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Abstract

There is generally no distributional constraint for the apical
vowels in Eastern Zhenjiang Mandarin, and the apical vowels
contrast with the high front vowels when preceded by an initial
consonant [p p" m t t" n 1 te te" ¢] or occurring in an onset-less
syllable. This paper analyzes acoustic characteristics and
lingual articulation in the production of the apical vowels [ y]
in Eastern Zhenjiang Mandarin. The results show that although
accompanied by frication noise, the apical vowels [] y] have
their own spectral properties that are distinctive to the high front
vowel [i y]. The ultrasound data reveal that both the anterior
and posterior parts of the tongue are involved in the production
of [1q].

Index Terms: apical vowel, acoustics, articulation, Eastern
Zhenjiang Mandarin

1. Introduction

Apical vowels are common in Chinese dialects, but are seldom
reported in the World’s other languages [1]. Apical vowels are
thus of particular importance to the understanding of Chinese
vowel phonology [2]. There is, however, controversy regarding
the phonetics and phonology of apical vowel. Some scholars
define apical vowels as vowels [3] [4] [5] [6], whereas others
treat them as consonants [7] [8] [9] [10] [11] [12]. Apical
vowels synchronically cooccur with sibilants in the majority of
Chinese dialects, and diachronically they are developed from
high front vowels [13] [14] [15] [16] [17]. Therefore, apical
vowels and high front vowels are in a complementary
distribution and could be treated as allophones in most cases.

What is less documented is that apical vowels do have wide
distributions in a few Chinese dialects, particularly in Jianghuai
Mandarin dialects and neighboring Wu dialects such as Hefei
[18], Jixi [19], Gubai (Gaochun) [20], Fanchang [21], Wuhu
[22], Yanchi [23], etc. Eastern Zhenjiang dialect is an exemplar
of this dialect group, and there is generally no distributional
constraint for the apical vowels. Zhenjiang is a city in southern
Jiangsu Province, and Eastern Zhenjiang consists of Yaoqiao,
Dalu, and Dinggang Towns, with a population of around 90,000
as of 2019. Eastern Zhenjiang speaks a variety of Jianghuai
Mandarin. Eastern Zhenjiang Madarin has 22 initial consonants
[pp*mf;tthnl;tsts"s; ts tsh s 7; te teh ¢; k k" x n], 50 finals
including the two syllabic consonants [)yiua e oe;al; ou ui
ia ie 10 iu ua ue ue vo ye; & W U i& u il; in on ay oy ion iay
1oy uon uay yon; i? u? a? o? o7 ia? i0? 19? iu? ua? uo? us?; my],
and 5 tones [53 23 312 44 4].

There are two apical vowels: [} y] in Eastern Zhenjiang
Mandarin. The unrounded apical vowel [1] can be preceded by
an initial consonant [p p" mtt" n1ts ts" s te te" ¢] or occur in an

onset-less syllable, and the corresponding high front vowel [i]
can be preceded by [p p" m t t" n 1 te te" ¢], or occur in an onset-
less syllable. In other words, the unrounded apical vowel [1] has
a wider distribution than the corresponding high front vowel [i],
and when being preceded by [p p" m t t" n 1 t¢ te" ¢] or in an
onset-less syllable, they contrast with each other. The other
apical vowel, the rounded [q] has much narrower distribution
than [1] and can be preceded by [n1ts ts" s] or occur in an onset-
less syllable.

This paper examines acoustics and articulation in the
production of the apical vowels in Eastern Zhenjiang Mandarin.
First, formant data of the apical vowels are presented and
examined in the vowel system. Second, the acoustic data are
examined to evaluate whether the production of apical vowel is
featured with frication. Third, the articulation of apical vowel is
compared with the corresponding vowels or consonants to
check whether the production of apical vowel is more vowel-
like or consonant-like.

2. Methodology

2.1. Speakers and test materials

Seven speakers, 3 male and 4 female, provided the speech data
during the author’s fieldwork trip at Eastern Zhenjiang. All of
them were born and raised up in Eastern Zhenjiang, and the
local dialect is their daily language. Their ages ranged from 25
to 40 years old at the time of recording.

Table 1: Target vowels and the monosyllabic test words.

vV C test words
. pp"mttnltetehek  IRH AR IR B
'K a7
pp'mtthnlts st U T K AR 3 3R] I L
1T theo BEED
vy nlsts's@ 7B EBAW
u pp'ftt"nlkk"@ AN F I Bk e R
e pp'mftthlsths MM IERHEE H T
¢ mkk'pp'tthnly SEUOFEHER NG ki
pp'mtt'nltsstsk MY E T Ve ) 2 R B D e
° Kxno AR
a ptthnls"s E(eEAK e DA SR

Test words containing all monophthongs were used as the
test material. Table 1 shows target vowels (V), the preceding
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initial consonants (C), and the monosyllabic test words in
Chinese characters, which are all CV syllables. The symbol [@]
represents for an onset-less syllable, the so-called zero-initial in
Chinese phonology. Test words were placed in a carrier
sentence [, 1023 pa23 _ 5?5 pa23 ni23 t"in312] “ , Iread _for
you”. Five repetitions were recorded.

2.2. Equipment and Recording

Recordings were conducted in a quiet room. The Echo B
ultrasound recording system from Articulate Instruments was
employed to record lingual articulatory data. Mid-sagittal
ultrasound videos were recorded into the Telemed Echo Blaster
128 through a probe (C3.5/20/128). The probe was placed under
the chin of the speaker, who kept their hands still. And the video
data parameters were set to frequency 3 MHz, field 93.35°, and
depth 120 mm.

Audio and ultrasonic articulatory data were simultaneously
recorded into a laptop by using the software of Articulate
Assistant Advanced (AAA Version 220.5.1). A SHURE SM8
microphone and a USB Sound device Focusrite Scarlett Solo
were used for the audio recordings. And the sampling rate for
audio recording is 22,050 Hz, 16-bit.

2.3. Data analysis

Acoustic data were annotated and analyzed in PRAAT 6.2.12
[24]. First, the lowest three formants were extracted from the
middle point of the target vowel. Second, the harmonic-to-noise
ratios (HNR) were calculated for the apical vowels, high vowels
and sibilants [} y i u ¢ s]. Third, spectral parameters such as
Centre of Gravity (COG), Standard Deviations (SD),
Skewnewss, and Kurtosis were calculated for [) yiu e s]. The
data was fitted by using the linear model (Im) and further tested
by using the post-hoc tests.

In line with acoustic annotations, ultrasonic videos were
annotated on a frame-by-frame basis in the Articulate Assistant
Advanced software (AAA Version 220.5.1). The tongue curve
was annotated based on the boundary of the tongue surface
image presented in the video. The polar data were used for
plotting tongue contours. When plotting the articulatory
pictures, the mid-point of frictions and vowels was selected. A
modified version of the smoothing spline technique
(SSANOVA) was employed in the analysis of tongue contours
[25] by using the gss package of R [26].

The Cartesian coordinates data were used for quantifying
lingual data. They were transferred into the defined polar
coordinate system in a way as described in [27]. Following [28],
six parameters were calculated for quantifying lingual
articulation: blade anteriority, blade angle, dorsum height,
dorsum frontness, root advancement, and root convexity. Blade
anteriority was measured as the most anterior point on the
tongue trace. Blade angle was measured as the angle between
the last two points on each tongue trace. Dorsum height was
measured as the vertical distance from the origin to the highest
point on the tongue dorsum. Dorsum frontness was measured
as the angle in radians from the origin to the most distant point
of the tongue trace. Root advancement was measured as the x-
value of the lowest and most posterior point on each tongue
trace. Root convexity was measured as the distance between the

highest point and the last point on the root of the tongue contour.

All parameters were normalized for the comparison.
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3. Results

3.1. Formants

Figure 1 plotted the eight vowels [} i u e € o a] of Eastern
Zhenjiang Mandarin in a two-dimensional acoustic space
defined by the lowest two formants (F2 against F1) in Herz with
the origin of the axes to the top right of the plot. Additionally,
the grayscale is used for representing the third formant (F3).
Each 95% confidence ellipse is based on measured data points
and the final numbers for each vowel are: [i] 426, [1] 483, [y]
326, [u] 361, [e] 227, [€] 59, [0] 491, [a] 227. The F1/F2 vowel
plane establishes a good correlation with linguistic vowel
features such as height and backness, namely F1 with vowel
height and F2 with vowel backness. And F3 helps further
differentiate the two apical vowels. As can be seen from the
figure, there are three levels of vowel height: [i ) 1y u] are high,
[e € o] are mid, and [a] is low. [e €] are merging. Only a few
speakers have [¢] on a limited number of test words so that there
are only 59 samples for [e]. And the ellipses for [e €] heavily
overlap with each other. There are three levels of vowel
backness: [i e €] are front, [u o] are back, and [} \ a] are central.
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Figure 1: Vowel ellipses of Eastern Zhenjiang Mandarin: male
(upper) and female (lower) speakers.

The formant data of [i | y] are shown in Table 2. It can be
observed from both Table 2 and Figure 1 that the ellipses for
the two apical vowels overlap with each other, and they mainly
differ in F3, namely the rounded [y] has an F3 value
significantly lower than its unrounded counterpart [1]. Since
Eastern Zhenjiang Mandarin doesn’t have a contrast between
the rounded [y V], this paper focuses on the difference between
the unrounded contrasting pair [i1]. [i1] have similar F1 in both
male and female speakers. And the linear model (Im) yielded
significant difference for F2 and F3: t(413)=47.41, p<0.0001
for F2 in male speakers; t(492)=64.16, p<0.0001 for F2 in
female speakers; t(413)=12.31, p<0.0001 for F3 in male
speakers; t(492)=14.99, p<0.0001 for F3 in female speakers. In
summary, formant data suggest that the apical vowels in
Eastern Zhenjiang Mandarin are central high vowels (c.f.: [29]
for a review on apical vowels in other dialects).



Table 2: The lowest three formants for[i 7 y].

Mean (Hz2)  SD (H2) Samples

F1 333 99

male F2 2281 211 197
; F3 3011 182
F1 418 61

female F2 2863 190 229
F3 3644 278
F1 336 67

male F2 1441 147 218
F3 2771 212
1 F1 403 51

female F2 1791 181 265
F3 3260 290
F1 325 58

male F2 1406 109 149
F3 2541 156
4 F1 391 49

female F2 1766 149 177
F3 2829 279

3.2. Frication

The production of apical vowels is often accompanied by
turbulent noise or frication [6] [14] [30], which is an essential
feature to treat apical vowels as consonants [31]. However,
there is also research suggesting that the frication is redundant
in the production of fricative and apical vowels [32]. This paper
employes the harmonic-to-noise ratio (HNR) as an indicator of
friction. And a lower value of HNR indicates a stronger degree
of frication. Figure 2 summarizes mean HNRs for the apical
vowels as compared with the corresponding high vowels and
sibilants respectively. I can be observed from the figure that the
apical vowels [] y] have a relatively smaller HNR than the
corresponding high vowels [i u] do. But the difference between
the rounded pair [u ] is not significant. Interestingly, there is a
clear difference in HNR between apical vowels and the two
sibilants [s ¢]. Both [s] and [¢] have significantly lower HNR
than [] or [] does. That is, apical vowels [] y] are more vowel-
like than consonant-like in terms of the accompanying frication.

Figure 2: Mean HNR of [i y j u] (left) and [s y 7 6] (vight).

3.3. Spectral parameters

It has been shown so far that apical vowels have formant
structures as vowels do and are produced with lesser frication
than the corresponding sibilants. Another argument for treating
apical vowels as consonants is that apical vowels could be
viewed as a continuation of the preceding sibilant [7] [8] [9]
[31]. This section addresses this issue by examining the four
spectral parameters of apical vowels and the corresponding
high vowels and sibilants. As can be seen from Table 3, apical
vowels [ y] share commonality with the corresponding vowels
[i u], but differ apparently from the sibilants [¢ s]. In short, the
vowels [i u 1 y] show concentrated low-frequency energy,

whereas the sibilants [¢ s] show dispersed high-frequency
energy. Statistical results for the [s 1] pair show that they exhibit
significant differences in terms of all the four parameters,
namely COG (t(585)=-38.10, p<0.0001), SD (t(585)=-31.73,
p<0.0001), skewness (t(585)=19.54, p<0.0001), and kurtosis
(t(585)=9.51, p<0.0001). The results suggest that [1] is not
typically sibilant-like, and therefore should not be treated as a
continuation of [s].

Table 3: Spectral parameters of [i 1y u ¢ s].

COG

) SD (Hz) Skewness Kurtosis
i  Mean 377 569 10.82 200
SD 192 344 6.56 217
1 Mean 489 889 8.60 126
SD 267 550 4.95 153
y Mean 381 552 11.40 249
SD 151 381 5.80 255
u Mean 337 329 11.56 299
SD 83 170 4.58 220
. Mean 4889 2629 0.11 2
SD 1481 689 1.33 16
s Mean 4899 3210 0.02 3
SD 2337 961 1.71 13

3.4. Lingual articulation

Figure 3: SSANOVA comparisons for [1] and [s]: male (left)
and female (right) speakers.
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Figure 4: Blade anteriority, blade angle, dorsum height, dorsum
frontness, root advancement, and root convexity for [7] and [s].



Acoustic data have shown that apical vowels are vowel-like
rather than consonant-like. This section explores lingual
articulation of apical vowels and the corresponding high vowels
and sibilants. The discussion will focus on the unrounded apical
vowel [1], since the two apical vowels [1] and [v] have similar
lingual articulation. SSANOVA comparisons are used to
present the tongue contours for the [s 1] pair in Figure 3 and for
the vowels [[i | u] in Figure 5. In the figures, the speakers are
facing right, so the right part of the tongue contour represents
the tongue blade, the middle part represents the tongue dorsum,
and the left part represents the tongue root. The six parameters
are further calculated to quantify these comparisons [28].

It can be seen from Figure 3 that the apical vowel [1] has a
comparable but somehow different tongue contour from the
sibilant [s]. In male speakers, both anterior and posterior parts
of the tongue exhibit certain differences; in female speakers, the
tongue contour for [1] is generally lower than that for [s]. Figure
4 further presents quantitative comparisons between the apical
vowel [1] and the sibilant [s] across six parameters. The results
indicate that [1] and [s] differ significantly in blade angle and
dorsum frontness, but not in blade anteriority, dorsum height,
root advancement, or root convexity. It appears that the
production of the apical vowel [1] involves both the anterior and
posterior parts of the tongue. Compared to the sibilant [s], the
production of the apical vowel [1] requires a lower blade angel
and a more advanced tongue dorsum.

Figure 5: SSANOVA comparisons for [i], [7], [u]: male (left)
and female (right) speakers.
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Figure 6: Blade anteriority, blade angle, dorsum height, dorsum
fromtness, root advancement, and root convexity for [1] and [i].

It can be observed from Figure 5 that the apical vowel [1]
has a lingual configuration that is intermediate between the
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front high vowel [i] and the back high vowel [u]. And the
tongue contour for [1] is apparently lower than that for [i] and
[u]. As shown in Figure 6, quantitative comparisons revealed
significant differences between the apical vowel [1] and its
corresponding high front vowel [i] across all six parameters.
Compared to [i], [1] has a tongue blade that is significantly more
advanced and lowered, a tongue dorsum that is significantly
lower and more retracted, and a tongue root that is more
retracted and humped. It appears that the production of []
requires independent control of the anterior and posterior part
of the tongue: the tongue blade needs to be lowered and
advanced, while the posterior part of the tongue needs to be
retracted and bunched.

4. Discussion and Conclusion

This paper presented acoustic and articulatory data for the
apical vowels in Eastern Zhenjiang Mandarin, one of a small
group of dialects that has no constraint on the cooccurrence of
the apical vowel with a homorganic sibilant. In Eastern
Zhenjiang Mandarin, the production of apical vowels is
sometimes accompanied by noise. However, this is not essential
to the apical vowels and cannot serve as evidence to argue that
the apical vowels are fricatives [32]. On the contrary, the apical
vowels have their own formant structures, and spectral analyses
show that the apical vowel [1] is not a continuation of the initial
sibilant [s]. The fact that the apical vowels are central high
vowels in the acoustic F1/F2 vowel plane is consistent with
results from other Chinese dialects [29].

The acoustic characteristics of apical vowels can be well
explained in terms of articulation. Ultrasound data reveal that
both the anterior and posterior parts of the tongue are involved
in the production of the apical vowel: the tongue blade is
lowered and advanced, while the posterior part of the tongue is
retracted and bunched. The results are generally consistent with
recent ultrasound-based studies of apical vowels [10] [33] [34],
as well as with previous X-ray studies [35] [36] [37] and
electromagnetic articulography (EMA) studies [38] [39]. In
summary, apical vowels are featured by double articulation,
with the tongue blade and tongue dorsum functioning as two
relatively independent articulators simultaneously.

In conclusion, both the acoustic and articulatory data
presented in this paper indicate that apical vowels have typical
vowel characteristics [40]. Syllabic consonants often have strict
phonotactic constraints and, as a result, typically exhibit narrow
distributions [41]. One might argue that apical vowels cooccur
with sibilants in the majority of Chinese dialects. But that is not
the case for Eastern Zhenjiang Mandarin. Diachronically, the
apicalization is a common phonological process for high
vowels in Chinese dialects [32]. Nevertheless, at the current
stage, there is no evidence—phonetic or phonological—to
suggest that these high vowels are changing into consonants.
Instead, they remain vowels, albeit apical and sometimes
fricative.
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