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ABSTRACT 
This paper is an aerodynamic study of the nasals and vowel 
nasalization in Hong Kong Cantonese (HKC) by analyzing 
synchronized nasal and oral airflows. The nasal airflow 
volume for the vowels in both oral and nasal contexts and 
for the syllable-final nasals [-m, -n, -N] were obtained. 
Results show that (i) the nasal airflow volume for the 
nasalized vowels in the (C)V:N and (C)VN syllables is 
positively correlated with the vowel duration and  inversely 
correlated with the vowel height; (ii) the degree of 
contextual nasalization for the vowel depends on the vowel 
type as well as the nasal type in the (C)V:N and (C)VN 
syllables; (iii) the total nasal airflow volumes for the 3 nasal 
consonants vary substantially; and (iv) a relatively smaller 
nasal airflow volume is observed for the nasals and for the 
nasalized vowels associated with a low falling tone 21. 
 

1. INTRODUCTION 
The aerodynamic characteristics of the nasal consonants 
and vowel nasalization have been studied in a number of 
languages, such as in French [1], Akan [3], Yoruba [4], and 
Australian English [5]. The present study analyses the 
aerodynamic properties of the rimes in the (C)V:N (N =    
[-m], [-n] or [-N]) and (C)VN syllables in Hong Kong 
Cantonese [2] (hereafter, HKC), using the Scicon PCquirer 
multi-channel data acquisition system for obtaining the oral 
and nasal airflows. It aims to determine (i) the degree of 
nasality for the vowels in the nasal contexts; (ii) the degree 
of contextual nasalization for the vowels by comparing the 
nasal airflow volume for the vowels in both oral and nasal 
contexts; (iii) the differences in the level of nasality for the 
3 syllable-final nasals by obtaining the total nasal airflow 
volume; and (iv) any relation between the tone type and the 
nasal airflow volume for the nasals and the nasalized 
vowels. 
 

2. METHOD 
2.1 Subjects 
2 male native speakers of HKC served as the subjects. Both 
were university students in their early twenties at the time 
of data elicitation.  
 
2.2 Test material and recording 
Two sets of word lists were used, one for the vowels in the 
nasal contexts and the other for the vowels in the oral 
contexts. The first set consisted of 3 randomized lists of 34 
meaningful test monosyllables of the (C)V:N and (C)VN 
structures, associated with a long tone (i.e., a high level 55, 
a mid level 33, a low-mid level 22, a low-mid to low falling 
21, a low-mid to high rising 35, or a low-mid to mid rising 
13). The rimes in the test words are listed in Table 1. 
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 type Rimes in the test monosyllables 
[im, am, in, yn, çn, un, an, EN, øN, çN, aN] 
[åm, Pn, ån, IN, UN, åN] 

1: The rimes in the test monosyllabic words in HKC. 

second set consisted of 3 randomized lists of 
ngful test monosyllables of the (C)V: or (C)VS 
les, associated with a long tone or a short tone (i.e., 5, 
). The vowels used in this set were the same as those 
 first set. Each test word was embedded in a carrier 
ce, [NçÄ tUkï ___ peiÿ leiÄ thENä] “I read ____ for 
to) listen”. The recordings were performed in a 
-proof booth (IAC), using the Scicon PCquirer 
channel data acquisition system fitted with oral and 
masks and a microphone. The speakers, wearing the 
, were instructed to utter the word list at a normal rate 
ech. Three readings of each word list were recorded.  

nalysis 
udio signals together with oral and nasal flow data 
concurrently transferred to the interface system 
h the audio and airflow transducers and subsequently 
d, digitized and then stored into the computer. The 
y of the waveform, oral flow and nasal flow for a test 
syllable in CVN is shown in Figure 1.  

 

 
 1: The display of the waveform, oral flow and nasal 
or a test monosyllable in CVN. 

s study, audio signals were captured at a default 
ing rate of 11,000 Hz and the DC channel (for both 
nd nasal flows) at a default 1,375 Hz. The speech data 
hen analyzed, using the Scicon PCquirer 5.0 software. 
mplitudes (in ml/sec) of the nasal airflow curve were 



measured and logged. The logged data were used to 
compute the area under the nasal airflow curve. The area is 
taken to be the total amount of nasal airflow volume (in ml). 
Delimiting the boundaries of the vowel and nasal segments 
were made with the aid of the waveform displays and 
wide-band spectrograms. 
 

3. RESULTS AND DISCUSSION 
3.1 Result 1 – Nasal airflow volumes for the vowels 
In this study, the degree of nasality for the nasalized vowels 
in the test (C)V:N and (C)VN syllables is determined by the 
total amount of the nasal airflow volume for the vowel 
segment, rather than the duration of the nasalized portion of 
the vowel. A higher amount of the nasal airflow volume 
suggests a higher degree of nasality. To determine the oral 
baseline, the nasal airflow volume for the vowels in the oral 
context was measured. Subsequently, the nasal airflow 
volume for vowels in the nasal context was compared with 
that for the vowels in the oral context. Any nasal airflow 
volume above the baseline is taken to indicate the 
contextual nasalization. A higher level above the baseline 
suggests a higher degree of contextual nasalization. 
As the results for the 2 speakers are similar, the data from 
one speaker is presented here. In Figures 2, 3 and 4, the dots 
linked by a dotted line represent the nasal airflow volume 
for the vowels [i, y, E, ø, a, ç, u, I, P, å, U] followed by 
a syllable-final bilabial nasal [-m] (Figure 2), a 
syllable-final alveolar nasal [-n] (Figure 3), or a 
syllable-final velar nasal [-N] (Figure 4), associated with 
different tone types. The dots linked by a solid line 
represent the nasal airflow volume for the vowels in the 
oral context, associated with different tone types. 
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Figures 2a, 2b & 2c: Nasal 
airflow volumes for the 
vowels [i, a, å] in the oral and 
bilabial nasal [-m] contexts. 
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Figures 3a to 3g: Nasal airflow 
volumes for the vowels 
[i, y, P, ç, u, a, å] in the oral 
and alveolar nasal [-n] 
contexts. 
 

ures 2b, 3f and 4f, the low vowel [a] is correlated 
he largest nasal airflow volume of up to 16ml in all 3 
contexts. When the nasal airflow volume for it in the 
ontext is also considered, it is found that vowel 
dergoes a larger contextual nasalization before [n] 
] than before [m]. This is indicated by the largest 
ng of the level of the nasal airflow volume from the 
aseline for [a] in the 2 nasal contexts. The degree of 
tual nasalization for [a] is small in the bilabial nasal 
t.  
s 2c, 3g and 4g show that the short vowel [å] is 
tently correlated with a smaller nasal airflow volume 
 – 5ml) in all 3 nasal contexts. When the nasal airflow 
e for vowel [å] in the oral context is considered, it 

goes a larger contextual nasalization before [m]. This 
icated by a large uplifting of the level of the nasal 

 volume from the oral baseline (≤3ml) for [å] in the 
al nasal context. However, the degree of contextual 
zation for [å] is small before [n] and [N]. 
C, all the other vowels [i, y, E, ø, ç, u, I, P, U] can 
ccur in one or two nasal contexts. Vowel [i] can only 

 before [m] and [n] (Figures 2a & 3a), the nasal 
 volumes for it in the 2 nasal contexts (≈5ml – 10ml) 



are weak as indicated by the slight raising of the level of the 
nasal airflow volume from the oral baseline for [i] in the 
two nasal contexts. Vowel [ç] can only occur before 
[n] and [N] (Figures 3d & 4d), and it undergoes a larger 
contextual nasalization in the alveolar nasal context than in 
the velar nasal context. 
Short vowel [P] and high back vowel [u] have a low degree 
of nasality and do not undergo contextual nasalization in 
any nasal contexts. This is indicated by the near overlap of 
the low level of nasal airflow volume (≈5ml) for [P] and [u] 
and their oral baselines (≤5ml) (Figures 3c & 3e). 
 

a. 

 

b. 

 
c. 

 

d. 

 
e. 

 

f. 

 
g. 

 

 
Figures 4a to 4g: Nasal airflow 
volumes for the vowels 
[I, E, ø, ç, U, a, å ] in the oral 
and velar nasal [-N] contexts. 
 

 
Short vowels [I] and [U] have the lowest degree of nasality 
(≤2ml) in comparison with other vowels, and they undergo 
minimal contextual nasalization. This is indicated by a 
small degree of uplifting of the level of nasal airflow 
volume off the oral baselines for [I] and [U] (Figures 4a & 
4e). The nasal airflow volume for vowels [y] and [E] before 
the nasals ([n] and [N] respectively) are no more than 10ml 
(Figures 3b & 4b). They undergo minimal contextual 
nasalization when they are associated with the level tones 
55, 33 and 22. The nasal airflow volume for vowel [ø] 
before [N] and even in the oral context is related with the 
tone type associated. The degree of contextual nasalization 
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3.2 R
s high when it is associated with the level tones 55, 33 
2, but when the tone type associated changes to a 
 or a rising tone, the degree of contextual nasalization 
es smaller.  
clusion, the nasal airflow volume for the vowels in 
)V:N and (C)VN syllables is positively correlated 

he vowel duration and  inversely correlated with the 
 height.  
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Figures 5a, 5b & 5c: Nasal 
airflow volumes for [m] in 
C[im], C[am] and C[åm]. 
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Figures 6a to 6g: Nasal 
airflow volumes for [n] in 
C[in], C[yn], C[Pn], C[çn], 
C[un], C[an] and C[ån]. 
 

esult 2 – Nasal airflow volumes for the nasals 
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Figures 7a to 7g: Nasal 
airflow volumes for [N] in 
C[IN], C[EN], C[øN], C[çN], 
C[UN], C[aN] and C[åN]. 
 

 
The level of nasality for the nasals [m, n, N] in the (C)V:N 
and (C)VN syllables is determined by the total amount of 
the nasal airflow volume (in ml) for the nasal segment. In 
Figures 5, 6 and 7, the dots linked by a solid line represent 
the nasal airflow volume for the bilabial nasal [m] (Figure 
5), the alveolar nasal [n] (Figure 6) and the velar nasal [N] 
(Figure 7), preceded by different vowels and associated 
with different tone types. 
The nasal airflow volume for the nasals in the (C)V:N and 
(C)VN syllables is affected by the vowel and tone. Nasals 
[n] and [N] have similar pattern of the level of the nasal 
airflow volume (≈20ml – 35ml) after the low vowel [a] 
associated with any tone except a low falling tone. The 
level is substantially lower when the vowel is associated 
with low falling tone 21. The level of the nasal airflow 
volume for [m] is relatively higher (≈35ml – 50ml) than 
those for [n] and [N].  
Similarly, nasals [n] and [N] have similar pattern of the 
level of the nasal airflow volume (≈40ml – 50ml and ≈40ml 
– 60ml, respectively) after the short vowel [å] when 
associated with any tones except the low falling tone and 
the rising tone. The level is substantially lower when the 
tone on the vowel is a low falling tone 21 or a low-mid 
rising tone 13. Again, the level of the nasal airflow volume 
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] is relatively higher (≈55ml – 60ml) than for [n] and 

uld be added that the 3 nasals generally have a higher 
airflow volume when they are preceded by the short 
 [å] rather than by the low vowel [a]. A comparison 
 figures (2b and 5b, 3f and 6f, and 4f and 7f) shows 
e degree of contextual nasalization for the vowel is 
ely correlated with the level of nasal airflow volume 
 following nasal. This is also true for Figures 2c and 
 and 6g, and 4g and 7g. Furthermore, a comparison of 
s 5, 6 and 7 shows that the bilabial nasal generally 

e highest level of nasal airflow volume (≈50ml). 
bserved that tone affects the level of nasal airflow 
e for both vowels and nasals. A comparison of 
s 2a, 2b, 3a, 3b, 3e, 4a and 4f shows that the nasal 
 volume for the vowels drops when the tone on the 

 is a low falling tone 21. Similar patterns are also 
ed in Figures 5a, 6a, 6b, 6f, 7d and 7f for the nasals. 

4. CONCLUDING REMARKS 
 on the aerodynamic data from HKC, it is concluded 
) the nasal airflow volume for the nasalized vowels in 
)V:N and (C)VN syllables is positively correlated 

he vowel duration and  inversely correlated with the 
 height; (ii) the effect of contextual nasalization on 
wel depends on the vowel type as well as the nasal 

n the (C)V:N and (C)VN syllables; (iii) the total nasal 
 volumes for the 3 nasal consonants vary 

ntially; and (iv) a relatively smaller nasal airflow 
e is observed for the nasals and for the nasalized 
s associated with a low falling tone 21. 
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