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Abstract 
Previous studies have shown that nasal/nasalized vowels can 
be produced with breathier voice, possibly due to speech 
enhancement or misperception [1-2, 20]. Thus, this study 
investigates whether the nasal vowels of Chaoshan Chinese 
are also breathier than their oral congeners, and if so, how 
creakiness of the tone /212/ interacts with the nasality and 
breathier voice. 

Electroglottograph (EGG) data were collected from native 
speakers of Chaoshan Chinese. Contact Quotient (CQ) data of 
10 speakers show that the nasal vowels of this language can 
also be breathier than the oral vowels, but such difference in 
voice quality is optional and speaker dependent. In the 
condition of tone /212/ with periodic voice, creaky voice of 
the tone may override the redundant breathiness of the nasal 
vowels. However, when tone /212/ is produced with aperiodic 
voice as observed in the oral vowels, data of HNR05 show 
that the nasal counterparts are more periodic; a hypothesis is 
given to explain it. 
Index Terms: nasal vowel, breathy voice, creaky voice, 
speech enhancement, Chaoshan Chinese 

1. Introduction 
Previous studies have demonstrated that, apart from lowered 
velum, nasal/nasalized vowels can be produced with breathier 
voice [1, 2], distinct labial and/or lingual gestures [3-7], and 
different pharyngeal configurations [6, 7]. These constitute the 
“multidimensionality” of the nasal vowel articulation [1]. 
Since there is no comprehensive articulatory study on the 
nasal vowels in Sinitic languages, we are carrying out a 
project to investigate them. This study focuses on the voice 
quality of the nasal vowels in Chaoshan Chinese, a dialect of 
Southern Min spoken in Guangdong province of China.  

The representative dialect of Chaoshan Chinese is spoken 
in Shantou [8]. Its sound inventory is presented in Table 1. 

Table 1: The sound inventory of Shantou dialect [8]. 

Consonants /p pʰ b t tʰ k kʰ ɡ ʔ s z h ʦ ʦʰ m n ŋ l/ 
Vowels /i ɛ a ɔ ɯ u ĩ ɛ ̃ã/ 
Diphthongs /ia  iɔ  iu  ai  au  ɔi  ɔu  ui  uɛ  ua  

ĩã  ĩɔ̃  ĩũ  ãĩ  ãũ  ɔ̃ĩ  ɔ̃ũ  ũĩ  ũɛ ̃ ũã/ 
Triphthongs /iau ĩãũ uai ũãĩ/ 
Tones  /33 55 51 35 212 22 2 5/  

 
The IPA symbols and tone letters used here are based on 

the data collected for this study. The dipping tone /212/ can be 
produced with creaky voice when the F0 is low (Figure 1 
shows two examples); the degree and type of creakiness are 
variable among speakers. Creakiness was also observed in [9]. 
Due to insufficient study on it, it is unknown whether the 

creakiness is a byproduct of low F0, like tone /213/ in 
Mandarin [10]. The phonemic nasal vowels in this language 
derived historically from oral vowels by deleting nasal codas 
or spontaneous nasalization of oral vowels [8]; and this is the 
basis of comparing the oral and nasal vowels. The nasal 
vowels do not have any excrescent nasal consonants [8].  

Nasal vowels are produced with lowered velum, and such 
articulatory gesture introduces nasal formants and anti-
formants, which result in broader F1 bandwidth, lower F1 
amplitude, and higher spectral tilt [11-17]. These consequent 
acoustic features were also found in breathy voice resulting 
from less constricted glottis [2, 18-20]. Possibly due to 
misperception or enhancement, speakers use breathier voice in 
producing nasalized vowels of Yi languages [2] and nasal 
vowels of French [1]. The connection between breathiness 
(due to high airflow) and nasalization also manifests in the 
historical sound change in Chaoshan Chinese, where the oral 
vowels after high airflow consonants were nasalized, such as 
in words 怕 “scared” [pʰã212], 虎 “tiger” [hɔ̃ũ51], 鼻 “nose” 
[pʰĩ22] and so on [21]. Thus, the first research question of this 
study is whether native speakers of Chaoshan Chinese use 
breathier voice in producing the nasal vowels. According to 
previous studies, Chaoshan Chinese does not have any 
phonemic breathy or creaky vowels, or breathy tones.  

In articulation, breathy voice is generally produced with 
less glottal constriction than modal voice and with different 
degrees of noise dependent on the types of breathy voice [22]; 
thus, the contacting percentage of a glottal cycle is lower 
(lower contact quotient (CQ) value in the EGG measurement). 
In contrast, one common articulatory feature of creaky voice is 
greater glottal constriction (except “nonconstricted creak”) 
[23]; thus, the CQ value is higher.  

As mentioned above, tone /212/ is produced with creaky 
voice for some speakers and it can be aperiodic voice and/or 
have high damping. Lower spectral tilt [23-24] and possible 
narrower formant bandwidth [23, 25] of creaky voice are 
against the acoustic features of nasality and breathy voice. 
Thus, the creakiness may be a threat to the cues of nasality; it 
can also be a case of “overlap”, though it is different from 
those in connected speech as discussed in [26]. As there is no 
study on nasal vowels with creaky/aperiodic voice, this study 
will investigate how speakers deal with it. 

 

   
Figure 1: /pa212/ produced by two speakers. The upper 

channel is the EGG signal. 
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2. Method 

2.1. Speakers 

Data of 10 native speakers of Chaoshan Chinese were 
analyzed. These speakers were born in different cities of the 
Chaoshan region, namely Shantou, Chenghai, Chaozhou, 
Raoping, Jieyang and they are speaking the local dialects. All 
of them reported that they lived in Chaoshan till 18 years old, 
except one speaker from Raoping who moved to Guangzhou 
at 11 years old but still speaks Chaoshan Chinese at home. All 
of them can speak Mandarin and English as well, and some of 
them also speak Cantonese. None of them reported any speech 
and/or hearing disorders.  

According to [8], there are only a few differences 
regarding the sound system among those dialects of Chaoshan 
Chinese. The consonants and tones are basically identical, 
while diphthongs /iɔ ĩɔ̃ iau ĩãũ/ in Shantou dialect are /iɛ ĩɛ ̃iɔu 
ĩɔ̃ũ/ in Chaozhou and Chenghai dialects. 

2.2. Materials 

The word list contained 45 (near) minimal pairs of oral and 
nasal vowels in (C)V syllables (C: consonant, V: 
monophthong/diphthong/triphthong) carrying high level tone 
/55/, mid-level tone /33/, low mid-level tone /22/, and low 
dipping tone /212/. However, the number of tokens with /22/ 
is small, so this tone is not included in the analysis. Table 2 
presents some samples from the word list. The word list was 
randomized before presenting to the participants. 

Table 2: Sample syllables in the word list. 

Oral Nasal 
[i55] 姨 “aunt” 
[pɛ55] 爬 “to crawl” 

[ĩ55] 圓 “circle” 
[pɛ̃55] 棚 “shed” 

[pi33] 碑 “stele” 
[kɛ33] 家 “home” 
[a33] 亞 (亞洲) “Asia” 

[pĩ33] 邊 “side” 
[kɛ̃33] 羹 “thick soup” 
[ã33] 揞 “to cover” 

[i212] 意 “intention” 
[kɛ212] 價 “price” 
[ka212] 教 “to teach” 

[ĩ212] 燕 “swallow” 
[kɛ̃212] 頸 “neck” 
[kã212] 酵 “to ferment” 

2.3. Data collection 

The EGG data were collected in a soundproof booth in 2021 
by using the electroglottograph of Voce Vista (model: 7050A). 
Participants were instructed to produce three successive 
repetitions of each word in isolation with a pause between 
each token. EGG, ultrasound, lip movement and audio were 
recorded at the same time.  

2.4. Data analysis 

Since both nasality and breathy voice lead to an increase in 
spectral tilt, acoustic measures like H1*-H2*, H1*-A1* used 
in previous studies (e.g., [22]) to detect non-modal phonation 
in oral vowels become unreliable here. And as lower contact 
quotient (CQ) is related to an increase in spectral tilt [18], CQ 
should be measured to detect the breathy voice in nasal vowels; 
lower CQ indicates breathier voice. In addition, some speakers 
produced tone /212/ with aperiodic voice, where it is difficult 
to obtain reliable CQ values, so for those speakers HNR05 
(harmonic-to-noise ratio under 500 Hz) was used to detect 
aperiodicity, where HNR values will be lower [23]. CQ and 

HNR05 were measured for the vocalic intervals by using 
EggWorks [27] and VoiceSauce [28] respectively. The 
standard percentage method is used in EggWorks, and the 
threshold percent is 25%. Data within each ninth of the token 
were averaged, and the resulting data (9 points for each token) 
were analyzed by using Smoothing Spline ANOVA 
(SSANOVA) to test the differences between the nasal and oral 
vowels. Shading around the curves indicates 95% confidence 
interval; overlap suggests no significant difference.  

As EGG measures the vocal folds vibration at the glottis, 
it is assumed that different lingual gestures will have 
neglectable effect on the EGG data, so all vowels are pooled 
in the analysis. Some recordings were not used because of 
unfamiliar words, spontaneous nasalization of oral vowels, or 
clipping of the EGG signals. Near minimal pairs with onsets 
differing in the amount of airflow were also excluded (e.g., 
unaspirated stop/affricate vs. aspirated stop/affricate, stop vs. 
fricative). The numbers of (near) minimal pairs of oral and 
nasal vowels included in the analysis for each speaker are 
presented in Table 3. 

Table 3: The numbers of (near) minimal pairs of each 
participant included in the analysis. 

 Tone /55/ Tone /33/ Tone /212/ 
01M 24 pairs 42 pairs 23 pairs 
02F 36 pairs 45 pairs 27 pairs 
03M 24 pairs 30 pairs 18 pairs 
04F 30 pairs 40 pairs 28 pairs 
05F 24 pairs 39 pairs 27 pairs 
06M 21 pairs 42 pairs 21 pairs 
07M 21 pairs 25 pairs 12 pairs 
08F 27 pairs 39 pairs 30 pairs 
09M 21 pairs 33 pairs 19 pairs 
10M 27 pairs 37 pairs 30 pairs 

3. Results 
Preliminary data analysis showed that voice quality in the 
nasal vowels is speaker and tone dependent. Thus, the results 
of each participant and tone are presented separately. For 
03M, 05F, 06M and 08F, the third figures for tone /212/ 
present the SSANOVA results of HNR05 rather than CQ. 

3.1. 01M (male speaker, aged 22 from Shantou) 

   
Figure 2: SSANOVA results of CQ of /55 33 212/ (left 

to right). 
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The nasal vowels have lower CQ when carrying tones /55/ 
(the middle part) and /33/, but there is no significant difference 
in the condition of tone /212/, which is produced with creaky 
voice. 

3.2. 02F (female speaker, aged 29 from Chenghai) 

   
Figure 3: SSANOVA results of CQ of /55 33 212/ (left 

to right). 

There is no significant difference between the nasal and oral 
vowels carrying tones /55/, /33/ and /212/ for this speaker. 
Tone /212/ is more variable. 

3.3. 03M (male speaker, aged 28 from Shantou) 

   
Figure 4: SSANOVA results of CQ of /55 33/ (left and 
middle) and the result of HNR05 (dB) of /212/ (right).  

There is no significant difference between the oral and nasal 
vowels carrying tone /55/, and unexpectedly in the condition 
of tone /33/, the oral vowels have lower CQ than the nasal 
ones. HNR05 data show that from 1st to 6th interval the nasal 
vowels are more periodic than the oral vowels. 

3.4. 04F (female speaker, aged 24 from Chenghai) 

   
Figure 5: SSANOVA results of CQ of /55 33 212/ (left 

to right). 

The nasal vowels have lower CQ than their oral congeners 
when carrying tones /55/ and /33/ (in the beginning), but there 
is no significant difference in the condition of tone /212/. 

3.5. 05F (female speaker, aged 22 from Shantou) 

  
Figure 6: SSANOVA results of CQ of /55 33/ (left and 
middle) and the result of HNR05 (dB) of /212/ (right). 

The nasal vowels carrying tone /33/ have lower CQ in the 
latter half. The nasal vowels with /212/ are more periodic than 
the oral vowels. 

3.6. 06M (male speaker, aged 27 from Raoping) 

  
Figure 7: SSANOVA results of CQ of /55 33/ (left and 
middle) and the result of HNR05 (dB) of /212/ (right). 

There is no significant difference between the nasal and oral 
vowels carrying tones /55/ and /33/. However, the nasal 
vowels carrying /212/ are more periodic than the oral vowels. 

3.7. 07M (male speaker, aged 29 from Jieyang) 

  
Figure 8: SSANOVA results of CQ of /55 33 212/ (left 

to right). 

There is no significant difference between the nasal and oral 
vowels carrying tones /55/, /33/ and /212/. Tone /212/ is 
breathier than /55 33/. 
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3.8. 08F (female speaker, aged 22 from Shantou) 

   
Figure 9: SSANOVA results of CQ of /55 33/ (left and 
middle) and the result of HNR05 (dB) of /212/ (right). 

The nasal vowels carrying /212/ are more periodic than the 
oral vowels. 

3.9. 09M (male speaker aged 29 from Chaozhou) 

   
Figure 10: SSANOVA results of CQ of /55 33 212/ (left 

to right). 

There is no significant difference between the nasal and oral 
vowels with tones /55/, /33/ and /212/ for this speaker.  

3.10. 10M (male speaker aged 32 from Shantou) 

  
Figure 11: SSANOVA results of CQ of /55 33 212/ (left 

to right). 

For this speaker, the nasal vowels have lower CQ than the oral 
vowels in the conditions of tones /33 212/.  

4. Discussion and Conclusions 

4.1.  Voice quality of the nasal vowels 

Seven out of ten speakers show lower CQ or higher HNR05 
(for tone /212/) in the nasal vowels, suggesting breathier voice 
or more periodic voice. Due to the shared acoustic features of 

nasality and breathy voice, breathiness in nasal vowels is 
believed to enhance the percept of nasality [1-2, 20]. 

Regarding the breathier voice, this study demonstrates two 
properties of it. First, it is optional. Not all speakers use 
breathier voice in producing nasal vowels, and for those who 
use it, they do not always use it; for example, 05F uses it in 
the condition of tone /33/ but not or less in tone /55/. The nasal 
vowels of 03M are an exception. In the tone /33/ condition, the 
nasal vowels have higher CQ, contrary to the prediction and 
other speakers. The reason is unknown, but it also indicates 
that breathier voice is not necessary. Second, it is variable. 
There is no consistent pattern across speakers regarding when 
(the time) and where (the tone) it occurs. It can occur in the 
initial (04F), middle (01M) or latter (05F) part or the entire 
(04F and 10M) of the vowels. Also, speakers use breathier 
voice in different conditions of tones. For example, 04F uses it 
when the nasal vowels carry tones /55 33/ but not or less in 
tone /212/, while 10M uses it in tones /33 212/ but not or less 
in tone /55/. High variability of voice quality in nasal vowels 
resembles the use of rounding and sublingual cavity in 
producing English [ʃ], which lower the resonance frequency 
and enhance the differences between [s] and [ʃ] [14]. [29] 
showed variation in the amount of lip rounding and the size of 
sublingual cavity employed by speakers. 

4.2. Nasal vowels with creaky voice 

Tone /212/ with creaky voice is classified into two types. First, 
the voice is creaky but still periodic (such as 01M, 02F, 04F, 
09M). In this case, the nasal vowels are not breathier than the 
oral congeners. For speakers who use breathier voice in tones 
/55 33/ (01M and 04F), creaky voice of /212/ may have 
overridden the enhancing gesture. It is possible that for these 
speakers the creaky voice is a defining feature of tone /212/, 
so it cannot be breathier. Second, tone /212/ is produced with 
aperiodic voice in the oral vowels (03M, 05F, 06M, 08F). 
Data of HNR05 show that the nasal counterparts generally are 
more periodic than the oral vowels. It means the nasality can 
override the aperiodicity of tone /212/.  

One reviewer mentioned that the creaky voice may be 
produced with ventricular incursion and/or aryepiglottic 
constriction. It is conceivable since we can see from Figure 12 
that in the framed part the vibrations of the vocal folds only 
appear in the EGG signal (the upper channel), and possibly the 
sound is muffled by the constriction above the glottis. I 
hypothesize that such articulatory gesture may hinder the 
airflow necessary for nasalization, and thus the nasal vowels 
tend to be produced with less constriction than the oral vowels. 
Further studies are needed to corroborate it. 

 

  
Figure 12: /ka212/ (left) and /kã212/ (right) of 06M.  

In sum, the nasal vowels of Chaoshan Chinese can be 
breathier than the oral counterparts, but such difference is 
optional and variable. Creaky voice may override breathiness, 
which is an enhancing and redundant feature, and the nasality 
can override the aperiodicity of tone /212/. 
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