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ABSTRACT

This paper presents an articulatory and acoustic study
of the nasal vowels [32° D"] 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 [1]. Given the acoustic
similarities of nasality and breathiness, this
adjustment may serve to avoid misperception with the
breathy rising tone [4]. This study betters our
understanding of the nasal vowel articulation in
Shanghainese and provides additional data required
for cross-linguistic comparisons.
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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
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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 [4] is usually transcribed with the non-
IPA symbol [A], reproduced here. Shanghainese has
one low oral vowel, typically transcribed in open
syllables as [a], [a], or [A]. Some (but not all) studies
report raising of this vowel to [e] in checked syllables.
While Shanghainese historically had two low nasal
vowel phonemes (/a/ and /b/), recent work reports a
merger of the two categories among young speakers.

InCV_ | InCV? | InCV
Chao [9] [a] [A] (4], [0]
(ca. 1910s)
Xu & Tang [10] [A] [A] [2], [D]
(ca. 1930s-1950s)
Xu & Tang [10] [A] [e] [A]
(ca. 1960s-later)
Qian [11] [A] [e] [A"] or [A]
(ca. 1980s) or [AD]
Qian [11] [A] [e] [A]
(ca. 2000s)
Zee [12] [a] [a] [a"],  [97]
(ca. 1950s) ([a"] young

speakers)

Chen & [a] [e] [e], [a]
Gussenhoven [13] (nasalized
(ca. 1950s-1960s) before [n])
Chen [14] [a] [a] [aa]l
(ca. 1970s-1980s)
Chen [14] [a] [] [A]
(ca. 1990s)
Shen [15] [a] [a] [a], [3]
(young speakers
in 1981)

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.
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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 [4] is produced with
breathy (whispery) voice [19]. Although some studies
report the loss of breathy voice on [4] among young
speakers [20], this study will also investigate the
potential interaction between vowel nasality and
breathy voice in syllables bearing the tone [4].
Acoustic measures typically used to detect breathier
voicing, e.g., HI-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 [e, 3", D] 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 [4] 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)V? syllables) of the low
vowels in (C)(w)V, (C)V? and (C)(w)V syllables
carrying all the Shanghainese tones /N1 41 1/. Tones
N4 4/ are carried by (C)V, (C)V and (C)Vy syllables,
while tones /4 1/ are only carried by (C)V? syllables.
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The word list also contained 57 fillers with rimes [i u
o m v ag]. Sample sets are provided in Table 2.

CvV CV? cv
[kaV] {5 “road” | [ke?1] 7% [kan] 22
“clip” “thick soup”
[kdN] 7T
“large river”
[tsad] {& “debt” | [te?1] % [t5a9] T
“to wear” “accounts”
(5] i
“chubby”
[ad] [e21] [ “box” | [@4] &
“shoes” “apricot”
[DYA] T “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 FEarthworks 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 wusing 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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2.3. Data analysis

Tongue contours and formant frequencies were
extracted at a single point during the steady state
portion of the vowel. Tongue contours were tracked
in AAA using a pre-trained MobileNetl.0-based
neural network in DeepLabCut [23]. Data were
analyzed with polar SSANOVA [24].

The nasalance recordings provide two audio
channels, including both a nasal channel (Ax) and an
oral channel (Ao). To see the time course of vowel
nasalization, nasal consonants following the nasal
vowels were excluded when present. RMS amplitude
values were measured at 20% intervals during the
vowel for both channels (Ao and Ax). Nasalance was
calculated using the formula Ax / (Ao + Ax), where a
higher value indicates a higher degree of nasalization.

For the EGG data, since lower contact quotient
(CQ) is related to higher spectral tilt [25], a shared
acoustic feature of nasality and breathy voice, CQ
was measured in nasal vowels; a lower CQ value
indicates breathier voice. The data were obtained
using EggWorks [26] (hybrid method [27]). Data
within each fifth were averaged in VoiceSauce [28].
Each tone was analyzed separately, given that tones
may be produced with different voice qualities. Tone
[\] is produced with glottalization at the end, making
it difficult to obtain reliable CQ values, so this tone
was excluded. Both nasalance and CQ values were
analyzed with SSANOVA. Shading around the
splines indicates 95% confidence interval and overlap
of the shading suggests no significant difference.

Some data were excluded due to mispronunciation
or clipping of the EGG and/or nasalance recordings.
The numbers of tokens included are shown in Table 3
(following references).

3. RESULTS

This section presents tongue contours and formant
frequencies of the low vowels, as well as nasalance
and contact quotient data for the nasal vowels.
Although it has been reported that the two nasal
vowels [3"D"] have merged for young speakers
[10, 11, 12, 14], we report results for each vowel
separately, given that the merger is relatively recent
and previous studies are mainly impressionistic.
SSANOVA analysis of tongue position (Figure 1)
reveals that, for SHO1F, SHO1M and SHO2F, the oral
vowel [a] is higher than [e 2" ©"]. For all speakers, the
nasal vowels are more retracted than the oral vowels.
Acoustic data reveal that the F1 of [e] tends to be
lower than that of [a], although the ellipses for the two
vowels still overlap considerably, particularly for
SHO2F. Consistent with the tongue contours, [3" D"]
tend to have a lower F2 than the oral vowels, with the
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exception of SHO2F. Although the nasal vowels show
a lower tongue position than the oral vowels, the F1
of the two nasal vowels usually does not exceed that
of [a], as would be predicted by the difference in
tongue position. This effect can be attributed to the
lowering effect that nasalization has on F1 [29]. In
accordance with previous work, this study confirms
that the two nasal vowels have merged in production.

SHO1F SHO1M
U SIS RS
7 TN / N
/ N / \,
/ N\ / A
\}\\
/ Yo
i |
{ 3 Vowel
1 !
I 1 a
== 5
SHO2M SHO2F B ;
g = e
Vs S\ i
=R
/ / \’\-E_—.= ’/ \\\
{ =3
1
‘|

|
%

—
e w e —m—e =

Figure 1: Polar SSANOVA tongue contours. The tongue
root is to the left, shading represents 95% CI.

Nasalance data (Figure 3) reveal an increasing
degree of nasality throughout the vowel duration. The
nasal vowels become significantly nasalized after one
fifth (SHO2F), or two fifths (SHO1M and SHO2M) or
three fifths (SHO1F) of the vowels. This result differs
from previous work on French, which shows a high
degree of nasalization from the vowel onset [1].

SHO1F SHO1M
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- 700
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-1100
-1100

Figure 2: F1 and F2 values of the low vowels.

CQ measurements (Figure 4 and 5) indicate that
none of the speakers used a lower CQ (breathier voice)
to produce the nasal vowels. On the contrary, SHO1M
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shows higher CQ values (less breathy) for the two

nasal vowels carrying tone [1] (Figure 4).
SHO1F SHO1M
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Nasalance
Nasalance
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Figure 3: SSANOVAs for nasalance measurements.
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Figure 4: SSANOVAs for CQ values of tone [1].

SHO1F SHO1M

1 2 3 4
Normalized-time intervals

H 3 4 5
Normalized-time intervals a

SHo2M SHO2F

1 2 3 4 5 1 2 3 4
Normalized-time intervals Normalized-time intervals

Figure 5: SSANOVAs for CQ values of tone [4].
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4. DISCUSSION AND CONCLUSIONS

Ultrasound data show that the nasal vowel is
produced with a lower and more retracted tongue
position than its oral counterpart [a], and can be
transcribed as [a’]. Retracted tongue position is
believed to enhance the acoustic effects of
nasalization in French [4]. However, it is not yet clear
whether a similar interpretation can also be applied to
Shanghainese given that the remaining nasal vowel is
the result of merger between [3"] and [D"] and may
partially retain the tongue position used for [D].
Moreover, the weak coda nasal ["] may exert
coarticulatory influence on the preceding vowel.
These possibilities may be confirmed through future
studies which more closely examine interspeaker
and/or apparent-time variability in terms of the
presence/absence of the nasal coda as well as
merger/non-merger of the two nasal vowels.

With respect to the vowel height, the lower tongue
position used by three speakers counteracts the F1
lowering effect of nasalization on low vowels [29],
such that the oral and nasal vowels show similar F1
values. The tongue position used to produce the nasal
vowels may therefore also reflect compensation for
the F1 lowering effect of nasalization, thereby
maintaining an auditorily low quality. While the
vowel [e] is produced with a lower tongue height
when compared to [a], it tends to have lower F1. This
observation suggests that transcription of this vowel
as [e] may better reflect the auditory quality of the
vowel height rather than the actual tongue height.

Nasalance data show that the two nasal vowels are
produced with similar degrees of nasalization, further
supporting the conclusion that the two nasal vowels
have merged. Unlike what has been observed for
nasal vowels in French [1], the nasal vowel of
Shanghainese shows only partial nasalization.

One speaker used higher CQ to produce the nasal
vowels with tone [1]. Gao et al. [30] showed that
breathy voice can bias the tone perception towards
tone [4] in Shanghainese. The use of higher CQ may
serve to prevent confusion of the modal rising tone [1]
with the breathy rising tone [4], given the acoustic
similarities between the nasality and breathy voice.
Perceptual data are needed to verify this hypothesis.

Through the use of multimodal articulatory data,
this study shows the multidimensionality of oral-
nasal vowel contrast as well as the language- and
speaker-specific features of nasal vowel production.
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Ultrasound Nasalance EGG
01F [a] 64 56 44
[e] 80 - -
[a"] 56 48 35
[ | 72 60 37
0IM [a] 67 44 44
[e] 87 - -
[a"] 68 43 44
[D"] | 68 45 44
02M [a] 68 60 36
[e] 84 - -
[a"] 56 60 32
[D"] | 68 44 32
02F [a] 68 60 26
[e] 80 - -
[a"] 68 60 30
["] | 68 48 33

D
Table 3: The numbers of tokens included.



