional masking to reduce listeners’ speech 
intelligibility further than what would be foreseen from 
energetic masking. The effects of informational masking on 
speech intelligibility are more complicated, involving multiple 
levels of processing (mainly in the central auditory system), 
and are attracting a lot of research interests in the area of 
speech perception. 

It is generally accepted that NH listeners are able to 
recognize speech in modulated or fluctuating maskers with 
higher accuracy than in continuous (steady-state) noise. The 
benefit received when listening to speech in fluctuating 
maskers compared to steady maskers is often called “release 
of masking”, which could be attributed to a number of 
acoustic, linguistic and perceptual factors [3]. Besides, 
informational masker experiments can be manipulated in 
various ways to improve our understanding of release of 
masking in many new patterns [4-7], involving switching the 

gender of the talker of the competing signals to be different 
from that of the target talker [5], time reversal of the 
competing speech [6], spatial separation of the competing 
speech [7], etc. Studies also introduced a release in masking 
on an English speech recognition task when the masker was 
changed from the competing English speech to a language 
unfamiliar to the listener. For instance, it was recently reported 
that linguistic and spectral differences between target and 
masker speech played a large role in determining the potential 
for a release-in-masking when comparing matched and non-
matched target and masker language experiments, especially 
when the auditory and cognitive systems were involved in a 
more difficult listening task, e.g., at a low signal-to-noise ratio 
(SNR) level [8-9]. 

Previous studies provide valuable knowledge on how 
speech-on-speech masking is influenced by variable access to 
the linguistic content of the masker speech [5, 8-9]. However, 
most previous studies evaluated informational masking in 
scenarios with listeners with monolingual background. So far, 
limited work has been done to see whether the above 
outcomes could be replicated for listeners with bi- or multi-
lingual knowledge. This work has practical and social 
significance. With the emerging knowledge exchange among 
different cultures and countries, many students, especially 
those in developing countries like China, began to learn a 
second language (e.g., English) at a very young age (e.g., from 
elementary school). Their English proficiencies are notably 
good, compared with those in decades ago. How linguistic 
content (e.g., unmatched language between target and masker 
speech) will affect their informational masking in 
understanding their native language has not been extensively 
examined, which is the first purpose of the present study. 

In addition, a number of existing objective intelligibility 
indices are known to predict well the intelligibility of noise-
corrupted sentences, regardless the language of target speech 
(e.g., Mandarin and English) [10-11]. Studies also attempted 
to assess how linguistic and language factors (e.g., talker and 
speaking style) would affect intelligibility prediction [12-13]. 
However, most, if not all, intelligibility prediction studies 
involved NH participants with a background of monolingual 
knowledge. Few studies evaluated the power of present 
intelligibility indices in predicting the intelligibility of speech 
corrupted by multi-talker babble with various linguistic 
contents, which is the second purpose of the present study. 

2. Effect of linguistic masker on Mandarin 
speech intelligibility 

2.1. Experiment 
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Figure 1. Sentence recognition scores for all conditions. The error bars denote ±1 standard error of the mean. ’ns’ denotes that 
the difference between the recognition scores of two conditions is not statistically significant.

Twelve (seven male and five female) NH native-Mandarin 
listeners participated in the experiment. The subjects’ age 
ranged from 23 to 34 yrs, with the majority being graduate 
students at The University of Hong Kong. All participants 
possessed high proficiency of English language, i.e., reaching 
high scores in IELTS exam, one of world’s most popular 
English proficiency tests. In addition, they have been exposed 
to Cantonese language in their daily-life in Hong Kong for 
more than a half year. 

The sentence material consisted of sentences taken from 
the Mandarin Hearing in Noise Test (MHINT) database [14]. 
There were totally 24 lists in the MHINT corpus. Each 
MHINT list had 10 sentences, and each sentence contained 10 
keywords. All sentences were produced by a male speaker, 
and their duration was around 2.8±0.3 second. 

Six (three male and three female) native-Mandarin 
speakers, and six (three male and three female) native-
Cantonese speakers provided recordings in their native 
language to be used for the Mandarin and Cantonese masker 
speech. Each speaker was instructed to read eight daily-life 
sentences (extracted from newspaper) in a natural style. 
Recording took place in a sound-attenuated booth, and was 
digitized at a sampling rate of 16 kHz. Sentences were saved 
into individual wav files and equated for root-mean-square 
(RMS) level. The eight sentences from one speaker were 
concatenated to produce the one-talker masker signal. For 
English masker sentence, we took eight sentences for each of 
six (three male and three female) speakers from the TIMIT 
database [15]. The duration of the 18 (=6 speakers × 3 
languages) concatenated one-talker sentences ranged from 15 
to 25 second. 

Two male voices speaking the same language were used to 
produce the 2-talker babble signal. This was done to match the 
gender of the target speaker of MHINT sentences, and thus 
eliminate the effect of gender difference on speech-in-speech 
intelligibility. A segment of male voice was randomly selected 
out from the concatenated masker signal with duration equal 
to that of the target MHINT sentence. Then, the two segments 
were equalized for RMS level, summed up, and finally mixed 
with MHINT sentence at SNR levels of –5, –7.5 and –10 dB. 
The corrupted sentence was adjusted to have the same RMS 
values as the original target sentence. Similarly, for the 6-
talker babble, segments randomly selected from each of six 
concatenated sentences (in the same language) were processed 
(i.e., RMS normalization, summation, and mixture with the 

target sentence) to corrupt the MHINT sentence at SNR levels 
of –5, –7.5 and –10 dB. In brief, six babble maskers with 
various linguistic contents were produced in this study, 
denoted as ‘Eng 2’, ‘Eng 6’, ‘Can 2’, ‘Can 6’, ‘Man 2’ and 
‘Man 6’, where ‘Eng’, ‘Can’ and ‘Man’ indicated that all 
babble talkers spoke English, Cantonese and Mandarin, 
respectively, and ‘2’ and ‘6’ were the number of talkers in 
each babble signal. 

The experiment was performed in a sound-proof room, 
and stimuli were played to listeners monaurally through a 
Sennheiser HD 250 Linear II circumaural head-phone at a 
comfortable listening level. The subjects were asked to repeat 
all words they heard. Each subject participated in a total of 18 
conditions [=3 SNR levels  3 languages  2 types of multi-
talker babbles (2-talker vs. 6-talker)]. None of the target 
sentences were repeated across the conditions, and the order of 
the test conditions was randomized across subjects. The 
intelligibility score for each condition was computed as the 
ratio between the number of the correctly recognized words 
and the total number of words in each list of 10 MHINT 
sentences. 

2.2. Results 
Figure 1 shows the Mandarin sentence recognition scores for 
all conditions. Statistical significance was determined by using 
the percent correct score as the dependent variable, number of 
babble talker (two vs. six), SNR level and masker language 
(English, Cantonese vs. Mandarin) as the three within-subjects 
factors. Three-way analysis of variance (ANOVA) with 
repeated measures indicated a significant effect (F[1, 11]=94.9, 
p<0.0005) of number of babble talker, a significant effect (F[2, 
22]=120.6, p<0.0005) of SNR level, and a significant effect 
(F[2, 22]=144.0, p<0.0005) of masker language. Analysis also 
revealed a significant interaction (F[2, 22]=16.2, p<0.0005) 
between number of babble talker and SNR level, a non-
significant interaction (F[2, 22]=1.6, p=0.2) between number 
of babble talker and masker language, a significant interaction 
(F[4, 44]=15.0, p<0.0005) between SNR level and masker 
language, and a significant interaction (F[4, 44]=2.8, p<0.05) 
among number of babble talker, SNR level and masker 
language. 

Comparison across conditions also showed that: 1) with 
respect to the effect of number of babble talker (two vs. six), 
Mandarin sentence perception was significant better (p<0.05) 
in 2-talker babble than in 6-talker babble at the same SNR 
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Figure 2. Scatter plots of sentence recognition scores against the predicted a) NCM and b) CSII values.

level (e.g., –5 dB) and masker language (e.g., English), which 
is consistent with previous findings [9, 16]; 2) with respect to 
the effect of SNR level, Mandarin sentence perception was 
significantly (p<0.05) better at higher SNR than at lower SNR 
when the number of babble and masker language were the 
same, except in condition pairs of (2-talker, Cantonese babble, 
–5 dB vs. –7.5 dB) and (6-talker, Cantonese babble, –5 dB vs. 
–7.5 dB), as shown in Fig. 1; and 3) with respect to the effect 
of masker language (English, Cantonese vs. Mandarin), 
Mandarin sentence perception was significant better (p<0.05) 
in English babble than in Cantonese or Mandarin babble, and 
significant better (p<0.05) in Cantonese babble than in 
Mandarin babble when the  number of babble talker and SNR 
level were the same, except in condition pair of (2-talker, –5 
dB, Cantonese vs. Mandarin). This is also consistent with 
previous outcomes, i.e., listeners could benefit from a release 
in masking when the masker speech was spoken in a language 
differing from the target speech, compared to the scenario 
when the target and masker speech were spoken in the same 
language [8-9]. 

3. Effect of linguistic masker on predicting 
Mandarin speech intelligibility 

3.1. Speech intelligibility measures 
Most speech intelligibility indices employ primarily either 
temporal-envelope or spectral information to compute the 
index. For the temporal-envelope based measure, this study 
examined the intelligibility prediction performance of the 
normalized covariance measure (NCM) [17], while for the 
spectral information based measure, we investigated the 
coherence-based speech intelligibility index (CSII) measure 
[18]. 

The NCM index is similar to the speech-transmission 
index (STI) in that it computes a weighted sum of 
transmission index (TI) values by using the envelopes of the 
probe and response signals in each frequency band. Unlike the 
traditional STI measure quantifying the change in modulation 
depth between the probe and response envelopes with the 
modulation transfer function, the NCM index is based on the 
covariance between the probe and response envelope signals 
in each band. The TI values are subsequently converted to an 
apparent SNR, and mapped to the NCM index taking values 
between 0 and 1. 

The speech intelligibility index (SII) is based on the 
principle that the intelligibility of speech depends on the 
proportion of spectral information that is audible to the listener, 

and is computed by dividing the spectrum into 20 bands 
(contributing equally to intelligibility) and estimating the 
weighted average of the SNRs in each band. The modified 
coherence-based SII index (i.e., CSII) uses the base form of 
the SII procedure, but with the SNR term replaced by the 
signal-to-distortion ratio computed using the coherence 
function between the probe and response signals. 

More details regarding the definition and implementation 
of the NCM and CSII measures can be found in [10-11, 16-17]. 
These two measures have been shown to yield high 
correlations with the intelligibility of wideband speech [10], 
and noise-masked speech processed by noise-reduction 
algorithms [11]. 

3.2. Results 
This study used two statistical measures to assess the 
performance of the aforementioned speech intelligibility 
measures, the Pearson’s correlation coefficient (r) and the 
estimate of the standard deviation of the prediction error ( e� )
[10-11]. The average intelligibility scores obtained by NH 
listeners for each condition were subjected to correlation 
analysis with the corresponding average values obtained from 
the intelligibility measures. That is, the intelligibility scores 
were first averaged across the whole listening group (i.e., 12 
participants) for each condition, and then subjected to 
correlation analysis with the corresponding mean (computed 
across the 10 sentences in each condition) intelligibility 
measures. 

The resulting correlation coefficients (r) and prediction 
errors ( e� ) are shown in Figure 2. Of the two intelligibility 
measures (i.e., NCM and CSII) considered, both performed 
modestly well in predicting the sentence recognition scores 
collected in this study, i.e., accounting for over 80% of the 
variance in speech recognition scores. The prediction errors 

e� were relatively large (i.e., about 15% in Fig. 2) when 
compared with those small errors in predicting the 
intelligibility of sentences corrupted by noise without various 
linguistic contents [10-11]. 

4. Discussion and conclusions 

The present work assessed the effect of linguistic content of 
background noise on the intelligibility of Mandarin sentences. 
More specifically, this study investigated how English, 
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Cantonese and Mandarin multi-talker babbles affected the 
perception of Mandarin sentences for native-Mandarin 
listeners with bilingual knowledge. The outcomes of the 
present work share many common points with previous 
studies [8-9]. Results showed poorer Mandarin sentence 
recognition by native-Mandarin listeners in 6-talker babble 
than in 2-talker babble, regardless of the language of the 
babble. In addition, it is observed that in 2-talker babble, 
native-Mandarin listeners were more adversely affected by 
Mandarin babble than by English babble. Cantonese is 
normally treated as a dialect of Chinese language, and shares 
much vocabulary with Mandarin Chinese. However, 
Cantonese and Mandarin are not mutually intelligible because 
of their pronunciation, grammatical, and lexical differences. 
Hence, it is not surprising that Cantonese babble played a role 
in interfering the recognition of Mandarin sentences slighter 
than Chinese babble did, but severer than English babble did. 
The results in the present study provided additional evidence 
that greater similarity between target and masker speech in the 
linguistic domain creates a greater interference to the 
intelligibility of target speech [8-9]. 

Different from most previous studies involving 
monolingual participants, the listeners in the present study had 
bilingual (i.e., Chinese and English) knowledge. Specially, 
they had a good proficiency of English language, and have 
been exposed to Mandarin, Cantonese and English 
environments. However, compared with findings from 
previous studies [9], this bilingual experience of listeners did 
not affect the results regarding on the effect of linguistic 
content of background noise on speech recognition. To some 
extent, the finding in this study is consistent with that reported 
in [8], which found that the monolingual and bilingual 
experience of experiment participants did not influence the 
effect of linguistic content (i.e., English and Mandarin) on the 
speech recognition of native-English listeners. 

The present study also assessed how well the existing 
intelligibility indices predicted the intelligibility of noise-
corrupted Mandarin sentences when the masker contained 
variable amount of linguistic content and varying number of 
speakers (i.e., 2-talker and 6-talker). Previous work has shown 
that most intelligibility indices can reliably predict the 
intelligibility of noise-corrupted sentences, regardless of the 
language of target speech [10-11]. However, only a few 
studies evaluated the effect of linguistic interference between 
babble masker and target speech on the performance of 
intelligibility prediction, e.g., [12]. This study showed that the 
NCM and CSII measures could predict modestly well the 
recognition scores when the there was phonetic dissimilarity 
between masker and target speech. The resulting correlations 
(i.e., 0.81 and 0.82 in Fig. 2) are relatively lower than those 
obtained from the situation with matched language between 
target and masker speech, e.g., r=0.95 in [10] when both target 
and masker speech is Mandarin. This suggests that linguistic 
interference of masker speech may likely impose a detrimental 
effect on the prediction power of present intelligibility indices. 

In conclusion, the present work examined the effect of 
linguistic content of background noise to the intelligibility of 
Mandarin sentences. Results of this study showed that, for 
native-Mandarin listeners with bilingual knowledge (i.e., 
Chinese and English), the recognition of noise-corrupted 
Mandarin sentences was notably influenced by the linguistic 
content of background noise, with an increased influence from 
English, Cantonese to Mandarin. In addition, because of the 
linguistic interference between background babble and target 
speech, present intelligibility indices account modestly well 
for the variance of Mandarin sentence recognition. 
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