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ABSTRACT 

 
This paper presents an articulatory and acoustic study 
of the nasal vowels [ãŋ ɒ̃ŋ] in Shanghainese. 
Synchronous ultrasound, audio, nasalance, and EGG 
recordings from 4 young native speakers were 
analyzed. Data show that the two nasal vowels in 
Shanghainese are merged and generally produced 
with a retracted and lower tongue position compared 
with the oral vowel [a]. The nasal vowels are 
significantly nasalized from about half of the 
duration. Unlike previous studies of Chaoshan 
Chinese, French, and Yi, a decrease in contact 
quotient during nasal vowels was not observed. 
Rather, one speaker is observed to increase the 
contact quotient (less breathy) for nasal vowels 
carrying modal rising tone [R].  Given the acoustic 
similarities of nasality and breathiness, this 
adjustment may serve to avoid misperception with the 
breathy rising tone [T]. This study betters our 
understanding of the nasal vowel articulation in 
Shanghainese and provides additional data required 
for cross-linguistic comparisons. 
 
Keywords: nasal vowel, Shanghai Chinese, 
ultrasound, EGG, nasalance. 

1. INTRODUCTION 

Existing studies have shown that nasal vowels are 
both acoustically complex and multidimensional in 
articulation [1]. Compared to their oral counterparts, 
nasal vowels show additional nasal formants and anti-
formants, broader F1 bandwidth, lower F1 amplitude, 
and higher spectral tilt (e.g., [2, 3]). These acoustic 
features can be attributed to velopharyngeal coupling 
which occurs as a result of lowering the velum. In 
addition to a lowered velum, nasal vowel production 
may also involve distinct labial and/or lingual 
gestures [1, 4-7], breathier voice [1, 8], and different 
pharyngeal configurations [5, 7]. Such complexity 
means that formant frequency analysis alone is less 
reliable for determining the underlying articulatory 
gestures, necessitating the use of tools like ultrasound 
tongue imaging to observe the gestures directly.  

This study investigates the articulation of nasal 
vowels in Shanghai Chinese (Shanghainese) from the 
perspectives of lingual articulation, nasalance, and 
voice quality. Formant frequency data will also be 

reported. Shanghainese differs from Shanghai 
Mandarin, which is a Mandarin dialect spoken in 
Shanghai. Shanghainese and Shanghai Mandarin are 
not mutually intelligible. Studies on the sound system 
of Shanghainese (e.g., [9-15]) are abundant, but 
comprehensive articulatory and acoustic study of its 
nasal vowels remains lacking. 

The Shanghainese low vowels, both oral and 
nasal, have been given a range of transcriptions, as 
shown in Table 1. In Chinese literature, the low 
central vowel [ä] is usually transcribed with the non-
IPA symbol [A], reproduced here. Shanghainese has 
one low oral vowel, typically transcribed in open 
syllables as [a], [ɑ], or [A]. Some (but not all) studies 
report raising of this vowel to [ɐ] in checked syllables. 
While Shanghainese historically had two low nasal 
vowel phonemes (/ã/ and /ɒ̃/), recent work reports a 
merger of the two categories among young speakers. 

 
 In CV In CVʔ In CṼ 
Chao [9] 
(ca. 1910s) 

[ɑ] [A] [ã], [ɒ̃] 

Xu & Tang [10] 
(ca. 1930s-1950s) 

[A] [A] [ã], [ɒ̃] 

Xu & Tang [10] 
(ca. 1960s-later) 

[A] [ɐ] [Ã] 

Qian [11] 
(ca. 1980s) 

[A] [ɐ] [Ãɲ] or [Ã] 
or [ã ɒ̃] 

Qian [11] 
(ca. 2000s) 

[A] [ɐ] [Ã] 

Zee [12] 
(ca. 1950s) 

[a] [a] [aŋ], [ɔŋ] 
([ãŋ] young 
speakers) 

Chen & 
Gussenhoven [13] 
(ca. 1950s-1960s) 

[a] [ɐ] [ɐ], [ɑ] 
(nasalized 
before [ŋ]) 

Chen [14] 
(ca. 1970s-1980s) 

[a] [a] [ã ɑ̃] 

Chen [14] 
(ca. 1990s) 

[a] [ɐ] [Ã] 

Shen [15] 
(young speakers 
in 1981) 

[a] [a] [ã], [ɔ̃] 

Table 1: Low vowel transcriptions in previous 
studies, with approximate speaker birth years. 
  
Previous work regarding the degree to which the 

nasal vowels are nasalized is insufficient. Only Fung 
& Lau [16] report nasal airflow data from one 
Shanghainese speaker and show that the two nasal 
vowels are fully nasalized throughout their duration. 

3. Speech Production and Speech Physiology ID: 574

1012



Given the limited data available, this study will 
examine the time course of vowel nasalization 
through nasalance. 

Some acoustic features of nasal vowels, such as 
broader F1 bandwidth and higher spectral tilt, 
resemble those of breathy voice [17]. Previous studies 
have found that nasal/nasalized vowels in Chaoshan 
Chinese [8], French [1], and Yi [18] can be produced 
with breathier voice, due either to misperception or 
acoustic enhancement [1, 18]. Interaction of voice 
quality and nasality is of particular interest for 
Shanghainese, given that tone [T] is produced with 
breathy (whispery) voice [19]. Although some studies 
report the loss of breathy voice on [T] among young 
speakers [20], this study will also investigate the 
potential interaction between vowel nasality and 
breathy voice in syllables bearing the tone [T]. 
Acoustic measures typically used to detect breathier 
voicing, e.g., H1-H2 and H1-A3, are unreliable with 
the presence of nasality, and thus voice quality will 
be analyzed through electroglottography. 

Through a combination of synchronous acoustic, 
ultrasound, electroglottographic, and nasalance data, 
this study will investigate: 

1. The tongue positions and acoustic features of 
the Shanghainese vowels [ɐ, ãŋ, ɒ̃ŋ] in 
comparison with [a]. 

2. The time course of nasalization for the nasal 
vowels, to determine whether the vowels are 
fully or partially nasalized. 

3. Whether speakers of Shanghainese also use 
lower contact quotient (breathier voice) in 
producing the nasal vowels, and how the 
breathy voice of tone [T] interacts with 
nasality. 

2. METHODS 

2.1. Speakers 

Data from 4 native speakers of Shanghainese (2 men, 
2 women) were analyzed. They are university 
students in their early twenties and lived in Shanghai 
prior to age 18. Urban Shanghainese is the primary 
language spoken in their families, although they are 
also proficient in Mandarin and English. None of the 
speakers reported speech or hearing disorders. 

2.2. Materials 

The word list contained 17 (near) minimal sets (68 
words plus 5 additional (C)Vʔ syllables) of the low 
vowels in (C)(w)V, (C)Vʔ and (C)(w)Ṽ syllables 
carrying all the Shanghainese tones /p R T q ˥/. Tones 
/p R T/ are carried by (C)V, (C)Ṽ and (C)Vŋ syllables, 
while tones /q ˥/ are only carried by (C)Vʔ syllables. 

The word list also contained 57 fillers with rimes [i u 
o ɪŋ ʊŋ əŋ]. Sample sets are provided in Table 2. 
 

CV CVʔ CṼ 
[kad] 街 “road” [kɐʔ˥] 夾 

“clip” 
[kãŋd] 羹  
“thick soup” 
[kɒ̃ŋd] 江 
“large river” 

[ʦai] 債 “debt” [ʦɐʔ˥] 著  
“to wear” 

[ʦãŋi] 帳  
“accounts” 
[ʦɒ̃ŋi] 壯 
“chubby” 

[aj] 鞋  
“shoes” 

[ɐʔk] 匣 “box” [ãŋj] 杏 
“apricot” 
[ɒ̃ŋj] 項 “item” 

Table 2: Sample (near) minimal sets in the word 
list. 

2.3. Data collection 

We use a similar equipment setup to that of Carignan 
[1]. Synchronous ultrasound, audio, lip video, 
electroglottograph (EGG) and nasalance recordings 
were made in a sound-attenuated booth at the 
University of Hong Kong.  

Ultrasound images of the tongue were recorded at 
a typical rate of 84 frames per second using a 
SonoSpeech Micro ultrasound system. Participants 
wore a headset [21] to prevent movement of the 
cameras and ultrasound transducer. Audio recordings 
were captured using an Earthworks Ethos 
supercardioid condenser microphone and a Sound 
Devices USBPre2 preamplifer. Audio was recorded 
to a Denon F650R solid state recorder at a 44.1 kHz 
sampling rate and 16 bit sampling depth. Ultrasound, 
audio, and lip video recordings were synchronized in 
Articulate Assistant Advanced (AAA) [22]. EGG 
recordings were made using a Voce Vista 
electroglottograph (model: 7050A). Nasalance was 
recorded using the Glottal Enterprises Nasalance 
Separator Handle. This system comprises a plate held 
against the participant’s upper lip to separate the oral 
and nasal audio signals, rather than a Rothenberg 
mask which seals the nose and mouth, so high fidelity 
audio recordings can be made at the same time. 
Output from the EGG and Nasalance meter, as well 
as the speech and synchronization audio signals from 
AAA, were recorded simultaneously on an iMac 
using Audio Hijack. 

Syllables written in simplified Chinese characters 
were presented in AAA in a unique pseudorandom 
order for each participant. Participants were 
instructed to read four successive repetitions of each 
syllable in isolation with a short pause between 
repetitions. 
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