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Multimodal Perception of Mandarin Tone for Cochlear Implant Users 
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Abstract 
Due to limitations of cochlear implant (CI) technology in 
transmitting fundamental frequency (f0), there is poor 
perception of lexical tone by CI users. Here simulated 
cochlear implant audio is used to investigate the role of visual 
speech information in Mandarin tone discrimination. Results 
showed that visual information improved tone perception in 
both Mandarin and Australian English listeners, particularly 
in CI simulation conditions, and particularly for tone pairs 
where tonal distinctions are cued by non-f0 components, 
suggesting that tone discrimination in CI users can be trained. 
Index Terms: Visual speech, cochlear implants, lexical tone 

1. Introduction 
The difficulties of cochlear implant users in perceiving pitch 
are particularly acute in tone languages, where differences in 
f0 height and contour alter meaning on a lexical level, 
severely restricting their spoken communication [1]. While 
lexical tones are traditionally defined in terms of fundamental 
frequency, there can be many additional non-f0 cues for tone, 
such as duration, voice quality and loudness differences. 
There is also a growing body of evidence that visual speech 
information facilitates tone perception [2], and CI recipients 
may show better multisensory integration than their normal 
hearing counterparts [3]. We investigated Mandarin tone 
perception in native Mandarin (Mand) speakers and 
Australian English (AusE) speakers, using unaltered and CI-
simulated audio as well as visual speech information. 

2. Method 
An AX discrimination task was used to test all six pairs of the 
four Mandarin tones in five different modalities: Audio-visual 
(AV), Audio-Only (AO), Audio-visual with CI simulated 
audio (AVSim), CI simulated audio only (ASim), and Visual-
Only (VO). Stimuli were Mandarin monosyllables, created 
from video footage of two native Mandarin speakers (1 male, 
1 female), with tone minimal pairs covering a wide range of 
phonetic contexts, balanced for lexical frequency. CI audio 
was simulated via the Nucleus Matlab Toolkit and 
recombined with the original video footage. 48 AusE 
monolinguals and 48 native Mandarin speakers completed 
480 trials (5 modalities x 6 tone pairs x 16 repetitions). 

3. Results and Discussion 
Both Mand and AusE participants discriminated between 
tones above chance on the basis of visual cues alone 
(t(95)=10.9, p<.001). Even more strikingly, non-tonal AusE 
speakers outperformed Mandarin speakers on every contrast 
(F(1,92)=7.9, p<.01) (see VO columns, Table 1). This 
suggests (1) that visual cues for tone are available, and (2) 
that native speakers may not always take advantage of them. 
By contrast, in the four audio modalities (AV, AVSim, AO, 
ASim), Mand speakers outperformed AusE speakers (F(1, 
92)=8.4, p<.01) on all tone pairs (see Figure 1). Further, 

discrimination was generally worse in CI simulated than clear 
audio (F(1,92)=1771.6, p<.001) but was facilitated by visual 
information (F(1,92)=21.2, p<.001), with stronger visual 
augmentation when audio was degraded (F(1,92)=23.1, 
p<.001). Tone pairs involving tone 3 (substantially longer 
than the others) were more easily discriminated overall 
(F(1,92)=64.8, p<.001), showed less attenuation in CI 
simulation conditions (F(1,92)=119.2, p<.001), and greater 
facilitation from visual information (F(1,92)=13.4, p<.001), 
especially in CI simulation conditions (F(1,92)=11.8, 
p<.001), suggesting that duration cues are used when f0 
information is unavailable. Similarly, contrasts with strong 
differences in f0 height or contour (2 (rising) vs 4 (falling), 3 
(low rising) vs 4) are discriminated significantly better overall 
(F(1,92)=17.7, p<.001), but show greater attenuation with CI 
audio (F(1,92)=12.1, p<.001) and less visual augmentation 
(F(1,92)=10.7, p<.001) than other contrasts.  

Figure 1. Percent 
trials discriminated in 
the 4 audio conditions 
by Australian English 
and Mandarin 
speakers  

Table 1. Percent trials discriminated by Australian English (AE) and 
Mandarin Chinese (MC)  speakers, all modalities and tone pairs. 

4. Conclusions 
Visual speech information augments tone perception by both 
native tone language and naïve non-tone listeners, particularly 
when f0 information is reduced or absent. While minimal 
pairs differing in duration appear to benefit more from visual 
information than those without a major durational component, 
pairs cued by f0 only also benefit, suggesting that there are 
some visual correlates of f0. Finally, performance above 
chance in the visual only condition, particularly by non-tonal 
language speakers, suggests that visual information for tone is 
pervasive, independent of language experience and so may 
well be trainable in cochlear implant recipients. 
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Tone AV AVSim AO ASim VO 
Pair AE MC AE MC AE MC AE MC AE MC 
1 v 2 89 98 62 61 88 96 57 56 64 58 
1 v 3 93 96 68 73 93 97 60 64 64 61 
1 v 4 94 97 60 58 91 98 59 58 55 52 
2 v 3 82 91 74 71 83 92 60 61 67 61 
2 v 4 88 94 63 66 88 98 58 59 53 50 
3 v 4 92 97 69 73 91 96 65 71 53 51 
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