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Abstract 

In this paper, we report on a study investigating the 

relationship between tone production and perception for 

two groups of Cantonese-speaking children: a group of 

implant users and a group of normally-hearing children. 

Tone production involved producing citation form tones 

as part of a picture-naming task. Responses were 

recorded and analysed acoustically. Results were 

summarized as ‘size of tonal space’. The tone 

identification task was a two alternative forced-choice 

task, the children listened to a word presented through a 

speaker and then pointed to the corresponding picture 

from a choice of two possible options. A positive 

correlation (r = 0.826, p<0.001) was found between size 

of tonal area and mean number of tones correctly 

identified. These data suggest that acquisition of tone 

production skills by implant users has had a positive 

impact on the development of tone perception abilities. 

We conclude that tone production training should be 

emphasised in speech habilitation programs and this may 

help compensate for shortcomings in implant 

technology. 

1. Introduction 

Speech perception plays an important role in the 

acquisition of speech and language by normally-hearing 

infants and young children. With hearing losses greater 

than 90dB, ‘deaf’ children have insufficient auditory 

input to help them acquire intelligible speech. Children 

with moderate-to-severe hearing losses on the other hand 

can acquire reasonable speech and language though their 

rate of acquisition is slowed to about 60% that of 

normally hearing children [1]. Among this group, 

Blamey et al., have demonstrated that improvements in 

speech perception scores over time are overwhelmingly 

attributable to improvements in language and speech 

production [1]. These improvements play an important 

role in masking the negative effects on perception due to 

deteriorating hearing. 

After receiving a cochlear implant, profoundly 

hearing-impaired children acquire the perceptual 

abilities of children with moderate-to-severe losses. 

With increased access to auditory input, they begin to 

acquire spoken language. The course of acquisition is 

systematic and is dominated by linguistic not perceptual 

or articulatory factors [2, 3]. Following from Blamey et 

al., [1], one would predict that as implant users’ 

linguistic skills develop they will impact positively on 

the children’s speech perception skills thus establishing 

a virtuous interactive cycle between perception, 

production and language.     

The above observations come from research 

investigating vowel and consonant acquisition by 

implant users. There has been relatively little interest in 

the acquisition of prosodic features such as intonation. 

This reflects the anglo-centric nature of much research 

with cochlear implant users. However in lexical tone 

languages such as Cantonese, word-meaning differences 

between otherwise identical morphemes are signalled by   

specialised variations in pitch patterns called tones. To 

achieve full communicative competence in these 

languages, it is therefore important to be able to perceive 

and produce most if not all of the tones in the language.  

There are six tones in Cantonese i.e., (High-level 

(55), High-rise (25), Mid-level (33), Low-fall (21), low-

rise (23), and low-level (22). Ciocca et al., [4] have 

shown that the implant provides insufficient information 

to help implant users reliably identify many of the tone 

contrasts in Cantonese.  If they perceive any tonal 

differences, they more likely to be between tones with 

larger pitch differences. This suggests that Cantonese-

speaking implant users are unlikely receive sufficient 

tonal information to help in the process of tone 

acquisition. By contrast Barry et al., [5] found that 

although not as good as normally-hearing children at 

discriminating differences between tones, many implant 

users could perform above chance on most contrasts. 

Furthermore, a multi-dimensional scaling analysis of the 

data suggests that the implant users used similar tonal 

features to normally-hearing children [6] to make these 

discriminations. These studies suggest that the implant is 

providing at least some useful information to users about 

tone differences.     

There are few studies describing tone acquisition in 

Cantonese. Most studies report on data based on an 

auditory transcription analysis of tones produced. 

However Barry and Blamey [7] point out that such 

methods are not ideal following tone acquisition. They 

developed a method of analysing tone production 

acoustically. More particularly, they showed that tones 

are located in a tonal space which in the case of 

Cantonese is triangular in shape.  
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The research here investigates whether there is a 

relationship between tone production and tone 

perception by testing the hypothesis that: Size of tone 

space will correlate with accuracy of tone identification. 

The data from the tone production study has been 

published and is described in detail in Barry and Blamey 

2004 [7]. For coherence, and because it was collected 

together with the tone identification materials, it is 

briefly described here as a part of one experiment.

2. Methodology 

2.1. Subjects 

A total of 24 children who were all native speakers of 

Cantonese took part in the study. One group comprised 

8 normally-hearing children (3 male) aged from 3;09 to 

6;00 years. The second group comprised 16 implant 

users (7 males) aged from 4;02 to 11;03 years. All were 

pre-linguistically profoundly hearing impaired. The 

mean pre-implant pure tone average loss (i.e., average 

hearing loss in dB HL at 500, 1000, and 2000Hz) in the 

better ear was 101 dB HL (s.d. 11dB HL). The implant 

users were fitted with either a Nucleus CI-22M (6 

subjects) or a CI-24M electrode. At the time of testing 7 

children were using a SPEAK speech processing 

strategy in a SPECTRA
TM

 speech processor with their 

implant. The remaining 9 children were using the ACE 

speech processing strategy in a SPRINT
TM

 speech 

processor.  Age at implant ranged from 2;03 to 6;09 

months. The number of months experience using the 

implant ranged from 15 to 73 months. All implant users 

received habilitation within an oral-aural scheme. 

2.2. Materials 

2.2.1. Picture stimuli  

There are 15 possible tone contrasts. Each contrast was 

tested three times meaning a total of 45 minimal pairs. 

Items used in testing were (a) familiar to Cantonese-

speaking children aged 3 and older [8] (b) one syllable 

words (c) readily represented in pictorial form (d) 

mainly nouns though the list also included 10 adjectives 

and 3 verbs.  Minimal pair tone contrasts were presented 

side-by-side as two black-and-white line drawings. 

2.2.2. Stimuli 

Recording was done in a sound booth using a Dynamic 

Lo SHURE SM58 microphone and a ProII TCD-D10 

DAT recorder.  Each tone was recorded five times in a 

carrier phrase: ‘ngo5 wui5 du6k ___bei2 lei5 te1ng’ (I 

will read ___ for you to hear) recorded at a normal 

speaking rate. The target words were cut out of the 

carrier phrase using GoldWave [9]. Wave files were 

imported into Speech Analyzer freeware software for 

Microsoft Windows
TM

 [10] and duration, F0 onset and 

offset were measured for the six tones and the three 

clipped tones. Minimal pair tones for use in testing were 

chosen based on maximal possible contrasts in F0 onset 

and offset and similarity of duration (refer table 1 for 

values of mean frequencies of onset and offset). Where 

necessary, tones were edited to minimize duration 

differences between individual contrasts. The ends of 

each stimulus were faded to minimize spectral splatter. 

Amplitude differences were normalized.   

Table 1. Summary of mean frequencies of F0 onset and 

offset for tone identification stimuli. Single tone 

heights refer to clipped tones.

Tone F0 onset (Hz) F0 offset (Hz) 

55 266.5   (12.7) 262.2   (13.8) 

25 184.0   (7.7) 291   (23.1) 

33 210.8   (14.3) 204.6   (16.6) 

21 203.2   (7.9) 147.4   (4.4) 

23 180.8   (7.6) 201.4   (9.4) 

22 204.6   (5.2) 186.7   (3.9) 

5 265.0   (24) 284   (7.0) 

3 217.4   (6.0) 192.0   (2.9) 

2 179.9   (6.6) 175.4   (10.0) 

2.3. Tone Production 

2.3.1. Speech elicitation 

Prior to each tone identification trial, the children were 

shown two black-and-white pictures and asked to name 

them spontaneously. If a child was unsure, an attempt 

was made to elicit the word by asking a question such as 

‘Is this a boy? No it’s a ____’.  All data were recorded 

using either a Sony portable cassette recorder 

TM5000EV with an internal microphone or an AIWA 

Walkman recorder and microphone system.  

2.3.2. Acoustic analysis 

Speech samples were digitized using ‘Speech Analyzer’ 

then phonetically labeled to segment the onset consonant 

from the rhyme. Phonetic labels and pitch values 

(sampled at 1ms) were exported from ‘Speech Analyzer’ 

in a program called Pitch which was developed by Prof. 

Blamey to facilitate reading and analysis of different 

values of F0 along the pitch contour. F0 offset for each 

tone token was plotted versus F0 onset. Separate ellipses 

encompassing 95% tokens of each tone type were then 

calculated using a Principal Components Analysis. 

Tones 55, 25 and 21 define the shape and extent of the 

tonal space in Cantonese (Fig. 1). Lines drawn from the 

centre of the ellipses describe the tonal space which is 

triangular in shape. The area of this triangle is the mean 

area of the tonal space used by the speaker.  
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Figure 1: Plot of F0 offset versus F0 onset for a male 

speaker. 55 = black dot; 25 = red diamond; 21 = 

green square; The triangle drawn between the centers 

of these tone ellipses maps out the tonal space. 

2.4. Tone Identification 

2.4.1. Method 

All testing was carried out in a sound booth at the clinic 

in the Prince of Wales Hospital, Hong Kong. Stimuli 

were presented through a portable computer fitted with a 

16-bit built-in sound card via a self-amplified portable 

BOSE Lifestyle Powered Speaker with a wide frequency 

response. The speaker was placed at ear height when the 

child was seated, directly in front of the child and at a 

distance of 1 meter. It was calibrated to 68dBA before 

each session using a sound level meter (CEL-245 Digital 

Impulse) and a 1kHz 1/3 octave noise level wave file. 

After naming each picture, the child was told to listen 

carefully to the stimulus and point to the picture 

corresponding to the word they heard. There were two 

trials for each contrast. The stimulus for the second trial 

could be the same or different to the stimulus for the first 

trial. Order of presentation of the tone contrasts was 

randomized among children. 

3. Results 

3.1. Tone production 

The tonal spaces for the implant users tended to be 

rather small and as might be expected, there was a lot of 

overlap in the ellipses defining the locations of each tone 

type within this small tonal space. The median tone area 

was: 40 Hz
2
 (range = 2.57 – 3970Hz

2
). Four children 

had tonal spaces > 1000 Hz
2
. Twelve children had 

negligible tonal spaces (i.e., < 60 Hz
2
).  The tonal spaces 

used by the normally-hearing children by contrast were 

very large (median = 4453 Hz
2
; (range = 1513 – 8249 

Hz
2
). Despite the large tonal areas used by these 

children, there was also considerable overlap among 

tonal ellipses reflecting a broad smear of frequencies 

used when producing each tone type. Barry & Blamey 

[7] argue that children aged from 4 – 6 years are still 

developing the ability to normalize for frequency 

differences among tones.  

3.2. Tone identification 

Percentage correct tones scored for each contrast and for 

each child were calculated. As one might have predicted 

large group differences are apparent in the data with 

better overall performance being observed among the 

normally hearing children. Group average correct scores 

within the implant users ranged from 46% to 73% 

correct. This variability in performance is similar to 

results reported by Ciocca et al., [4]. The lowest percent 

correct scores were obtained for contrasts, 25 versus 23 

and 33 versus 22. The highest scores were for the 

contrast between 55 and 23. Four children obtained 

scores of 100% correct for this contrast.  

The highest percentage correct score obtained by 

the normally hearing children was 96%. This score was 

achieved for three tone contrasts (55 versus 23; 55 

versus 22; and, 25 versus 33). The lowest was 63% 

correct for the tone contrast 33 and 22.  

Mean overall correct tone identification for the 

normally-hearing children was 88% (s.d = 7.6; range = 

74 to 98%). Among the implant users the mean score 

was 58.4% (s.d. = 14; range = 47 to 87%). Four implant 

users achieved correct tone identification scores greater 

than or equal to 77% (the lowest score achieved by a 

normally-hearing child). 

3.2.1. Correlation between tone perception and production 

A scatter plot of percent correct tone identification 

versus tonal area is shown in figure 2. To quantify the 

relationship size of tone area and performance on tone 

identification task, one-tailed Pearson’s product moment 

correlations were performed for the group of implant 

users (r = 0.863, p<0.001); the group of normally-

hearing children (r = 0.525, p = 0.091, n.s.); and all the 

children (r  = 0.826, p < 0.001). The data as indicated in 

the plot is essentially bimodal. It is possible that the 

correlation between tone area and tone identification 

score is unduly influenced by the bimodal distribution. 

Further correlations were performed where the implant 

users with identification scores similar to those for 

normally hearing children were excluded from the group 

of implant users. As one would predict from Fig. 1, the 

correlation between tone area and tone identification 

score disappeared (r = -0.095, p=0.382, n.s.). The 

implant users with tone identification scores in the 

normal range were then grouped with the normally-

hearing children’s data and a significant correlation 

between tone area and tone identification score was 

observed (r = 0.686, p < 0.01). 
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Figure 2: Plot of tonal area versus tone identification 

performance. 

4. Discussion and Conclusion 

Tone acquisition for a profoundly hearing-impaired pre-

linguistically-deafened child is considerably more 

difficult than either consonant or vowel acquisition. 

Firstly, the cochlear implant does not provide sufficient 

information to aid in tone identification e.g., Ciocca et 

al., [4]. Secondly, unlike consonants and vowels there 

are few visual cues to supplement deficiencies in 

auditory input. Despite these problems, four implant 

users had tonal areas similar to those of normally-

hearing children. More intriguingly, while the other 

implant users performed at chance on the tone 

identification task, their scores were similar to those 

obtained by normally-hearing children with similar tonal 

areas. Peng et al., [11] also report an association 

between tone production and tone perception for pre-

linguistically deafened implant users learning Mandarin. 

The question is how did these children acquire better 

perceptual skills?  We would like to suggest that given 

that the implant provides sufficient information for 

discriminating between different tones (Barry et al., [6]), 

habilitation may have helped some children use these 

cues to kick-start the sort of virtuous cycle implicit in 

Blamey et al.,’s conclusions [1] whereby developments 

in speech production and language have aided in further 

improvements in perception. It is interesting to note at 

this point that Fok [12] also found that training of tone 

production helped children refine their perceptual 

judgments. In conclusion, it seems that habilitation with 

an emphasis on developing tone production skills and 

trying to integrate these into the child’s linguistic system 

may play an important role in helping children utilise 

small discriminable differences between tones to 

develop usable internal representations for different 

tones thus further enhancing their tone identification 

abilities.    

5. Acknowledgements 

This study was funded by an Australian Postgraduate 

Award and Victoria Fellowship awarded to Dr Johanna 

Barry. The study was approved by the Clinical Research 

Ethics Committee at CUHK. We would like to thank all 

the families and children without whom this study could 

not have been undertaken. We also thank Prof. Peter 

Blamey for developing ‘Pitch’ which facilitated analysis 

of the data.    

6. References 

[1] P. J. Blamey, J. Z. Sarant, L. Paatsch, J. G. Barry, et al., 

"Relationships among speech perception, production, 

language, hearing loss, and age in children with impaired 

hearing," J. Speech Lang. Hear. Res., vol. 44, pp. 264-

285, 2001. 

[2] P. J. Blamey, "Development of spoken language by deaf 

children," in Handbook of deaf studies, language, and 

education,, M. Marschark and P. Spencer, Eds. Oxford: 

Oxford University Press, 2004, pp. 232-246. 

[3] J. Barry, P. Blamey, and J. Fletcher, "Factors affecting 

the acquisition of vowel phonemes by pre-linguistically 

deafened cochlear implant users learning Cantonese," 

submitted, 2005. 

[4] V. Ciocca, A. L. Francis, R. Aisha, and L. Wong, "The 

perception of Cantonese lexical tones by early-deafened 

cochlear implantees," J. Acoust. Soc. Am., vol. 111, pp. 

2250-2256, 2002. 

[5] J. Barry, P. Blamey, L. Martin, et al., "Tone 

discrimination in Cantonese-speaking children with 

cochlear implants," Clin. Ling. Phon., vol. 16, pp. 79-99, 

2002. 

[6] J. G. Barry, P. J. Blamey, and L. F. A. Martin, "A 

multidimensional scaling analysis of tone discrimination 

ability in Cantonese-speaking children using a cochlear 

implant," Clin. Ling. Phon., vol. 16, pp. 101-113, 2002. 

[7] J. G. Barry and P. J. Blamey, "The acoustic analysis of 

tone differentiation as a means for assessing tone 

production in speakers of Cantonese," J. Acoust. Soc. 

Am., vol. 116, pp. 1739-1748, 2004. 

[8] K.Y.S. Lee, "The construction and validation of a speech 

perception test for Cantonese-speaking children," Ph.D. 

Thesis. The Chinese University of Hong Kong, 2003. 

[9] C. Craig, "GoldWave," 4.02 ed. St Johns: GoldWave Inc., 

1998. 

[10] Speech tools support, "Speech Analyzer," 1.5, Test 

version 10.6 ed. Dallas, Tx: Summer Institute of 

Linguistics, 1999. 

[11] S.-C. Peng, J. B. Tomblin, H. Cheung, Y.-S. Lin, et al., 

"Perception and production of Mandarin tones in pre-

lingually deaf children with cochlear implants," Ear & 

Hearing, vol. 25, pp. 251-264, 2004. 

[12] A. Fok, "The teaching of tones to children with profound 

hearing impairment," British Journal of Disorders of 

Communication, vol. 19, pp. 225-236, 1984. 

205

Proceedings of ISCA Workshop on Plasticity in Speech Perception (PSP2005); London, UK; 15-17 June 2005


