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Les langues chinoises ont un ensemble de segments appelés « voyelles apicales » 

( ἷ  en chinois). Leur nature exacte est à lôorigine dôun débat toujours en 

cours : Sôagit-il de consonnes ou de voyelles ? Les « voyelles apicales » ont été 

analysées dans des études précédentes comme étant de véritables voyelles, des 

voyelles fricatives, des fricatives syllabiques, ou des approximantes syllabiques. 

Cette thèse porte sur la voyelle apicale attestée en chinois Jixi-Hui. Jôexamine ce 

segment dôun point de vue phonétique et phonologique et montre quôil est mieux 

défini comme une consonne fricative voisée (transcrit /zּׁש/ ).  

Phonologiquement, ce segment est un phonème distinct de /i/ . Il est exclusivement 

attesté en position de noyau de syllabe où il constitue une unité porteuse de ton. Il 

peut apparaître non seulement après les sibilantes coronales /s   ts  tsΌ/ , mais aussi 

les bilabiales /p   pΌ/  et les nasales /m   n/ . Phonétiquement, les caractéristiques 

acoustiques et articulatoires de ce segment sont examinées. Les résultats montrent 

que /zּׁש/  contient dans la majorité des cas un bruit de friction dans sa phase initiale, 

superposé sur du voisement, avec une structure formantique plus claire apparaissant 

vers la fin. Les analyses du rapport harmonique/bruit et du taux de passage par zéro 

confirment cette présence significative du bruit de friction, distinguant clairement ce 

segment des voyelles. Les généralisations en SS ANOVA des données 

ultrasoniques montrent que /zּׁש/  a une forme de langue presque identique à celle de 

/ s/  sur les plans mi-sagittal et coronal, malgré quelques différences spécifiques à 

chaque locuteur. Cette forme de langue reste constante dans les contextes 

consonantiques bilabiales et alvéolaires.  

La variabilité dans la façon dont /zּׁש/  est phonétiquement implémentée est considérée 

comme étant la conséquence de deux contraintes en interaction : une contrainte 

structurelle liée au statut distinctif de /zּׁש/  et au rôle quôil joue dans la structure 

syllabique, et une contrainte physique liée à lôincompatibilité entre le voisement et le 

bruit de friction. Lôétude souligne également la nécessité de reconnaître les fricatives 

syllabiques en chinois Jixi-Hui, et probablement aussi dans dôautres langues 

chinoises. 
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Chinese languages have a set of segments known as óapical vowelsô ( ἷ  in 

Chinese). Their exact nature is still the source of an ongoing debate: Are they 

consonants or vowels? óApical vowelsô have been analysed in previous studies as 

genuine vowels, fricative vowels, syllabic fricatives, or syllabic approximants. This 

dissertation is concerned with the apical vowel attested in Jixi-Hui Chinese. I 

examine this segment from phonetic and phonological perspectives and show that it 

is best defined as a voiced fricative consonant (transcribed /zּׁש/ ).  

Phonologically, this segment is a distinct phoneme from /i/ . It is exclusively attested 

in syllable nucleus position where it constitutes a tone-bearing unit. It can appear not 

only after coronal sibilants /s   ts  tsh/ , but also bilabials /p   ph/  and nasals /m   n/ . 

Phonetically, the acoustic and articulatory characteristics of this segment are 

examined. The results show that /zּׁש/  contains in the majority of cases frication noise 

in its initial phase superposed on voicing, and a clearer formant structure appears 

towards its end. The harmonic-to-noise ratio and zero-crossing rate analyses confirm 

this significant presence of noise, clearly distinguishing this segment from vowels. 

The smoothing-spline ANOVA analyses of ultrasound data show that /zּׁש/  has a near-

identical tongue shape to / s/  on both mid-sagittal and coronal planes despite some 

speaker-specific differences. This / s/ -like tongue shape is constant in bilabial and 

alveolar consonantal contexts.  

The variability in the way /zּׁש/  is phonetically implemented is argued to be a 

consequence of two interacting constraints: a structural one related to the distinctive 

status of /zּׁש/  and the role it plays within syllable structure, and a physical one related 

to the incompatibility of voicing and frication. The study further argues for the 

necessity of recognizing syllabic fricatives in Jixi-Hui Chinese and probably also in 

other Chinese languages. 

 

 



 

 

 

 

 

 

 

 

À Florian         



 V 

 

Je tiens avant tout à remercier mon directeur de thèse, Rachid Ridouane, qui a 

toujours su trouver la bonne direction au fil des années. Sans son dévouement, sa 

motivation et son orientation, cette étude nôaurait sans doute jamais abouti.  

I am greatly honoured to have Yiya Chen, James Scobbie, Ioana Chitoran, Pierre 

Hallé and Rudolph Sock on the jury. I am particularly indebted to James Scobbie for 

his suggestions and criticism of my earlier work, for his examples and 

demonstrations on ultrasound data processing and for his hospitality when I visited 

the CASL Research Centre.  

Je tiens à exprimer mes sincères remerciements à mes collègues du LPP. Merci en 

particulier à Cédric Gendrot et Nicolas Audibert pour leurs scripts et conseils. Merci 

également à Angélique Amelot, Tanja Kocjanļiļ Antol²k et Roland Trouville pour leur 

aide dans lôutilisation du mat®riel. Jôai beaucoup b®n®fici® des nombreuses 

discussions avec Pierre Hallé, Naomi Yamaguchi, Cécile Fougeron, Annie Rialland, 

Shigeko Shinohara et Didier Demolin. Merci aussi à Jacqueline, Claire, Martine, 

Léonardo, Jiayin, Shi, Gabriele, Fanny, Jane, Yaru, Daria, Amélia, Alexis, Angélina, 

Djidji, Emré, Nora, ainsi quô¨ tous les phon®ticiens, phonologues et ingénieurs du 

LPP, vous me faites apprendre tous les jours. Un merci tout particulier à Gwénaëlle 

pour son aide précieuse durant ces années.  

I beneficiated a great deal from the discussions with Alan Wrench, on the utilisation 

of AAA and the ultrasound technique. I would also like to thank Eleanor Lawson, 

Steve Cowen, Jane Stuart-Smith and Fabienne Westerberg for their technical 

support and exchanges. Thanks as well to all the members of CASL Research 

Centre who have made my visit fruitful and enjoyable.  

I would like to thank my parents for their support and patience. They speak neither 

English nor French and have only a vague idea of what I have been doing all these 

years, but they have chosen to ólet me beô. They are both passionate about local 

traditions and, of course, the local language. My father helped me to gain access to 

the facility used for recording sessions. My mother helped in recruiting speakers 

(herself included), who have been extremely patient and kind. I thank them all 

sincerely.  

Thanks to Danyang, Yunhao, Nana and all of my friends, for their constant support, 

encouragement and belief.  

Ce travail a été financé par un contrat doctoral de lôUniversité Sorbonne Nouvelle. Il a 

aussi bénéficié dôune aide du Labex EFL (ANR-10-LABX-0083) et des aides 

financières du LPP et de lôED 622.  

Merci à Florian, pour avoir toujours eu confiance en moi. 



 VI 

Table of contents ................................................................................................................................................... VI 

List of figures .......................................................................................................................................................... X 

List of tables ........................................................................................................................................................ XVI 

List of abbreviations ..........................................................................................................................................XVIII 

Chapter 1 Introduction ..................................................................................................................................... 1 

1.1. Aim of the dissertation ................................................................................................................... 2 

1.2. Structure of the dissertation .......................................................................................................... 3 

Chapter 2 Background: Apical vowel  and the vowel-consonant dichotomy .................................................. 5 

2.1. Is the vowelïconsonant dichotomy universal? .............................................................................. 5 

2.1.1. Defining vowel and consonant: more than a century of debate ........................................ 5 

2.1.1.1. Defining the vowelïconsonant categories based on phonetics ................................................... 6 

2.1.1.2. Defining the vowelïconsonant categories based on phonology.................................................. 7 

2.1.1.3. Defining the vowelïconsonant categories in double or multiple terminologies based on both 

phonetics and phonology ............................................................................................................................. 8 

2.1.1.4. The none-categorical physical world ......................................................................................... 10 

2.2. Apical vowels and similar sounds: a review ................................................................................ 12 

2.2.1. Apical vowels: a brief history of names and symbols ...................................................... 12 

2.2.2. Different variants of apical vowels in Chinese languages ............................................... 15 

2.2.2.1. Apical vowels in SC: phonology and phonetics ......................................................................... 16 

2.2.2.2. Mismatch between phonetics and phonology of apical vowels in SC ....................................... 22 

2.2.2.3. Apical vowels in other Chinese languages ................................................................................ 25 

2.2.2.3.1 Hefei-Mandarin Chinese .................................................................................................. 26 

2.2.2.3.2 Qinghai-Mandarin Chinese .............................................................................................. 27 

2.2.2.3.3 Suzhou-Wu Chinese ........................................................................................................ 28 

2.2.3. Similar phenomena observed in non-Chinese languages ............................................... 29 

2.2.3.1. Swedish Viby-i .......................................................................................................................... 29 

2.2.3.2. Lendu vowelless syllables ......................................................................................................... 32 



 VII 

2.2.3.3. Mambila fricative vowel ............................................................................................................. 34 

2.2.3.4. Ikema fricative vowel ................................................................................................................. 37 

2.3. Summary of the review ................................................................................................................ 38 

Chapter 3 Jixi-Hui Chinese ............................................................................................................................ 41 

3.1. General introduction .................................................................................................................... 41 

3.2. Consonants ................................................................................................................................. 42 

3.2.1. Plosives and affricates ..................................................................................................... 43 

3.2.2. Fricatives .......................................................................................................................... 44 

3.2.3. Nasals and lateral ............................................................................................................ 45 

3.2.4. Approximants ................................................................................................................... 45 

3.2.5. Syllabic consonants /nּׁש  mּׁש/  and [vּׁש]  ................................................................................. 47 

3.3. Vowels ......................................................................................................................................... 51 

3.3.1. Oral vowels ...................................................................................................................... 51 

3.3.2. Nasal vowels .................................................................................................................... 53 

3.4. Tones in citation form .................................................................................................................. 54 

3.5. Apical vowel [z]  in JHC ............................................................................................................... 55 

3.5.1. Lexical distribution ........................................................................................................... 55 

3.5.2. Phonemic contrast ........................................................................................................... 56 

3.5.3. Phonological behaviour ................................................................................................... 57 

Chapter 4 Acoustic study of the apical vowel [z] in JHC .............................................................................. 59 

4.1. Methodology ................................................................................................................................ 59 

4.1.1. Speakers .......................................................................................................................... 59 

4.1.2. Acoustic data acquisition and segmentation criteria ........................................................ 59 

4.1.3. Acoustic parameters and statistical processing ............................................................... 61 

4.2. Results......................................................................................................................................... 63 

4.2.1. Presence of frication on the apical vowel [z]  ................................................................... 63 

4.2.1.1. [z]  with abundant frication noise ............................................................................................... 63 

4.2.1.2. [z] with less to non-visible frication noise .................................................................................. 64 

4.2.2. Duration of syllables and syllable nuclei .......................................................................... 65 

4.2.2.1. Duration of all syllables in different tonal contexts .................................................................... 65 

4.2.2.2. Duration of [i u a ậ]  and [z]  in different consonantal contexts .................................................. 66 

4.2.3. Formant structure of [i u a ậ]  and [z]  .............................................................................. 69 

4.2.3.1. Overlap in formant space between [ậ]  and [z]  ......................................................................... 69 

4.2.3.2. Formant values of JHC [z]  compared to other [z]  sounds ........................................................ 71 

4.2.4. Harmonic-to-noise ratio of [z]  and [i]  .............................................................................. 72 



 VIII 

4.2.5. Zero-crossing rate of [i u a ậ]  and [z]  ............................................................................. 74 

4.2.5.1. General pattern of ZCR for all syllable nuclei ............................................................................ 74 

4.2.5.2. ZCR patterns of [z]  in different consonantal contexts ............................................................... 75 

4.2.5.3. ZCR patterns of [z]  for different speakers................................................................................. 77 

4.2.6. Centre of gravity: comparing the aspiration in [p h]  to frication in [s]  ............................... 78 

4.3. Summary of the acoustic study ................................................................................................... 80 

Chapter 5 Articulatory study of the  apical vowel [z] in JHC using ultrasound tongue imaging ................. 83 

5.1. Methodology ................................................................................................................................ 83 

5.1.1. Speakers and recording materials ................................................................................... 83 

5.1.2. Ultrasound data acquisition and segmentation criteria .................................................... 84 

5.1.3. Mid-sagittal tongue contours tracing criteria and data-points extraction ......................... 85 

5.1.4. Coronal tongue contours tracing criteria and data-points extraction ............................... 88 

5.1.5. Palate tracing and correction ........................................................................................... 89 

5.1.6. Smoothing-Spline ANOVA analysis ................................................................................. 91 

5.1.7. Correspondence between mid-sagittal and coronal tongue contours ............................. 92 

5.2. Results......................................................................................................................................... 93 

5.2.1. The articulation of [z]  on mid-sagittal and coronal planes: qualitative observation ........ 93 

5.2.2. SS ANOVA splines of [i u ᾅ] and [z] ................................................................................. 96 

5.2.2.1. On mid-sagittal plane ................................................................................................................ 96 

5.2.2.2. On coronal plane ....................................................................................................................... 98 

5.2.3. Comparing [z]  to [s]  ........................................................................................................ 99 

5.2.3.1. On mid-sagittal plane ................................................................................................................ 99 

5.2.3.2. On coronal plane ..................................................................................................................... 102 

5.2.4. Articulation of [si  sậ su]  compared to [sz]  .................................................................... 104 

5.2.4.1. On mid-sagittal plane .............................................................................................................. 105 

5.2.4.2. On coronal plane ..................................................................................................................... 106 

5.2.5. Comparing [z]  after labial and coronal onsets .............................................................. 107 

5.2.6. Dynamic tongue shape evolution in [pz   pΌz  mz]  syllables .......................................... 110 

5.3. Summary of the articulatory study ............................................................................................. 112 

Chapter 6 Discussion and conclusion .......................................................................................................... 115 

6.1. The phonetic implementation of [z] : the trade-off between frication noise and voicing ........... 116 

6.2. Accounting for the variability of [z]  in Chinese languages ........................................................ 117 

6.3. Apical vowels: Gestural and aerodynamic adjustments ............................................................ 119 

6.4. Apical vowel: finding its place in the vowel-consonant continuum ............................................ 121 



 IX 

6.5. Final remarks and future directions ........................................................................................... 125 

References .......................................................................................................................................................... 127 

Annexes ............................................................................................................................................................... 137 



 X 

Figure 2.1. X-ray images (Zhou & Wu, 1963: 60, 64, 73, 74) of apical vowels and [s  Ḷ]  
consonants in SC. Sibilant consonants [s  Ḷ]  were obtained with [sa  Ḷa]  syllables, apical 

vowels were obtained with [tsḇ  tḶḆ]  syllables. The mid-sagittal tongue contours (black lines) 

are presented with rolled-up tongue sides (grey lines). ........................................................ 17 

Figure 2.2. Feature geometry representation of the SC syllable [tszz]  ówordô, reproduced 

from Duanmu (2007: 44). .................................................................................................... 19 

Figure 2.3. Spectrograms of [s ]᷉  and [Ḷ ]᷾  of two female speakers (RJ and WY) and one 

male speaker (HW). There is no frication noise in RJôs production, but some frication noise is 

observed in WY and HWôs production. Frication in the vocalic period is represented with 

dotted vertical lines. This figure is reproduced from Figure 9, 10, 11 of Lee-Kim (2014). ..... 22 

Figure 2.4. Formant (F1-F2) plot of the ten vowels in continuous speech of SC. This figure is 

reproduced from the Figure 34.2(c) from Shi et al. (2015). Black symbols for male speakers 

and grey symbols for female speakers. ............................................................................... 23 

Figure 2.5. Acoustic signal and spectrogram of Viby-i from a young female speaker saying 

pita [pΌЌьta☼] . The vowel segment includes the fricated offglide. This figure is reproduced from 

Figure 2 in Westerberg (2019). ............................................................................................ 30 

Figure 2.6. Normalised F1/F2 for 34 speakers, the [i]  denotes the Viby-i. This figure is 

reproduced from Figure 3 in Westerberg (2019). ................................................................. 30 

Figure 2.7. Tongue splines showing a double-bunched tongue shape of the Swedish Viby-i. 

This figure is reproduced from Figure 66 in Westerberg (2016). The [i]  denotes the Viby-i in 

this figure. ............................................................................................................................ 31 

Figure 2.8. Spectrogram and acoustic signal of the Lendu word ss╚ óto prepare beerô, it has an 
onset [s]  and a [z] -like nucleus. This [z] -like nucleus is described as phonologically 

vowelless. This figure reproduces the Figure 17 in Demolin (2002: 485). ............................ 33 

Figure 2.9. Acoustic signal, EGG signal and the intra-oral pressure of the Lendu word ss╚. 
This figure is the Figure 21 in Demolin (2002). .................................................................... 34 

Figure 2.10. Spectrograms of Len (Mambila) fricative vowel with alveolopalatal frication. 

These two syllables are both [bᾯ●i]  óaskô and are from two different male speakers. This figure 

is reproduced from the Figure 5a and the Figure 5b in Connell (2007). ............................... 35 

Figure 2.11. A spectrogram of Len (Mambila) fricative vowel with labiodental frication. The 

syllable [kv●ԃ] óstrongô is from a male speaker. This figure is reproduced from the Figure 6a in 
Connell (2007). .................................................................................................................... 36 

Figure 2.12. MRI images of the central vowel (fricative vowel) of Ikema language from two 

speakers. This figure is reproduced from the Figure 1 in Fujimoto & Shinohara (2018). ...... 37 



 XI 

Figure 3.1. Location of Jixi county  in China. The coloured zone in A corresponds 

approximately to the area of Hui  group Chinese language (Li et al., 1987) , the red dot in B 

corresponds to the town Huayang , the administration centre of Jixi county. ............. 41 

Figure 3.2. Feature spreading in a /fu/  syllable of JHC, only relevant nodes and features are 

shown. [Lab] stands for [Labial], [Dor] stands for [Dorsal]. ................................................... 50 

Figure 3.3. Vowel chart of JHC. ........................................................................................... 51 

Figure 4.1. Illustration of the segmentation between a sibilant onset and an apical vowel with 

syllable [tsz ]  pronounced by FS3. The blue dotted lines represent pulses detected by Praat.

 ............................................................................................................................................ 60 

Figure 4.2. An example showing the acoustic signal of the form [sz] . as well as the HNR 

and ZCR values. This item was produced by FS1. .............................................................. 62 

Figure 4.3. Apical vowels containing frication noise in JHC. [pz ] , [nz] , [mz ]  syllables 

come from FS1, MS3 and MS2 respectively. ....................................................................... 64 

Figure 4.4. Apical vowels containing less to quasi-no frication noise in JHC. [pz] , [mz ] , 
[nz]  come from MS2, FS1 and MS4 respectively. .............................................................. 65 

Figure 4.5. Duration of all recorded JHC syllables in different tonal contexts. Numbers on x-

axis correspond to tones: tone 1 is the high-falling tone [] , tone 2 is the high-level tone [] , 
tone 3 is the low-dipping tone [ ] , tone 4 is the mid-rising tone [] . The y-axis represents 

duration in milliseconds. ...................................................................................................... 66 

Figure 4.6. Duration of [a  i  ậ  u  z]  following [m  p  pΌ  s  ts  tsΌ]. Data are grouped 

according to nuclei; in each nuclei group, data are separated by onset consonant types. ... 67 

Figure 4.7. Duration of [z]  nucleus in all consonantal contexts. ........................................... 68 

Figure 4.8. Transition portion between [s]  and [z]  nucleus from FS1. The dotted blue lines 

represent pulses detected by Praat with the default setting. ................................................ 68 

Figure 4.9. Scatter plot of formant values of [i   u  a  ậ  z]  of JHC. Data points represent mean 

values of the central part of each segment, with 95% confidence ellipses. Female speakers 

are on the left and male speakers on the right. .................................................................... 70 

Figure 4.10. Structure of formant values of [i   u  a  ậ  z]  of JHC. The thick horizontal bars 

represent F1, F2, and F3 respectively for each segment; the error bars represent the 

standard deviation of each formant...................................................................................... 70 

Figure 4.11. HNR of [i  z] in JHC. The curves were generated with loess smoothing method, 

x-axis represents normalised time of the vocalic segments and y-axis represents the HNR 

values. Female speakers (FS) on the left and male speakers (MS) on the right. ................. 73 

Figure 4.12. ZCR of [a  i  u  ậ  z]  in JHC. The curves were generated with loess smoothing 

method, x-axis represents normalised time of the vocalic segments and y-axis represents the 

zero-crossing times per second. Female speakers (FS) on the left and male speakers (MS) 

on the right. ......................................................................................................................... 74 



 XII 

Figure 4.13. ZCR of all tokens of [z]  and [a  i  u  ậ]  in JHC. The x-axis represents 

normalised time of the vocalic segments and y-axis represents the zero-crossing times per 

second. [z]  tokens on the left and [a  i  u  ậ]  tokens on the right. ........................................ 75 

Figure 4.14. ZCR of [z]  in different consonantal contexts in JHC. The curves were generated 

with loess smoothing method, x-axis represents normalised time of the [z]  segments and y-

axis represents the zero-crossing times per second. Female speakers (FS) on the left and 

male speakers (MS) on the right. ......................................................................................... 76 

Figure 4.15. Individual ZCR patterns of [z]  for the ten speakers. The curves were generated 

with loess smoothing method, x-axis represents normalised time of the [z]  segments and y-

axis represents the zero-crossing times per second. ........................................................... 77 

Figure 4.16. ZCR pattern of all nuclei from FS5. The curves were generated with loess 

smoothing method, x-axis represents normalised time of the [z]  segments and y-axis 

represents the zero-crossing times per second. .................................................................. 78 

Figure 4.17. Acoustic signal and spectrogram of the form [pz ]  produced by FS5. ............ 78 

Figure 4.18. Acoustic signals and spectrograms of two realisations of [pΌz] by FS1 (left) and 

MS2 (right). These two examples contain frication noise only at the beginning of [z] . ......... 79 

Figure 4.19. COG of the relase phase of [pΌ] and the frication noise of [s]  in the contexts of 

[i   ậ  u  a  z] . Data obtained from all speakers ([i]  vowel can only be preceded by [s] ). ...... 79 

Figure 5.1. One mid-sagittal ultrasound frame of [z]  in [pz]  from FS3, illustrating the tracing 

template (Tongue tip on the right and tongue root on the left.). The green line represents 

óroofô, the grey line represents ómin-tongueô, and the red line represents the tongue shape 

traced by AAA without any manual correction...................................................................... 86 

Figure 5.2. Mid-sagittal ultrasound tongue traces as shown in the Spline Workspace of AAA 

software (tongue tip on the right and tongue root on the left). These traces correspond to the 

nearest midpoint images from 11 instances of [z], extracted from FS3ôs productions of 

[pz  pz   pΌz  pΌz   mz   nz nz   tsz  tsΌz   sz   sz] . The fanline 6 and the fanline 28 

delimit the range of the data points considered as reliable and analysed in this sutudy. ...... 87 

Figure 5.3. One coronal ultrasound frame of [z]  in [pz]  from FS3, illustrating the tracing 

template. The green line represents óroofô, the grey line represents ómin-tongueô, and the red 

line represents the tongue shape traced by AAA without any manual correction. ................ 88 

Figure 5.4. Coronal ultrasound tongue traces of the nearest midpoint images of 11 

realisations of [z]  in [pz  pz   pΌz  pΌz   mz   nz  nz   tsz  tsΌz   sz   sz]  by FS3, 

shown in the Spline Workspace of AAA. The fanline 14 and the fanline 27 are drawn to show 

the range of the data points considered as reliable. ............................................................. 89 

Figure 5.5. Coronal SS ANOVA splines from FS3. Data points are extracted in x/y 

coordinates from nearest midpoint images of each segment. Dotted grey lines represent 

[i   u  a  ậ] , dashed black line represents [s]  and solid black line [z] . The thick grey line 

represents the palatal traces and the grey areas represent 95% Bayesian confidence 

intervals. The vowel [i]  is not traced for FS3. ...................................................................... 89 



 XIII 

Figure 5.6. Result of the óCave Vocal Tractô function in AAA (Articulate Instruments Ltd., 

2012: version 218.03) (tongue tip on the right and tongue root on the left). The black area 

represents the superposition of all tongue surfaces from all ultrasound images of three 

recordings with [pz   tsi   pậ] , frame sentence included (Data from FS3). The green line 

represents óroofô and grey line represents ómin-tongueô. The red line represents the tongue 

shape traced by AAA for [z]. ................................................................................................ 90 

Figure 5.7. The upper edge (green line) obtained in Figure 5.6, presented with hand-traced 

palatal traces from water-swallow tasks............................................................................... 91 

Figure 5.8. SS ANOVA splines showing the approximate correspondence between the mid-

sagittal and the coronal plane. The green areas on the mid-sagittal plane correspond 

approximately to where the coronal plane was obtained, while the green areas on the coronal 

plane correspond approximately to where the mid-sagittal plane was obtained. SS ANOVA 

splines of mid-sagittal and coronal tongue contours were extracted in x/y values (mm) at the 

nearest midpoint image of each segment (the tongue front is on the right and tongue root on 

the left). Dotted grey lines represent [i   u  a  ậ] , dashed black lines represent [s],  and solid 

black lines [z] . The thick grey lines represent the palatal traces, and the grey areas represent 

95% Bayesian confidence intervals. Data are from MS2. .................................................... 92 

Figure 5.9. Raw mid-sagittal ultrasound images of [z]  in [pz] (tongue tip on the left and 

tongue dorsum on the right). The six speakers are presented in rows. Columns present 

images obtained at different points during the production of [z] . The onsets, ¼ points, 

midpoints, ¾ points and offsets are defined according to the acoustic signals and 

spectrograms corresponding to the ultrasound recordings. ................................................. 94 

Figure 5.10. Raw mid-sagittal ultrasound image of the apical vowel in SC (tongue tip on the 

left and tongue dorsum on the right). This figure shows the tongue shape of [z]  in [sz] , 

obtained at the acoustic onset of the nucleus [z] . This figure is adapted from the Figure 5 of 

Lee-Kim (2014). ................................................................................................................... 95 

Figure 5.11. Raw coronal ultrasound images of [z]  in [pz] . The six speakers are presented in 

rows. Columns present images obtained at different points during the production of [z] . The 

onsets, ¼ points, midpoints, ¾ points and offsets are defined according to the acoustic 

signals and spectrograms corresponding to the ultrasound recordings. ............................... 96 

Figure 5.12. SS ANOVA splines of mid-sagittal ultrasound tongue contours, extracted in x/y 

values (mm) at the nearest midpoint image of each segment (tongue front on the right and 

tongue root on the left). Dotted grey lines represent [i   u  ậ]  and solid black lines represent 

[z]. The thick grey lines represent the palatal traces and the grey areas on the splines 

represent 95% Bayesian confidence intervals. .................................................................... 97 

Figure 5.13. SS ANOVA splines of coronal ultrasound tongue contours extracted in x/y 

values (mm) at the nearest midpoint image of each segment. Dotted grey lines represent 

[i   u  ậ]  and solid black lines represent [z] . The thick grey lines represent the palatal traces 

and the grey areas on the splines represent 95% Bayesian confidence intervals. [i]  is not 

traced for FS3...................................................................................................................... 99 



 XIV 

Figure 5.14. SS ANOVA splines for all occurrences of [s]  and [z]  in our data, and for each 

speaker (tongue front on the right and tongue root left). The figure also shows the interaction 

effects, calculated as differences in millimeters between [z]  and [s]  on y-axis. ................. 100 

Figure 5.15. Raw mid-sagittal ultrasound tongue contour traces of the syllable [sz] (tongue 

front on the right and tongue root left). The figures contain traces from the nearest midpoint 

image of [s]  to the nearest midpoint image of [z] . Dashed lines represent the traces of [s]  

and solid lines represent the traces of [z] . ......................................................................... 101 

Figure 5.16. Coronal plane SS ANOVA splines with 95% Bayesian confidence intervals for all 

occurrences of [s]  and [z]  in our data, and for each speaker. Splines are presented with 

interaction effects with Bayesian confidence intervals. ...................................................... 103 

Figure 5.17. Raw coronal ultrasound tongue contour traces of the syllable [sz] . The figures 

contain traces from the nearest midpoint image of [s]  to the nearest midpoint image of [z] . 

Dashed lines represent the traces of [s]  and solid lines represent the traces of [z] . .......... 104 

Figure 5.18. Raw mid-sagittal ultrasound tongue contour traces of [si   sậ  su] (tongue front 

on the right and tongue root left). The images contain traces from the midpoint image of [s]  

to the midpoint image of nuclei [i   ậ  u] . Dashed lines represent the traces of [s]  and solid 

lines represent the traces of nuclei. ................................................................................... 105 

Figure 5.19. Raw coronal ultrasound tongue contour traces of [si   sậ  su] . The images 

contain traces from the midpoint image of [s]  to the midpoint image of nuclei [i   ậ  u] . 
Dashed lines represent the traces of [s]  and solid lines represent the traces of [i   ậ  u] . .. 106 

Figure 5.20. SS ANOVA splines with 95% Bayesian confidence intervals for [z]  after labial 

onsets (blue) and after coronal onsets (red) (tongue front on the right and tongue root left). 

Splines are presented with interaction effects with Bayesian confidence intervals. ............ 108 

Figure 5.21. Coronal plane SS ANOVA splines with 95% Bayesian confidence intervals for 

[z]  after labial onsets (blue) and after coronal onsets (red). Splines are presented with 

interaction effects with Bayesian confidence intervals. ...................................................... 109 

Figure 5.22. SS ANOVA splines of mid-sagittal ultrasound tongue contours, extracted in x/y 

values (mm) (tongue front on the right and tongue root on the left). Blue lines represent the 

nearest midpoint images of the closure of [pΌ], red lines represent the nearest midpoint 

images of the release phase of [pΌ], and yellow lines represent the nearest midpoint images 

of [z] . The splines are presented with 95% Bayesian confidence intervals. The thick grey 

lines represent the palatal traces. ...................................................................................... 111 

Figure 5.23. SS ANOVA splines of coronal ultrasound tongue contours extracted in x/y 

values (mm). Blue lines represent the nearest midpoint images of the closure of [pΌ], red 

lines represent the nearest midpoint images of the release phase of [pΌ], and yellow lines 

represent the nearest midpoint images of nucleus [z] . The splines are presented with 95% 

Bayesian confidence intervals. The thick grey lines represent the palatal traces. .............. 112 

Figure 6.1 Schematised versions of mid-sagittal sections showing positions of the tongue 

blade for two coronal consonants, [t]  is [+anterior] and [ṝ]  is [-anterior]. These images are 

reproduced from Figures 20.4 in Stevens et al. (1986: 433). ............................................. 120 



 XV 

Figure 6.2. Schematic representation of the vowel-consonant continuum. The rectangular 

represents all possible speech sounds, the gradient colour represents the continuum from 

the most vocalic sounds to the most consonantal sounds. The dotted ellipse represents the 

nuclei of French, the dashed ellipse represents English, and the solid ellipse represents JHC. 

The position of the phonetic symbols is only informative. .................................................. 124 



 XVI 

Table 2.1. Correspondence between different terminologies used in the description of the 

apical vowels. ...................................................................................................................... 15 

Table 2.2. Distribution of apical vowels and [i]  in SC. .......................................................... 16 

Table 2.3. Mean F1, F2, F3 (Hz) of the Swedish Viby-i from different studies, in comparison 

with the standard /i/ . This table is reproduced from Table 2 in Westerberg (2019) and Table 

1 in Björsten & Engstrand (1999). ........................................................................................ 31 

Table 3.1. Consonant inventory of JHC. .............................................................................. 42 

Table 3.2. A list of JHC items with orthographic forms and glosses illustrating the consonants.

 ............................................................................................................................................ 43 

Table 3.3. The distribution of the onset consonants and the glides [j   w  Υ]  in JHC. ............ 47 

Table 3.4. A list of JHC items with syllabic /mּׁש  nּׁש/ , presented with orthographic forms and 

glosses (Zhao, 2003). .......................................................................................................... 48 

Table 3.5. A list of JHC items having [vּׁש]  nucleus with orthographic forms and glosses. ...... 49 

Table 3.6. A list of JHC items with orthographic forms and glosses illustrating the vowels. . 51 

Table 3.7. Nasal vowels in JHC and examples with orthographic forms and glosses........... 53 

Table 3.8. Tones in JHC with orthographic forms and glosses. ........................................... 54 

Table 3.9. A list of JHC items having apical vowel /zּׁש/  as nucleus,  with orthographic forms 

and glosses. ........................................................................................................................ 55 

Table 3.10. Minimal pairs between / i/  and /zּׁש/  in JHC, with orthographic forms and glosses.

 ............................................................................................................................................ 56 

Table 3.11. Minimal triplets of /zּׁש  a  ậ/  in JHC with orthographic forms and glosses........... 56 

Table 3.12. Examples of tone sandhi on apical vowels in JHC,  with underlying forms, 

surface forms and glosses. .................................................................................................. 57 

Table 4.1. Segmentation criteria of the target syllables in the acoustic study. ...................... 61 

Table 4.2. Mean durations of all recorded syllables in different tonal contexts, with minimum 

and maximum durations, one-way ANOVA and SNK post-hoc tests results. SNK result is 

presented as the hierarchy of mean duration according to tones. ........................................ 66 

Table 4.3. Mean durations (ms) of [a  i  ậ  u  z]  after [m  p  pΌ  s  ts  tsΌ], with one-way 

ANOVA and SNK post-hoc tests results. SNK result is presented as the hierarchy of mean 

duration according to onsets................................................................................................ 67 

Table 4.4. Results of one-way ANOVA, SNK post-hoc tests and TukeyHSD post-hoc tests 

conducted on formant values of [z   u  ậ] in JHC. FS stands for female speakers and MS for 



 XVII 

male speakers; SNK post-hoc tests are presented following the hierarchy of the mean 

formant values (Hz). ............................................................................................................ 71 

Table 4.5. Mean formant values (Hz) of different variants of apical vowel [z]  in Chinese 

languages, compared to consonant [z]  in English-US and Polish. Question marks indicate 

unknown speaker gender. The values of the present study are in bold. SC stands for 

Standard Chinese, HMC stands for Hefei-Mandarin Chinese, and SWC stands for Suzhou-

Wu Chinese. ........................................................................................................................ 72 

Table 4.6. Mean COG values (Hz) of [s]  and the release phase of [pΌ]. Welchôs t-test results 

conducted on the two groups of COG values. ..................................................................... 80 

Table 6.1. Comparison of formant values (Hz) between the apical vowels and the close 

central or close back vowels in SWC (Ling, 2009) and HMC (Wan, 2014). ........................ 118 

Table 6.2. Syllabic consonants in Chinese languages (interjections are included when the 

description is available). The abbreviation HFZ stands for H n̈yϦ FǕngyǭn Z³hu³ ñPhonetic 

dictionary of Chinese dialectsò (Department of Chinese of Pekin University, 1989). The 

symbols [z   ᾪ  zἤ] correspond to the traditional apical vowel symbols [ḇ  Ḇ  Χ] , respectively.

 .......................................................................................................................................... 123 



 XVIII 

AAA    Articulate Assistant Advanced 

HFZ    H n̈yϦ FǕngyǭn Z³hu³  

Phonetic dictionary of Chinese dialects 

HMC    Hefei-Mandarin Chinese  

HNR    Harmonic-to-Noise Ratio 

JHC     Jixi-Hui Chinese  

QMC    Qinghai-Mandarin Chinese  

SC    Standard Chinese  

SS ANOVA  Smoothing-Spline Analysis of Variance 

SWC    Suzhou-Wu Chinese  

TBU    Tone Bearing Unit 

ZCR    Zero-Crossing Rate 

  



 XIX 

 

 



 1 

 

 

Vowel-consonant dichotomy is a cardinal distinction in the study of speech sounds. 

Researchers in phonetics and phonology use these notions as if they were obvious 

and self-evident, despite the fact that different criteria are applied within different 

approaches. These approaches generally leave a residue of ódubiousô sounds 

(Oôconnor & Trim, 1953) that raise analytical problems. This dissertation is concerned 

with one type of these ódubiousô sounds: apical vowels.  

Chinese languages are known to have óapical vowelsô, termed ἷ  in Chinese. 

Their exact nature is still the source of an ongoing debate: Are they consonants or 

vowels? Their phonetic nature suggests that they are sibilant or fricative consonants, 

but they phonologically pattern with vowels. This dissertation is about the apical 

vowel attested in Jixi-Hui Chinese , a language of Hui group  spoken in 

southern Anhui .I examine this segment from phonetic and phonological 

perspectives and conclude that it is best defined as a voiced fricative consonant 

(hereafter transcribed /zּׁש/ ). Furthermore, I will argue for the necessity of syllabic 

fricative consonants in Jixi-Hui Chinese (JHC) and probably also in other Chinese 

languages. 

The existing literature on apical vowels is in majority based on Standard Chinese 

(SC). The terminology proposed for this set of segments was coined based on the 
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description of this language (Karlgren, 1915). Two variants of óapical vowelsô are 

attested in SC ([ḇ]  and [Ḇ]  in non-IPA notations) and occur only following alveolar 

sibilants. These two sounds are in complementary distribution with [i] , and are 

naturally analysed as allophonic variants of this vowel. Trubetzkoy (1969: 171) 

described them phonetically as óa type of vowel with a much lesser degree of 

aperture and with a much more fronted position of articulation than, for example, i, so 

that a frictionlike noise resembling a humming is audible in its production.ô This 

frication noise is generally argued to be a mere consequence of the homorganicity 

between the apical vowels and the preceding sibilant consonants.  

The apical vowel in JHC is a typologically interesting case study, as it displays two 

structural properties that make it different from the most studied variants in other 

Chinese languages: It is a separate phoneme contrastive to / i/  and to other vowels 

and it occurs not only following alveolar sibilants but also after bilabial plosives 

/ p  pΌ/ , bilabial nasal / m/  and alveolar nasal / n/ . 

 

This thesis provides phonological and phonetic analyses of the apical vowel in JHC. 

On the phonological level, a detailed description of this segment is carried out based 

on common principles of phonological analyses: lexical distribution, phonemic 

contrast, and function within the syllable. On the phonetic level, two production 

experiments are conducted in order to examine the (i) acoustic and (ii) articulatory 

characteristics of this segment.  

(i) The acoustic experiment analyses various spectral and temporal properties 

displayed by apical vowels. The presence or absence of frication noise is analysed 

qualitatively, its duration is quantified in different contexts, and its formant structure is 

compared to that of vocalic segments. In a following step, focus is put on the frication 

noise, as this is the hallmark of apical vowels. Frication noise is examined in different 

contexts using Harmonic-to-noise ratio (HNR) and Zero-crossing rate (ZCR), and 

furthermore, the nature of the coarticulatory effects between onset consonants and 

apical vowels is reported, with a special focus on the labial plosives.  

(ii) On the articulatory level, apical vowels are investigated using ultrasound tongue 

imaging method (Articulate Instruments Ltd., 2012), on both the mid-sagittal plane 

and the coronal plane. On both planes, the tongue contours are quantitatively 

analysed using the smoothing-spline analysis of variance (SS ANOVA). The general 

tongue contours are analysed and different sets of quantitative and qualitative 

comparisons are conducted in order to determine the articulatory properties of the 

apical vowel and show how they dynamically vary depending on the nature of the 

preceding onset consonant.  

The presence of apical vowels in Chinese languages has always been related to a 

historical vowel /i/  in some stage of the evolution (Zhu, 2004; Zhao, 2007). The 
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voiced fricative /zּׁש/  in JHC could be one step within this evolution, while in other 

Chinese languages an approximant-like sound may be observed. In this dissertation, 

I will argue for an extension of the nucleic inventory of JHC from the most vocalic 

sounds to nasals, approximants and voiced fricatives. All these segments pattern as 

a class defined using the features [+ continuant, + voiced]. 

 

Chapter 2 introduces relevant concepts and terminologies as the background for this 

study. First, I will comment on the vowel-consonant dichotomy to pave the way for 

discussing the vowel-consonant continuum and the position of the apical vowel within 

this continuum. Then I will present a general review of the phonetics and phonology 

of apical vowels in Chinese languages, as well as several ósimilarô segments in non-

Chinese languages.  

Chapter 3 provides a thorough description of the sounds of JHC. Its consonantal, 

vocalic and tonal inventories are described with a focus on the syllabic consonants. A 

phonological description of the apical vowel is provided based on common principles 

of phonological analysis, including distributional, combinatory and functional 

attributes of the segment. 

Following these chapters, two empirical studies will be presented. 

Chapter 4 presents the acoustic study. The basic characteristics of the apical vowel 

will be analysed, including its duration compared to other syllable nuclei and its 

formant frequencies compared to other vowels. A focus will be placed on the nature 

of the frication noise and its comparison to sibilant consonants.  

Chapter 5 presents the articulatory study. The tongue configurations of JHC /zּׁש/  will 

be explored based on ultrasound tongue imaging, on both mid-sagittal and coronal 

planes. The ultrasound experiment will more specifically seek to determine whether 

the shape of the tongue is similar to that of the consonant /s/  or the high vowel /i/ . 

Chapter 6 recapitulates the main findings and contributions of this thesis. I will 

present an account to explain the variability in the way apical vowels are phonetically 

implemented, not only in JHC but also in other Chinese languages. Furthermore, I 

will discuss the concept of the vowel-consonant dichotomy versus a vowel-consonant 

continuum and the nature of syllable nuclei in JHC. Finally, I will conclude this 

chapter by pointing out some unsolved questions and proposing possible avenues for 

future research. 
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The distinction between óvowelô and óconsonantô is a fundamental division in 

linguistics. As Pike (1971: 66) pointed out, this division is frequently assumed for 

descriptions of single languages, with no attempt to define it. In this section, the 

definitions of vowel and consonant are discussed in the light of the mismatch 

between their phonological function and their phonetic implementation. 

There are two basic approaches in defining vowels and consonants, and the 

distinction between the two classes. One is based on phonological behaviour and 

function, such as distributional or combinatory facts (Vendryès, 1921; Grammont, 

1946; Hjelmslev, as cited in Troubezkoy, 1949: 96ï97; OôConnor & Trim, 1953). The 

other one is based on phonetic observations, describing the acoustic and/or 

articulatory facts (Passy, 1906; Sapir, 1921; Bloomfield, 1923; Trubetzkoy, 1969; 

Chao, 1980; Ladefoged & Johnson, 2011). The present discussion is essentially 

based on these two approaches.  

A third approach, which has a functional angle (Nespor, Peña & Mehler, 2003), can 

also be found in the literature. In this approach, the vowel and consonant are 

considered different by the division of labour in the lexicon and syntax: the consonant 

category conveys information about the lexicon while the vowel category conveys 

information about grammar. This functional point of view, which does not involve an 

acoustico-articulatory observation, will not be focussed on in the discussion.  

 

There has been no consensus on the definition of vowel and consonant. The debate 

on the fuzzy boundary between the two categories seems to be everlasting since 

1890s. When this question is addressed, two approaches are generally found in the 

literature.  
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The first approach is phonetically based, motivated by acoustico-articulatory 

observations. This is the approach adopted by Passy (1906), Sapir (1921), 

Bloomfield (1923), Trubetzkoy (1969), Chao (1980) and Ladefoged & Johnson (2011). 

This approach has an empirical, bottom-up view. The categories of vowel and 

consonant are defined by generalising common acoustico-articulatory specificities of 

observed speech sounds.  

For Passy (1906) the acoustico-articulatory boundary between vowel and consonant 

is not categorical. His definitions of the two sound-units are based on the opening of 

the vocal tract and the acoustic character of the sound: a vowel is a musical sound 

produced with an open mouth, a consonant is a noise sound produced with a closed 

or nearly closed mouth. Adopting this definition makes it almost impossible to find an 

exact limit between the two categories of sounds, since the articulatory adjustment 

could be insensible from a vowel to a consonant as illustrates the pair [u   w] .  

Sapir (1921) categorises vowels as voiced sounds during which the breath is allowed 

to pass through the mouth without being checked or impeded at any point. But he 

also notes that the breath may be momentarily checked or allowed to stream through 

a greatly narrowed passage with resulting air friction (Sapir, 1921: 51). Sapir does 

not give any specific example of vowels having ónarrowed passageô and ófrictionô, but 

his idea is that there is potentially infinite number of vowels. When the sound has an 

óoral resonance chamberô, then it is a vowel. Following this direction, the approximant 

sounds, such as [w   j] , could be considered as vowels with some ófrictionô. The 

consonants are those in which the stream of breath is interfered in some way. The 

result of the interference is a sharper, more incisive quality. He further divides the 

consonants into four groups: stops, fricatives, laterals and trills. It is clear that his 

categorisation is based on acoustico-articulatory characteristics of the speech 

sounds. It is unclear, however, if Sapir considers the boundary between vowel and 

consonant to be categorical.  

Bloomfieldôs (1923) phonetic description is based on IPA principles (1912). His 

categorisation is nearly identical to that of Sapir (1921). The speech sounds are 

classed into noise-sounds and musical-sounds. The noise-sounds are further divided 

into stops, trills and spirants. The musical sounds are further divided into nasals, 

laterals and vowels. He further gives the definition of vowels as ómodifications of the 

voiced-sound that involve no closure, friction, or contact of the tongue or lipsô 

(Bloomfield, 1923: 102). This definition suggests that Bloomfield held a categorical 

view: when there is closure, friction, or contact of the tongue or lips, the speech 

sound is not a vowel.  

For Trubetzkoy (1969), the categorisation of vowel and consonant can only be based 

on phonetic characteristics. For him, any definition of the two categories based on 

criteria other than acoustics and articulation is necessarily flawed. For him (1969: 94), 

ówhat characterizes a consonant is the production of an obstruction and the 
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overcoming of such an obstruction. A vowel é is characterized by the absence of 

any obstruction.ô Ladefoged & Johnson (2011) adopt a similar view. For them (2011: 

10ï19), in order to form consonants, óthe airstream through the vocal tract must be 

obstructed in some wayô, while in order to form vowels, óthe passage of the airstream 

is relatively unobstructedô.  

The definition of Trubetzkoy (1969) makes the vowel category and the consonant 

category mutually exclusive and thus dichotomic, since logically one sound cannot be 

produced with AND without an obstruction. Note, however, that Ladefoged & 

Johnsonôs (2011) definition is less categorical: the airstream is órelativelyô 

unobstructed can be interpreted as if the airstream during the production of a vowel 

could be obstructed to a certain degree. This definition can be directly linked to 

Ladefoged & Maddiesonôs (1996) ófricative vowelô category (see section 2.2.2.1), 

since they consider that vowels (namely the apical vowel in Chinese languages) can 

have frication as a secondary feature. To produce frication, the airstream must be 

obstructed to a certain degree.  

The phonetic approach, based on acoustico-articulatory observations, argues in 

majority for a non-dichotomic view of the relationship between the vowel category 

and the consonant category. It is impossible to determine, for example, the exact 

boundary where the vowel [i]  has a narrowed-enough air passage and becomes an 

approximant consonant [j] .  

 

The second approach is phonologically based, motivated by common phonological 

principles, such as distributional, combinatory and functional attributes of the sounds. 

This is the approach adopted by Vendry¯s (1921), Grammont (1946), Oôconnor & 

Trim (1953), and Jakobson & Waugh (1979). This approach has a theoretical, top-

down point of view. The vowel and consonant categories are defined based on their 

phonological patterning, and also by the native speakersô intuitions about the 

phonology of their language.  

Vendryès (1921) proposes that vowels and consonants should be divided on the 

basis of their role within a syllable. But he notes also that one phoneme can play the 

role of a vowel or of a consonant. If there is a difference in function, there is no, 

however, difference in nature. He clearly states that, in nature, there is no clear-cut 

limit between vowel and consonant.  

Grammont (1946) adopts a similar view as Vendryès (1921). He points out that there 

is no óimpassable borderô between the vowel category and the consonant category. 

His observation is that there are languages where some phonemes are sometimes 

vowels and sometimes consonants depending on the position they occupy, such as 

when some consonants can form a syllable either alone or in combination with other 

consonants. Clear enough, the position within a syllable is a fundamental criterion in 

defining the vowel category and the consonant category. 
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This categorisation based on syllable structure has been verified in English (Oôconnor 

& Trim, 1953). Their distributional study of the English phonemes has shown that 

there exists a division of function: some phonemes occur more in the nucleus 

position, and other phonemes occur more in the margins of the syllable (i.e., onset 

and coda). The former are vowels, and the latter consonants. This division is 

completely based on the distribution of English phonemes and can be seen as a 

dichotomic division of function.  

Jakobson & Waugh (1979) holds a nuanced view of vowel and consonant division 

based on their function. They recognise that the vowel-consonant categorisation is 

the most cardinal and most obvious bifurcation of speech sounds. The main principle 

of the differentiation between the two categories is related to their function and 

distribution: the vowel category functions as the syllable nuclei and consonant 

category as the margins of the syllable. They however also note that there is a 

necessity to recognise that the liquid sounds are sonorants, which is a óshiftingô class. 

That is to say, sonorant sounds have both consonantal and vocalic characters. This 

means that vowel and consonant categories are not mutually exclusive, since 

sonorants can be considered as both consonants and vowels.  

The phonological approach, based on the patterning of speech sounds, may argue 

for a dichotomic view of the vowel-consonant categorisation. Under this view, the 

vowel category functions as the nucleus of a syllable and the consonant category as 

the margin of a syllable. When it comes to ambiguous sounds (e.g., sonorants), the 

dichotomic categorisation becomes less evident. These three categories (i.e., vowels, 

consonants, and sonorants) are further discussed in section 2.1.1.3 based on 

Feature Theory.  

 

The studies reviewed above, adopting either the phonetic approach or the 

phonological approach, propose only one set of terminology, namely vowel and 

consonant. Some studies, while adopting the two approaches, propose multiple 

terminologies to account for both phonetic and phonological criteria. This is the case 

in Saussure (1916), Pike (1947), Greenberg (1962) and Chomsky & Halle (1968). 

Saussure (1916) proposes vowel/consonant for the phonetic description and 

sonante/consonante categorisation for the phonological description. Pike (1947) 

proposes vocoid/nonvocoid for the phonetic description and vowel/consonant for the 

phonological description. Greenberg (1962) follows Pikeôs (1947) categories. 

Chomsky & Halle (1968) propose sonorant, vocalic and consonantal categories, thus 

revoking the dichotomy between vowel and consonant.  

For Saussure (1916), the vowel-consonant dichotomy has been treated separately 

on the phonetic level and on the phonological level. For him, the nature of a sound 

and the function of a sound should be treated separately. The nature of a vowel and 
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the nature of a voiced consonant are comparable since they all include voicing in the 

phonation, and vowels and voiced consonants differ only by aperture. The oral cavity 

serves as a resonator in the production of a vowel, while in a consonant, the voicing 

is intercepted in the oral cavity. Following this point of view, there is no identifiable 

boundary between vowels and voiced consonants. However, their function differs 

within a syllable: the vowel is the centre of a syllable, thus having the sonante 

function; while a consonant is the sound that surrounds the vowel in the same 

syllable, thus having the consonante function. Under this double terminology 

(vowel/consonant, sonante/consonante), the sound [i]  is by nature a vowel but has a 

sonante function in fidèle [fid l̩]  and a consonante function in pied [pje] .  

In Saussureôs point of view, the phonetic level and the phonological level should be 

kept distinct. At the phonetic level, there is no acoustico-articulatory boundary 

between the vowel category and the consonant category. At the phonological level, 

their functions are categorical. That is to say, one sound of a certain language can 

have two functions, each function is by itself categorical. The French phoneme /i/  

can illustrate this approach. The phoneme /i/  can have a sonante function in one 

syllable and have a consonante function in another syllable. It can even have a 

sonante function in one production (e.g., lier ótieô [li.e]  (De Carvalho, Brandão, 

Nguyen & Wauquier, 2010: 159)) and a consonante function in another production 

(e.g., lier ótieô [lje]  (id.)). However, the double-functional phoneme /i/  in French does 

not imply an intermediate function between sonante and consonante. It only shows 

that the phoneme /i/  can occupy two different functions according to the phonotactic 

environment. When the phoneme is phonetically implemented, only one function can 

be assigned to it.  

Pike (1947) has a nearly identical view. He separates the speech sounds into 

vocoids/nonvocoids based on their acoustico-articulatory aspects, and into 

vowels/consonants based on their distributional characteristics. His arguments are 

the same as Saussure (1916), that is some segments, such as /i   u/ , can have the 

same structural positions as / a  o/  or as /t   s/. The segments /i   u/  can thus have a 

vowel function or a consonant function, which implies the separation of the phonetic 

form of a sound from its phonological function.  

Greenberg (1962) also separates the phonetic shape of a sound from its 

phonological function, following Pikeôs (1947) double terminologies. He proposes to 

define the vowel and consonant categories by ónon-phonetic criteria of distributionô. 

He defines the vowel category as óthe class of elements (i.e., phonemes) such that at 

least one member of the class appears in every expressionô, and the consonant class 

is defined as the complement class of that of the vowels. His definitions are 

somehow óvagueô since he does not specify what an óexpressionô is. However, the 

most interesting point in his proposal is that he further distinguishes vocoids from 

nonvocoids based on the following groupings: 1-vocoids, 2-frictionless continuants 

(sonorants), 3-friction continuants, 4-stops. He notes that in one language, the 
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existence of type 2 nucleus (in his terminology, vowel) implies the existence of type 1 

nucleus, but not vice versa. The existence of type 3 nucleus implies the existence of 

type 2 and 1 nucleus, and so forth. This observation clearly states that the nucleus 

function can be assigned to any type of sound regardless of its phonetic shape.  

The categorisation of speech sounds in Chomsky & Halle (1968) is an example of 

multiple terminologies, with the major class features having phonetic bases. They 

propose the three non-mutual exclusive categories (see also Jakobson & Waugh 

(1979)): sonorant, vocalic and consonantal. The sonorantïobstruent distinction is 

based on whether a óspontaneous voicingô is possible in the vocal tract. It is thus 

clear that óvowels, glides, nasal, consonants, and liquids are sonorantsô (Chomsky & 

Halle, 1968: 302). The sonorant category is also motivated phonologically, since 

these sounds clearly pattern together as a natural class in English (Chomsky & Halle, 

1968: 85, 354ï355). The difference between the vocalic category and the 

consonantal category is based on whether there is a óradical constrictionô in the mid-

sagittal region of the vocal tract. It is also, obviously, motivated by phonological 

patterning, as the two categories undergo respectively different phonological 

processes.  

It is worth noting here that by saying óvowels are sonorantsô and óvowels and liquids 

are vocalic soundsô, this analysis shows a similar point of view as presented above 

(Saussure, 1916; Pike, 1947). That is, ósonorantô, óvocalicô and óconsonantalô are 

phonological categories, while óvowelô and óconsonantô are phonetic descriptions: the 

phonological level and the phonetic level are described by two sets of terminologies.  

 

Categorisation is an elemental epistemological tool. To classify things is to arrange 

them in groups which are distinct from each other and are separated by clearly 

determined lines of demarcation (Durkheim & Mauss, 1903). All studies of human 

related phenomena start with categorisation: life vs. non-life, animal vs. plant, male 

vs. female, etc. These categories have been considered as dichotomies but are 

proven to be non-categorical by modern scientific researches.  

One of the most fundamental dichotomies is between life and non-life. But the 

boundary between these two categories seems to be blurred by the discovery of 

virus. The viruses are considered to be óat the edge of lifeô (Rybicki, 1990). Recently, 

the discovery of virophages (Pearson, 2008), the fact that a specific kind of smaller 

virus infects and parasitises bigger viruses, suggest that viruses are a kind of life 

form. If something can be sickened and eventually brought to death, it surely is alive 

(Pearson, 2008). However, the opposite view has been forcefully propounded as 

well: viruses cannot be considered alive because of their inability to reproduce 

without a cellular host (Moreira & López-García , 2009; López-García, 2012; Koonin 

& Starokadomskyy, 2016). The dichotomic view of life vs. non-life is challenged by 

(Corona)virus! 
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In biological taxonomy, the animal vs. plant dichotomy of life forms has been 

abandoned since early 20th century. Prior to that, concepts of organismal 

classification had been constrained within narrow boundaries that defined all life as 

either plant or animal (Scamardella, 1999). It is widely accepted today that all living 

and extinct organisms belong to two domains (or superkingdoms): Prokaryota and 

Eucaryota (Woese et al., 1990; Ruggiero et al., 2015a; Ruggiero et al., 2015b). 

Plants and animals are only two of the five kingdoms under the Eucaryota domain. 

Parallel to Animalia and Plantae, there are also Fungi, Chromista, Protozoa 

(Ruggiero et al., 2015b). In this case, the dichotomic view has been replaced by a 

hierarchical view with multiples classes organised in an arborescent and non-

dualistic representation.  

The male vs. female dichotomy in human and social sciences has been largely 

complemented by the gender continuum (Haig, 2004). Gender is the relationship 

between biological sex and behaviour (Udry, 1994). It is widely accepted today that 

gender refers to the social, cultural, and psychological traits linked to male and 

female through particular social contexts, and people of a particular sex category can 

be assigned with multiple gender traits linked to male and female (Wharton, 2004). In 

biological sciences, the dichotomy of sex is also questioned. The phenomenon of 

natural sex reversal and hermaphroditism is reported in vertebrates since early 

human history (Chan, 1970). It is shown that sex determination in European eel may 

be metagamic (i.e., non-generic) and that sex inversion may naturally occur when 

triggered by environmental factors (Wiberg, 1983). It is also proven that in amniote 

vertebrates, the sex determination is temperature-dependent. For Agamidae lizard, 

incubation temperature plays a crucial role in the sexual development of the 

embryos: the fitness of each sex was maximised by the incubation temperature that 

produces that sex (Warner & Shine, 2008). In flowers, plants and plant populations, 

the sexuality is clearly a complex phenomenon: some have unisexual flowers, some 

have bisexual flowers, some have only hermaphrodite flowers, and some have 

hermaphrodite, pistillate, staminate flowers on the same plant (Dellaporta & 

Calderon-Urrea, 1993). It is clear that whether in human and social sciences or in 

biology, the male vs. female dichotomy is not valid. It would seem unnatural that 

vowel-consonant dichotomy, based on the same complex physical world, could elude 

the same challenge. 
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The terminology óapical vowelsô and the non-IPA symbols [ḇ  Ḇ]  used to transcribe 

them are due to Karlgren (1915: 295). In his pioneer work titled Études sur la 

Phonologie Chinoise, he describes [ḇ]  as voyelle apico-gingivale and [Ḇ]  voyelle 

apical-alvéolaire:  

z

ᾪ

ʳ

[ḇ]

s z ḇ

[Ḇ]

Ḷ ᾪ Ḇ

1

 

1 N.B. In this dissertation, the English translations of all citations in French are mine. [Apical vowels, rare in 

European languages, bloom in Chinese. On the one hand, we find apico-gingival vowels, whose lingual 
articulation is most easily produced by widening the passage between the tongue and the gums to pronounce the 

consonant z , just enough to make the oral frication disappear. On the other hand, we have apico-alveolar ones 

whose lingual articulation is produced by a corresponding widening of the passage of ᾪ. High and yet without any 

pre-palatal elevation of the dorsum, these vowels make, when not labialised, an acoustic effect which brings them 

considerably closer to the Russian ʳ. Æ [ḇ] Apico-gingival vowel, high, tense, delabialised or with a wide labial 

opening. ... It is everywhere oral, and appears only in open syllables and after s, z. ... The absence of ḇ in other 

known languages makes its definition very difficult for enthusiasts. Common identifications such as ñshort u in 

Englishò, ñeu in Frenchò etc. are all quite incorrect. Æ [Ḇ]  Apico-alveolar vowel, high, tense, delabialised or with a 

wide labial opening ... It is everywhere oral and exists only in open syllable after Ḷ, ᾪ. ... A vowel very similar to Ḇ is 

found in some Swedish dialects; it is called the ñViby iò.] 
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To the best of my knowledge these cited phonetic descriptions of the apical vowels 

are the earliest in the literature. Karlgren presents these segments as ógenuineô 

vowels, but his description is more nuanced when studied in detail. He notes that the 

essential difference between the apical vowels and the corresponding consonants 

[z   ᾪ]  is the air passage. The air passage is more enlarged in the apical vowels than 

in [z   ᾪ] , so that the oral frication noise disappears. Following this description, the 

apical vowels could as well have been analysed as some fricative-like segments, 

since the articulatory gesture involved is essentially the same as for [z] .  

For Karlgren (1915: 296), [ḇ]  and [z]  are two different segments sharing the same 

place of articulation. He goes on in his description of apical vowels, and states: 

ḇ z
ḇ

z ḇ
zflz sḇ

szfltsḇ tszfl tsôz

Again, the similarity in articulation between the apical vowel [ḇ]  and the consonant 

[z]  is clearly stated. It is interesting to see that Karlgren, while he opposes the 

consonant [z]  to the apical vowel [ḇ] , indicates that they are exchangeable 

ópermutableô. It is difficult to know Karlgrenôs exact criteria that differentiate the 

consonant [z]  from the apical vowel [ḇ] . But the existence of frication noise is 

probably an important indicator since he describes the apical vowel [ḇ]  as having an 

enlarged air passage compared to [z] , just enough to make the frication noise 

disappear. Following this understanding, the difference between a [sḇ]  syllable and a 

[sz]  syllable would thus be linked to the presence/absence of frication noise on the 

syllable nucleus: [ḇ]  with no frication noise and [z]  with frication noise.  

In the 1950s, the apical vowel symbols [ḇ  Ḇ]  coined by Karlgren (1915) were 

introduced into China possibly by German linguists (Pullum & Ladusaw, 1996). Along 

with the symbols [ḇ  Ḇ] , two other symbols [Χ  Ψ]  (Karlgren, 1915: 297) representing 

the rounded apical vowels were also introduced into China at the same period 

(Pullum & Ladusaw, 1996). The four symbols [ḇ  Ḇ  Χ  Ψ]  appeared in  

A compendium of Chinese dialects (Yuan, 1960: 7). Since then, the terminology 

 

2 The consonant zfl here corresponds to the IPA notation zּׁש.  
3 The affricate consonant tsô here corresponds to the IPA notation tsΌ.  
4 [On the other hand, several scholars have transcribed ḇ with the consonant ózô, which is in fact not a bad graph. 
This is because ḇ, for the position of the tongue, is homorganic to z, and in all the dialects that have ḇ one can find 

many individuals who substitute it with zfl (z syllabic): sḇ and szfl, tsḇ and tszfl are interchangeable on an individual 

basis (tsôz hardly exists).] 
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óapical vowelsô and the four symbols have been widely used until today among 

researchers working on the phonetics and phonology of Chinese languages (to cite a 

few: Kratochvíl, 1968; C. Cheng, 1973; Howie, 1976; Svantesson, 1984; Zee & Lee, 

2007; Shi, Peng & Liu, 2015; Faytak & Lin, 2015; Faytak, 2018).  

Most of the studies on apical vowels are based on SC5, but apical vowels are also 

attested in other Chinese languages (Wu, 1995; Wang, 2006; Hu, 2007; Hou, 2009), 

and even in some non-Chinese Sino-Tibetan languages (Baron, 1974; Michaud, 

2008; Wang, 2010). The presence of apical vowels in all these languages has always 

been related to a historical /i/  in some stage of the evolution (Zhu, 2004; Zhao, 

2007; Jacques & Michaud, 2011; Gong, 2016). In this review, the status of apical 

vowels in SC is reported in section 2.2.2.1, before reporting on other Chinese 

languages in section 2.2.2.3. Similar phenomena observed in non-Chinese 

languages are reported in section 2.2.3, namely the Swedish Viby-i, the Lendu 

vowelless syllable, the Mambila fricative vowel and the Ikema fricative vowel. 

The name óapical vowelsô and the four symbols used to transcribe them are not 

accepted by all researchers, as various other symbols have been proposed in 

different descriptions and analyses. The following review uses the original symbols 

used in each study, as this can reflect the phonetic and phonological nature adopted 

by each study. A summary of the correspondence between all the names and all the 

symbols is given in Table 2.1.  

This review focuses on the non-rounded apical vowels. Whenever the term óapical 

vowelô is used, it refers to the non-rounded apical vowels as, for example, the 

variants of apical vowels in SC. The rounded versions [Χ  Ψ] , being much rarer in 

Chinese languages, are not included in this review.  

  

 

5 SC is also called Putong Hua  ócommon speechô. Other terms for SC are Beijing Mandarin, Standard 

Mandarin, Mandarin Chinese, or simply Mandarin (Duanmu, 2007: 4). In this study, the term SC is used for 
simplicity.  
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Concerned segment Terminology Symbols 

The syllable nucleus of 

[tsz]   (Pǭnyǭn: z³) in 

SC or the equivalent 

segment in other 

Chinese languages.  

Apical vowel 

Apical front vowel 

Dental apical vowel 

ḇ 

Fricative vowel ñ 
Syllabic fricative zּׁש  z 

Syllabic approximant 

Syllabic apical post-alveolar approximant 

Syllabic dental approximant 

᷉   שּׁ᷉

The syllable nucleus of 

[tḶᾪ]   (Pǭnyǭn: zh³) in 

SC or the equivalent 

segment in other 

Chinese languages.  

Apical vowel 

Apical back vowel 

Retroflex apical vowel 

Ḇ 

Fricative vowel ñ 

Syllabic fricative ᾪּׁש  ᾪ 

Syllabic approximant 

Syllabic apico-laminal or laminal denti-alveolar 

approximant 

Syllabic retroflex approximant 

᷾   שּׁ᷉

 

 

In this section, the descriptions of apical vowels in Chinese languages are reviewed. 

The apical vowels in SC, reviewed in section 2.2.2.1, are the most studied variants. 

Three other variants of apical vowels, different from the SC ones, are selected 

according to their phonological and phonetic behaviour and reviewed in section 

2.2.2.3.  

In section 2.2.2.1, the different analyses of the apical vowels in SC are reported in 

the following order: the vowel analysis, the syllabic fricative analysis and the syllabic 

approximant analysis. This order is more or less a chronological one, following the 

advancements in the understanding of these segments. As already stated, the 

different analyses are presented keeping with the original symbols used. In the cases 

where the original symbol is not transparent enough, a footnote is given to specify 

the correspondence.  

In section 2.2.2.3, three Chinese languages are presented: the Hefei-Mandarin 

Chinese (HMC), the Qinghai-Mandarin Chinese (QMC) and the Suzhou-Wu Chinese 

(SWC). The first two languages (both belong to the Mandarin group as SC) are 

chosen since their apical vowels are reported to be different from the apical vowels 
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attested in SC. The Suzhou-Wu Chinese is reported to have apical vowels occurring 

in the same contexts as in SC, but with a different phonetic implementation.  

 

SC has two apical vowels [ḇ]  and [Ḇ] , as the following examples in (1) show: 

(1)   р ósilkô   [sḇ]       ópoetryô  [ḶḆ]  

 ópostureô [tsḇ]      óknowô  [ṨḶḆ]  

 óflawô   [tsΌḇ]      óeatô   [ṨḶΌḆ]  

                ósun, dateô [ᾪḆ]   

The two apical vowels are considered to be allophonic variants of /i/ : [ḇ]  occurs after 

dental sibilants, and [Ḇ]  occurs after retroflex sibilants (R. Cheng, 1966; C. Cheng, 

1973). This complementary distribution is summarised in Table 2.2. This is the 

traditional view of the apical vowels in SC (Hartman, 1944; Hockett, 1947; Fu, 1956; 

R. Cheng, 1966; Kratochvíl, 1968). In this analysis, the apical vowels are considered 

as vowels. They occur at the nucleus position of the syllable hence function as the 

tone-bearing unit (TBU) of the syllable (Hartman, 1944).  

As shown in Table 2.2, the high vowel /i/  does not occur after dental and retroflex 

sibilants. It is proposed that there is a co-occurrence restriction (R. Cheng, 1966) 

between the dental and retroflex sibilants and the high front vowel /i/ , the syllable 

nuclei after the dental and the retroflex sibilants are thus the apical vowels.  

[i]

s  ts  tsΌ Ḷ  tḶ  tḶΌ ȭ  tȭ  tȭΌ 

*  *  ȭi  tȭi  tȭΌi 

sḇ  tsḇ  tsΌḇ *  *  

*  ḶḆ  tḶḆ  tḶΌḆ *  

 

As discussed in the previous section, since the earliest description of the apical 

vowels (Karlgren, 1915), the homorganicity between the apical vowels and the 

sibilant consonants has been noticed and has always been at the centre of the 

discussion. The apical vowel [ḇ]  is described as the apical front vowel and [Ḇ]  as the 

apical back vowel (Zhou & Wu, 1963), the radiographs of the two segments together 

with the consonants [s  Ḷ]  are presented in Figure 2.1. It is probably due to the 

tongue tip position difference that Zhou & Wu (1963) have named the two apical 
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vowels as front and back. It can be observed in their radiographs that the tongue tip 

in [ḇ]  has a denti-alveolar position, while the tongue tip of [Ḇ]  has an alveolar position.  

 

[s  Ḷ]
[s  Ḷ] [sa  Ḷa]

[tsḇ  tḶḆ]

 

Zhou & Wu (1963) also note that the tongue shape of [ḇ]  is comparable to the tongue 

shape of [s] , while the tongue shape of [Ḇ]  can be compared to [Ḷ] . They only 

present the tongue shapes as comparable, but do not give any detailed comments on 

this comparison. As shown in Figure 2.1, the tongue shape of [ḇ]  and the tongue 

shape of [s]  are fairly similar but the tongue shapes of [Ḇ]  and [Ḷ]  do show some 

differences. The tongue apex seems to be more raised in [Ḇ]  than in [Ḷ] , and the 

sublingual cavity is larger in [Ḇ]  than in [Ḷ] . This point may have been the reason why 

Zhou & Wu (1963) did not claim confidently that the apical vowels were homorganic 

to the sibilants [s  Ḷ], but only as ócomparableô.  

The homorganicity between the apical vowels and the preceding sibilants is also 

claimed by C. Cheng (1973). He refers to the apical vowel [ḇ]  as ódental apical vowelô 
and the apical vowel [Ḇ]  as óretroflex apical vowelô. The two apical vowels are 

variants of the high vowel /i/  and they are clearly described as óhomorganic to the 

preceding consonantô (C. Cheng, 1973: 13). The dental apical vowel [ḇ]  is 

homorganic to [s]  and the retroflex apical vowel [Ḇ]  is homorganic to [Ḷ] . In a similar 

vein, Ladefoged and Maddieson (1996: 314) note that the apical vowels are ómade 

with the tongue in essentially the same position as in the corresponding fricativesô 

and refer to these segments as ófricative vowelsô. 
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The other important attribute of apical vowels is that they can contain frication noise 

(Trubetzkoy, 1969; Ladforged & Maddieson, 1996). Trubetzkoy (1969: 171) 

describes these segments as having audible frication noise: 

For Trubetzkoy (1969), as for Karlgren (1915) before him, the two segments are óa 

type of vowelô, notwithstanding their ófrictionlike noiseô. A similar observation can be 

found in Howie (1976: 6), who also noted that the two apical vowels were produced 

óoften with continued frictionô.  

The descriptions presented above have one major point in common: they all consider 

the óapical vowelsô to be vowels. But the vowel analysis, although it has a large 

influence among scholars, is not accepted by all researchers. Chao (1961: 22) 

argues that the apical vowels are not genuine vowels, given their homorganicity with 

the preceding sibilants. His observation is particularly interesting since he is among 

the first researchers to avoid using the term óapical vowelô and the [ḇ  Ḇ]  symbols:  

y

tz ts s z
sy s z

z
r

In his A grammar of spoken Chinese (1968: 24), Chao uses the symbol [zּׁש]  for [ḇ]  
and the symbol [ּׁ᷉ש]  for [Ḇ] , clearly showing that he analyses the apical vowels as 

syllabic consonants homorganic to the sibilant onsets. But it is interesting to see that 

he is careful about the presence of frication noise, as he considers the apical vowel 

[ḇ]  as óneed not, and usually does not have much fricationô. That is to say, the apical 

vowel after dental sibilants can sometimes contain some frication noise, but this 

frication noise is not systematic. It seems that Chao is faced with three contradictory 

 

6 This notation corresponds to the two apical vowels [ḇ  Ḇ] . 
7 This notation corresponds to the consonant [ts]  
8 This notation corresponds to the consonant [tsΌ]  
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facts: (i) the apical vowel is homorganic with the preceding sibilant onsets [s  ts  tsΌ] 

(ii) it does not always contain the should-be-there frication noise given that it has the 

same articulatory gesture as the sibilants, and (iii) it still has a óbuzzing qualityô and 

still ósounds like a prolonged zô. His final choice is to analyse the apical vowels as 

syllabic consonants [zּׁש]  and [ּׁ᷉ש] , which reflects correctly the homorganicity between 

the two segments and the sibilant onsets. But he provides no further discussion on 

the frication noise.  

Similar to Chaoôs analysis, apical vowels have been analysed as syllabic fricative 

consonants, and transcribed using [z]  and [ᾪ]  symbols by other authors (Dell, 1994; 

Wiese, 1997; Yu, 1999; Duanmu,2007). According to Yu (1999) the presence of high-

frequency noise in the 4000ï7000 Hz region is the definitive indication of the sibilant 

property of óapical vowelsô. From a phonological perspective, Dell (1994) interprets 

apical vowels as the voiced prolongation of the preceding syllable onsets, this 

analysis is fundamentally identical to Chaoôs (1961, 1968) view. For Wiese (1997) 

and Duanmu (2007: 44), the homorganic property of apical vowels is a result of 

feature spreading: the coronal features (including [+fricative]) of the preceding sibilant 

onset spread into the empty syllable nucleus (see Figure 2.2). 

 

[tszz]

 

Duanmuôs analysis can account for the homorganicity between the apical vowels and 

the preceding sibilant onsets. The onset [ts]  occupies a single time unit and the 

empty nucleus occupies two time units. The onset [ts]  has two articulators, Vocal-

cords, which dominates the feature [-voice], and Coronal, which dominates [+stop] 

and [+ fricative]. [ts]  must be linked to the onset. The empty slots in the rhyme trigger 

the spreading of [+fricative], which activates Coronal. The result is [ts]  in the onset 

and [zz]  in the rhyme. The voicing of the rhyme [zz]  comes from the nucleus position, 

which requires that any segment occupying this position to be voiced. The same 

analysis could be applied to all the onsets having articulator Coronal-[+fricative] 
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(Duanmu, 2007: 44). Following this analysis, the examples in (1) are analysed as in 

(2). 

(2)   р ósilkô   / s/   [szz]  

 ópostureô / ts/   [tszz]  

 óflawô   /tsΌ/  [tsΌzz]  

 ópoetryô  /Ḷ/   [Ḷᾪᾪ]  

 óknowô  /ṨḶ/   [ṨḶᾪᾪ]  

 óeatô   /ṨḶΌ/   [ṨḶΌᾪᾪ]  

    ósun, dateô /ᾪ/   [ᾪᾪᾪ]  

It is worth noting that Duanmu (2007) does not consider the apical vowels to be 

allophones of /i/ , since he does not propose any underlying form for the apical 

vowels. In his analysis, as presented above, the apical vowels are triggered by an 

empty nucleus slot. Their phonological specifications are the result of feature 

spreading processes. Furthermore, in his analysis, the vowel /i/  has a different 

distribution compared to the traditional view presented in Table 2.2. He considers the 

syllables [ȭi  tȭi  tȭΌi]  to have variants [sчi  tsчi  tsΌчi], and they are all derived from 

the underlying /si   tsi   tsΌi/ syllables. This means that the vowel [i]  can occur 

underlyingly after dental sibilants /s   ts  tsΌ/ and that the palatal consonants 

[ȭ  tȭ  tȭΌ]  are not phonemic.  

The analysis of óapical vowelsô as fricatives has been questioned by some recent 

studies, who argue that these segments are best analysed as approximants (Lee & 

Zee 2003, Lee-Kim 2014). In their IPA description of SC, Lee and Zee (2003), who 

use the symbol [ּׁ᷉ש]  to transcribe the two apical vowels, described them as ósyllabic 
apical post-alveolar approximantô and ósyllabic apico-laminal or laminal denti-alveolar 

approximantô. This transcription is adopted by Lin (2007: 72) who uses the symbol [ּׁ᷉ש]  
to transcribe the two apical vowels in SC:  
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Lin (2007) considers apical vowels to be the voiced prolongation of the syllabic 

onsets with possibly a lesser degree of constriction, thus yielding little friction. This 

description is fundamentally identical to what has been proposed by Chao (1968). 

Similar to Chao (1961, 1968), Lin (2007) is not sure about the presence of the 

frication noise and argues that there ócan be a lesser degree of constrictionô, which 

should lead to less frication noise.   

In Lee-Kimôs (2014) comprehensive revision of SC apical vowels, she shows that the 

apical vowels are indeed homorganic to the sibilant onsets with a slightly retracted 

tongue root for [ḇ]  and a slightly lowered tongue body for [Ḇ] . But they have no or 

very little frication noise. She does observe very short carryover frication noise that is 

attributed to a mere gesture overlap between sibilant onsets and the homorganic 

apical segments. 

The spectrograms of the SC apical vowels in Lee-Kimôs (2014) study are reported in 

Figure 2.3. She presented three speakers showing three different patterns: RJ does 

not have any frication noise, WY has very short carryover frication noise, and WH 

has relatively long frication noise on the apical vowel [ ]᷉  after sibilant [s]  but no 

frication noise on the apical vowel [ ]᷾  after sibilant [Ḷ] . She notes that with the 

exception of these three subjects, the apical segments behave similarly to other 

vowels, presenting a periodic waveform and a nearly clear separation of the frication 

noise from the following vocalic period.  

Based on the observations that (i) the apical vowels are homorganic to the sibilant 

onsets and that (ii) no systematic frication noise is produced, Lee-Kim (2014) argues 

that the apical vowels are syllabic dental and retroflex approximants, which she 

transcribes as [ ]᷉  and [ ]᷾ , respectively. 
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[s ]᷉ [Ḷ ]᷾

 

The four different accounts on óapical vowelsô (i.e., apical vowel, fricative vowel, 

syllabic fricative consonant, syllabic approximant consonant) seem to depend on 
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whether phonological or phonetic criteria are applied. In this section, the four 

accounts will be discussed individually with a focus on the advantages and 

disadvantages of each account.  

The vowel analysis, either óapical vowelô or ófricative vowelô, is essentially based on 

their phonological patterning: (i) they are allophonic to vowel /i/ ; (ii) they function as 

syllable nuclei; and (iii) they can be tone-bearing units. This point of view is 

phonologically convenient since it complies with the habitual syllable structure of SC, 

that is the nucleus of a syllable should be a vowel9 . In this view, the acoustic 

presence of a clear formant structure in apical vowels is considered as a definitive 

character for vowels, and the raised tongue body is considered to be a vowel gesture 

(C. Cheng 1973). However, the vowel analysis is phonetically inconvenient since it 

cannot explain the fact that (i) the apical vowels are homorganic to the sibilant onsets, 

and (ii) the possible presence of frication noise. These two points argue strongly for a 

syllabic consonant analysis (whether fricative or approximant), since a vowel, a priori, 

should not be homorganic to a fricative consonant and should not contain any 

frication noise. 

 

Furthermore, if the two apical vowels are called óapical front vowelô for [ḇ]  and óapical 
back vowelô for [Ḇ]  (Zhou & Wu, 1963), their formant values do not match their 

description. The apical back vowel [Ḇ]  has a higher F2 than the apical front vowel [ḇ] , 

 

9 The nucleus of a syllable in SC is almost always a vowel, only very marginal examples of syllabic consonants 

such as [m  n  ֤] (Duanmu 2007: 34) can be found.  
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as shown in Figure 2.4. This means that the correlation between the F2 and the 

anteriority of vowels is not applicable to the SC apical vowels (Lee, 2005) since the 

F2 values indicate that [Ḇ]  should be the front one and [ḇ]  the back one. 

The ófricative vowelô analysis argued for by Ladefoged and Maddieson (1996: 314) is 

an attempt to unify the phonological behaviour (i.e., óvowelô) and the phonetic 

implementation (i.e., ófricativeô). This analysis acknowledges the óvowelô status of the 

apical vowels and adds the ófricativeô property as an additional vowel feature. But 

Ladefoged and Ferrari Disner (2012: 26) stated that a vowel would be óany sound 

occurring in the middle of a syllable, provided that it is produced without any kind of 

obstruction of the outgoing breathô. Clear enough, the ófricative vowelsô, if produced 

with frication noise, would not comply with this definition. Ladefoged10 changed his 

earlier observation and noted óit is certainly true that the fricative noise carries over 

into the beginning of the vowel. But the greater part of each of these vowels does not 

have any fricative turbulence.ô This new observation should rule out his earlier 

ófricative vowelô analysis. It is evident that in this analysis, the presence of frication 

noise is again at the centre of the discussion. If the frication noise exists, then the 

apical vowels cannot be vowels since vowels should not have any kind of obstruction 

of the outgoing breath. If the frication noise does not exist, then the category ófricative 

vowelô should not exist. Either way, the ófricative vowelô analysis is not ideal.  

The analysis of apical vowels as ósyllabic fricativesô is based mainly on phonetic 

observations. It can reflect correctly the acoustic presence of frication noise and the 

homorganicity with the coronal sibilants. But this analysis, it could be argued, is 

phonologically unnatural, since it assumes that an underlying vowel (i.e., /i/ ) has 

fricative consonants as allophonic variants (Wiese, 1997). This point of view is not 

adopted by Duanmu (2007: 44). In his analysis, the syllabic fricatives are not derived 

from an underlying /i/  or any other underlying vowel, but rather triggered by an 

empty nucleus slot. When adopting Duanmuôs point of view, the unnaturalness of 

having allophonic fricative consonants and vowel /i/  no longer exists. Still, the 

syllabic fricative analysis also assumes that the fricative consonants in [szּׁש  Ḷᾪּׁש]  
occupy the nucleus position of the syllables and function as tone-bearing units, in a 

striking exception to the behaviour of other obstruents in SC.  

The ósyllabic approximantô analysis is also based on phonetic observations. It 

captures the tongue shapeôs slight articulatory difference between the sibilant onsets 

and the óapical vowelô, and thus explains the absence of frication noise in some 

cases. But such absence of frication noise is not consistent in all studies. Lee-Kim 

(2014) observes no or little frication noise on apical vowels, while other researchers 

report important interspeaker variation (Yu, 1999; Faytak & Lin, 2015). When frication 

noise is observed, it is generally limited to the very beginning of the segment and 

lasts a very short period of time. This suggests, according to Lee-Kim (2014), that 

 

10  This citation can be found on the web site of UCLA Phonetics Lab data: 
http://www.phonetics.ucla.edu/appendix/languages/chinese/chinese.html 



 25 

this frication noise is an outcome of gestural overlap between sibilants and the 

following homorganic óapical vowelsô, so that the frication noise cannot be directly 

related to a fricative nature. Phonologically, however, the syllabic approximant 

analysis is not more ónaturalô than the syllabic fricative analysis if the syllabic 

approximants are analysed as derived from an underlying /i/ .  

In a nutshell, the main difficulty encountered in the analysis of óapical vowelsô in SC is 

that their phonetic implementation does not match their phonological behaviour: the 

former provides evidence for a consonant analysis while the latter provides 

arguments for a vowel analysis. The same dilemma was faced by researchers 

working on óapical vowelsô in other Chinese languages. 

 

In addition to SC, other Chinese languages present numerous examples of apical 

vowels, especially the non-retroflexed non-rounded [ḇ] variant. It can be termed 

óapical vowelô, óapical front vowelô or ódental apical vowelô in different studies. This is 

the variant that occurs after sibilants [s  ts  tsΌ] in SC. In this section, only this variant 

is reviewed, since it is more widespread than the retroflexed variant [Ḇ]  and the 

rounded ones. As observed in the description of Chinese languages, when there is 

only one apical vowel, it is the [ḇ] . The other variants only occur when there is 

already the [ḇ]  in the inventory.  

In this section, apical vowels from Hefei-Mandarin Chinese, Qinghai-Mandarin 

Chinese and Suzhou-Wu Chinese are reviewed. These three Chinese languages are 

chosen according to the availability of the descriptions and the characteristics of the 

apical vowel. The two Mandarin Chinese languages are chosen to show that even 

within the Mandarin group, apical vowels can behave differently.  

Traditionally, the Chinese languages are divided into ten groups (Li et al., 1987): 

Mandarin , Jin , Wu , Hui , Xiang , Gan , Min , Yue 

, Ping , and Hakka ; each group can be further divided into subgroups. 

In order to provide more information on the cited Chinese languages, the group name 

is given with the name of the city/region where the language is spoken. For example, 

Hefei  is the city where the Hefei Chinese is spoken. Hefei Chinese is a 

Mandarin group Chinese language, so it is referred to as Hefei-Mandarin Chinese.  

The tones in Chinese languages can be transcribed using tone letters (Chao, 1930) 

as shown in examples (3), (4) and (5), or be transcribed using IPA tone symbols, as 

shown in examples (6) and (7). The original transcriptions are retained in the cited 

examples.  
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Hefei-Mandarin Chinese  (HMC) is a Mandarin Chinese language of 

Jianghuai-Mandarin  subgroup (Li et al., 1987). It has two [ḇ  Ḇ]  (Department 

of Chinese of Peking University, 1989) or three apical vowels [ḇ  Ḇ  Χ]  (Wu, 1995; 

Wan, 2014) depending on the descriptions. A complete analysis of the HMC 

phonemic inventory is not available. Concerning the apical vowels, [Ḇ]  occurs only 

after [Ḷ  tḶ  tḶΌ]  but the distribution of [Χ]  is not clear (the case of [ḇ]  is dealt with 

below). When the consonants /ȭ  tȭ  tȭΌ/  are followed by /i/ , they are realised 

[s  ts  tsΌ] respectively, and the vowel /i/  is realised [ḇ] , as shown by the following 

examples from Wu (1995) in (3). The apical vowel [ḇ]  in HMC is thus phonologically 

analysed as a contextual variant of /i/  (Wu, 1995), similar to the traditional view of 

apical vowels in SC.  

(3)   ówestô    /ȭi31/   [sḇ31]  

 óchickenô  /t ȭi31/   [tsḇ31]  

 órideô    /t ȭΌi31/   [tsΌḇ31]  

Unlike in SC, however, [ḇ]  in HMC is not always preceded by a homorganic onset. It 

can be preceded by [p   pΌ  m  z]  in addition to [s  ts  tsΌ] consonants (Wu, 1995). 

The following examples in (4) are also from Wu (1995): 

(4)    ócompareô  [pḇ24]  

    óskinô    [pΌḇ55]  

    óriceô    [mḇ24]  

At the phonetic level, the acoustic study from Hou (2009) reports that the HMC apical 

vowel has strong high-frequency frication noise at the 3000ï 5000 Hz region and the 

frication noise does not continue to the end of the segment. Hou (2009) considers the 

apical vowel as a fricative vowel ἷ  but does not provide further discussion on 

its frication noise. Wan (2014) has also conducted an experimental study on the 

HMC vowels. She treats the óapical vowelsô as genuine vowels and also concludes 

that [ḇ  Ḇ]  have óstrong frication noiseô, without however providing any further 
measurements on this property. Kong et al. (2019) follow Ladefoged and 

Maddiesonôs (1996) analysis and consider the apical vowels as ófricative vowelsô. 

Their study shows that strong frication noise can be observed on the HMC apical 

vowels even when it is preceded by bilabial and nasal consonants, though not on the 

entire duration of these segments. The frication noise is superposed on voicing and 

is observable only on the first 15ï 20% of the entire duration. They conclude that the 

frication noise is a secondary feature of the HMC apical vowel, and argue that this 

feature may be an important perceptual cue for the HMC apical vowels.  
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Qinghai-Mandarin Chinese (QMC)  is a Mandarin dialect of Lanyin-Mandarin 

Ὤ  group (Li et al., 1987). It has one apical vowel [ḇ]  which can be preceded 

by [p   pΌ  m  l  s  ts  tsΌ] consonants (Wang, 2006). The phonological analysis of this 

dialect is not available but Wang describes the phoneme /i/  as having three 

allophones [i   j  ḇ] . The two allophones, namely [ḇ  j] , coexist in regional variants of 

QMC. The following examples in (5) are from Wang (2006): 

(5)    óchickenô  [tȭj    tȭj  ] 

 ófundô   [tsḇ  ] 

У óoneô    [ḇ    j  ] 

    óladderô   [tsΌḇ  ] 

    ópolitenessô [lḇ ³]  

    ósoilô    [tsḇ²¹³]  

    óskinô    [pΌjΏ ] 

   Ц ósevenô   [tȭΌj    tsΌḇ  ] 

    óapricotô   [lḇ ³]  

Wang (2006) does not provide any argument on why [j]  can be the nucleus of a 

syllable, but it seems that he uses the symbol [j]  to represent a [i]  vowel with a 

closer lingual-palatal distance. This means that his [j]  symbol can also be considered 

as a raised [iּז] , hence [ḇ  iּז]  and [i]  are the three allophonic variants of the phoneme 

/i/ .  

No experimental study on QMC apical vowels is available but as examples in (5) 

show, similar to HMC, [ḇ]  is not systematically homorganic to the preceding onset 

consonant, as it does not share the same place of articulation with [p   pΌ  m] . The 

same remark can be made here: if the apical vowel is analysed as a syllabic 

consonant, then this syllabic consonant (whether a syllabic [zּׁש]  or a syllabic [ּׁ᷉ש] ) 
cannot be analysed as always homorganic to the onset.  

Interestingly, the syllabic consonant [vּׁש]  occurs after [p   l  tḶ]  in QMC, as the 

following examples in (6) from Dede (2006) show. If the apical vowel is analysed as a 

syllabic consonant [zּׁש] , then it will not be the only syllabic obstruent in QMC, since [vּׁש]  
is also a syllabic obstruent.  

(6)    óroadô  [lvּׁש]  

    óstoveô  [lvּׁש]  
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    ópigô   [tḶvּׁש]  

    ókitchenô [tḶΌvּׁש]  

    óclothô  [pvּׁש]  

 

An interesting case of apical vowels has been observed in Suzhou-Wu Chinese 

 (SWC), a Wu group Chinese language (Li et al., 1987). The description of this 

dialect shows that it has two apical vowels, a rounded [Χ]  and an unrounded [ḇ] , all 

occurring after sibilant onsets [s  ts  tsΌ  z]  (Ye, 1993). Interestingly, the apical 

vowels /ḇ/  and /Χ/  are independent phonemes which contrast with /i/ , as shown by 

the following minimal triplets in (7) (Ye, 1993):  

(7)    ófourô   [sḇ ]  

й óworldô   [sΧ ]  

 ósmallô   [si]  

 

 ópurpleô  [tsḇ]  

ў ómainô  [tsΧ]  

 ósisterô  [tsi]  

 

 óthisô   [tsΌḇ]  

 ómouseô  [tsΌΧ]  

 ótakeô  [tsΌi]  

The examples in (7) show that even though the apical vowels in SWC occur only 

after dental sibilants, they are distinct phonemes contrastive to /i/ . A consequence of 

this is that they cannot be analysed as derived from an underlying high vowel /i/ .  

At the phonetic level, Faytak (2018: 45) notes that they óhave an apico-alveolar 

constriction similar to a /z/  and could be transcribed as syllabic rounded and 

unrounded alveolar fricatives with a loose degree of constriction, i.e., syllabic, 

lowered [z] , [zw] ; both exhibit noticeable strident frication with a [z] -like qualityô. 

Lingôs (2009) acoustic and EMA analysis show that the two vowels display similar F1 

and F2 values, display frication noise in the 3000ï 8000 Hz region, and have a 

similar flat or concave tongue shape and a same apical-alveolar constriction. Faytak 

(2018: 94) also reports that the apical vowels and the onset consonant [s]  in SWC 

have a similar articulatory gesture. He argues that this articulatory similarity is 
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expected owing to the co-occurrence restrictions that require the apical vowels to 

occur immediately following an alveolar fricative or affricate.  

 

Since Karlgren (1915), the apical vowels are compared to similar segments in non-

Chinese languages. For example, the apical vowel [Ḇ]  is said to be similar to the 

Swedish óViby-iô (Karlgren, 1915: 295). Bell (1978) considers the apical vowels in 

Sino-Tibetan languages as ócoronal, strident, and voice ð in other words, z-like 

soundsô, and he also notes that óthe only non-Sino-Tibetan language with syllabics of 

this type is Lenduô. Ladefoged and Maddieson (1996) consider the apical vowels in 

SC as fricative vowels, and they report having observed similar phenomenon in the 

north-western part of the Bantu area (as in Mambila). More recently, the Ikema 

language of the Japonic family is also reported to have a ófricative vowelô similar to 

the apical vowel, to the extent that some researchers use the apical vowel symbol [ḇ]  
to transcribe it (Fujimoto & Shinohara, 2018). In order to provide a comparison to 

similar phenomena occurring in non-Chinese languages, the four cases said to be 

similar to the Chinese apical vowels are reviewed here: the Swedish Viby-i, the 

Lendu vowelless syllable, the Mambila fricative vowel, and the Ikema fricative vowel.  

 

Swedish (Glottocode: swed1254, ISO 639-3: swe) is a North Germanic language. It 

has 17 vowels /i₂  Ш  y₂  ᾀ  ậּב  ᴐ  e₂  ₂̩   ̩ ß₂  ï  Ť₂  a  o₂  ȯ  u₂  Ế/ (Engstrand, 1990). The 

óViby-iô is an allophone of /i₂/ found in many parts of Central Sweden. It is described 

as having a óthick, buzzing, dampedô quality (Westerberg, 2019). The Viby-i and the 

normal [i₂] of the same phoneme /i₂/ are two allophones that cannot coexist within a 

speech community, and speakers tend to use either Viby-i or standard [i₂] 

categorically. The Viby-i is also subject to many of the same phonological processes 

as [i₂] (e.g., diphthongisation and end-frication). In the case of the end-frication, it 

often takes a [z]  or [ð]  rather than a [j]  offglide. At the phonotactic level, the Swedish 

Viby-i is not conditioned by the consonantal environment (Westerberg, 2016). 
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The Viby-i has been the object of some acoustic studies. It is characterised by a 

markedly low F2, and a high F1 and F3, in comparison to standard [i₂] (Westerberg, 

2016, 2019). This formant pattern is also considered as ócentralisedô compared to 

standard Swedish /i₂/ (Björsten & Engstrand, 1999). As shows the Viby-i has a clear 

formant structure from the beginning of the segment until the offglide. After the 

release of the [p]  onset, there is no visible frication noise. Figure 2.6 shows that on a 

F1/F2 plane, the Viby-i is centralised, compared to [y   e] vowels. The F3 of the Viby-i 

is also lower than the standard [i₂].  

[pΌЌьta☼]

 

[i]
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/i/

Viby-i Females Males Males  Standard /i/  Males 

F1 398 337 350  F1 291 

F2 1946 1709 1590  F2 2107 

F3 3209 2741 2860  F3 3135 

 

Articulatorily, the Viby-i is found to be frequently produced with a double-bunched 

tongue shape as shown in Figure 2.7 (Westerberg, 2016). The tongue dorsum forms 

the first bunch and the tongue root forms a second bunch. The tongue dorsum has 

clearly a convex shape, but the highest point is lower than for [e] . Based on this 

observation, the Viby-i is also described to have a lowered tongue gesture compared 

to standard [i₂], and only 5 out of 18 speakers analysed in Westerberg (2019) have 

similar tongue heights for /i₂/ and /e₂/. 

In sum, the Viby-i is analysed as a vowel phonologically and phonetically which may 

be represented with the symbol [Ќ]  (Björsten & Engstrand, 1999). It has a centralised 

formant structure compared to [i₂] and is frequently produced with a lowered tongue 

dorsum compared to other high vowels. A double-bunched tongue shape is found in 

its articulation. The articulatory characteristics of the Viby-i do not suggest a fricative 

analysis, but a lowered and backed vowel compared to high vowels. The role of the 

tongue in producing frication or óbuzzingô is still unclear (Westerberg, 2019). 

[i]
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The Viby-i seems to be different from the apical vowels in both phonological 

behaviour and phonetic implementation. Phonetically, the most noticeable difference 

is that the frication noise is not a typical characteristic of this segment; the ódampedô 

or óbuzzingô quality is not systematically discussed in the literature and its tongue 

contour does not argue for a consonant analysis. Phonologically, the Viby-i is not 

conditioned by the consonantal environment, and its distribution is not linked to any 

sibilant sounds.  

The resemblance between the Viby-i and the apical vowel [Ḇ]  is firstly reported by 

Karlgren (1915: 295). He does not provide any description or argument on this 

resemblance, only stating that the apical vowel [Ḇ]  is ótrès analogueô to the Viby-i. His 

comparison only concerns the apical vowel [Ḇ]  but not [ḇ] . It is reasonable to assume 

that apical vowel [ḇ] , which is the variant attested in JHC, is not analogous to the 

Viby-i.  

 

Lendu (Glottocode: lend1245, ISO 639-3: led) is a Central Sudanic language within 

the Nilo-Saharan language family (Kutsch Lojenga, 1989). It has eight underlying 

vowels, but the exact phonetic characteristics of each sound are not clear. Kutsch 

Lojenga (1989) presents three [+ATR] vowels /i   u  /˃  and five [īATR] vowels 

/Ш   ̩ U  ȯ  Ť/ as underlying vowels for Lendu. The segment in Lendu that resembles 

to the apical vowels in Chinese languages is the nucleus of the so-called óvowelless 

syllablesô. The description of the vowelless syllables by Kutsch Lojenga (1989) can 

be compared to the descriptions of the SC apical vowels presented earlier in section 

2.2.2.1, they are nearly identical from a phonotactic point of view:  

s z r
ts dz n(d)z tr dr ndr pr kr kpr gr gbr mbr ngr ngbr dr

ᵻr Ṧr

s ts

s ts z

z r
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kŤ╚zz rr
dzz ndrr
ndzz╚

As this citation shows, the Lendu vowelless syllables parallel the SC apical vowels in 

three aspects:  

(i) In Lendu and SC, there exist two types of segments. The first one is a 

[z] -like segment and the second one is a [r] -like segment (or a rhotic-

like segment).  

(ii) The [z] -like segment occurs after [s  ts  tsΌ] in SC and after [s  ts  z  dz 
n(d)z]  in Lendu. The [r] -like segment occurs after [Ḷ  tḶ  tḶΌ]  in SC and 

after [r   tr   dr   ndr   pr   kr   kpr   gr   gbr   mbr  ngr   ngbr   dr   ᵻr   Ṧr]  in 

Lendu. They are arguably homorganic to their onsets.  

(iii) They are all obligatorily voiced since they all serve as tone-bearing units.  

The phonetic nature of the [z] -like segment11 in Lendu is studied in Demolin (2002). 

He reports that there is obvious continuity in the frication from the sibilant onset to the 

z-like nucleus, as can be seen in Figure 2.8.  

ss╚ 
[s] [z] [z]

 

Demolin (2002) reports that in a [z] -like nucleus preceded by an onset [z] , the noise 

is concentrated between 3000 Hz and 5000 Hz. He also notices that when the [z] -

like nucleus is preceded by an onset [s] , as shown in Figure 2.8, the frication noise 

 

11 The [r] -like segment was not studied in Demolin (2002). 
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continues into the syllable nucleus but with less amplitude. The tone is realised 

during, and phonologically associated with, the voiced nucleus.  

Demolinôs (2002) aerodynamic data further show that during the word ss╚ in Lendu, 

the intra-oral pressure behaves in a different way compared to other syllables with 

normal vowel nuclei. The intra-oral pressure shows that óafter an increase of pressure 

corresponding to the narrowing of the vocal tract, pressure decreases gradually up to 

the end of the syllableô (Demolin, 2002: 487). This pattern is shown in Figure 2.9. 

Demolin believes that this gradual decrease of intra-oral pressure is correlated to a 

gradual release of the constriction in the vocal tract, and some constriction is 

maintained during the vowel. Based on this observation, he further argues that the 

nucleus in the Lendu word ssͤ has two gestures: an alveolar fricative and a second 

óapical dorsal vocoidô gesture.  

The case of Lendu vowelless syllables is particularly relevant in the analysis of 

Chinese apical vowels since they are phonotactically and phonetically similar. The 

resemblance between the [z] -like nucleus in Lendu and the apical vowel [ḇ]  in JHC 

will be further highlighted in the general discussion (see section 6.3).  

 

ss╚.

 

Mambila (Glottocode: mamb1312) is a Bantoid language of the Volta-Congo 

language family (Connell, 2017). It comprises several dialects or languages 

straddling the Nigeria-Cameroon border, some of which are mutually intelligible 

(Connell, 2007). The Len dialect of Mambila, as described in Connell (2007), has 

nine phonological vowels /i   Ќ  ԃ  u  e   ̩ o  ȯ  a/ . The fricative vowels in Len are 

traditionally analysed as the result of a spirantisation process affecting the vowel /Ќ/  
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when it is preceded by palatal or labiodental consonants. They are noted using 

digraphs [ᾯ●i]  and [v●ԃ] , reflecting their complementary distribution: [ᾯ●i]  following 

labial plosive [b]  and postalveolar fricative [ḽ] , [v●ԃ]  following consonants 

[t   d  k  f   v]  and pre-nasalised consonants [ԁf   ԁv] .  

The fricative vowel [ᾯ●i]  can have a clear front vowel quality [i]  or a more centralised 

quality [Ќ]  depending on the speaker. The following examples of the syllable [bᾯ●i]  are 

from two different speakers, illustrating the presence of frication noise on this fricative 

vowel.  

The two examples are described as having alveolopalatal frication (Connell, 2007). It 

is notable that the frication noise of these two fricative vowels patterns differently. In 

the first case (Figure 2.10 left image), the frication seems to appear right after the 

labial release and disappears in the middle of the syllable nucleus. The syllable onset 

being a [b] , it is not possible to analyse this frication noise at being part of (or 

influenced by) the onset. In the second case (Figure 2.10 right image), the frication 

noise is observable after the labial release at around 5000 Hz and at the end of the 

syllable nucleus in a range of 5000ï 10000 Hz. It is still not possible to attribute the 

origin of the frication noise to the syllable onset. Connell (2007) does not provide 

acoustic signals of the two examples, but he notes that when asked to do several 

repetitions of the same word, the frication noise varies in intensity and frequency, 

sometimes it may also disappear entirely and this disappearing of frication noise has 

no noticeable effect on vowel quality.  

[bᾯ●i]

As observed in Figure 2.10, the fricative vowel [ᾯ●i]  has a F1 at around 500 Hz and a 

F2 at around 2000 Hz. Considering that the examples are from male speakers, this 
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formant structure is different to what is observed in the apical vowels in Chinese 

languages. Moreover, the end-frication observed in [ᾯ●i]  is not superposed on voicing.  

The fricative vowel [v●ԃ]  has a high central unrounded vowel quality, and it is 

described as having labiodental frication noise (Connell, 2007). An example having 

[v●ԃ]  as a nucleus is presented in Figure 2.11. As observed in Figure 2.11, the [kv●ԃ]  
syllable has a slightly aspirated [k] , and the frication noise seems to appear at the 

end of the nucleus, not at its beginning. Connell (2007) notes that there is no 

intervening period of frication between the consonant and the vowel. Again, this end-

frication, similar to the end-frication observed in [ᾯ●i] , cannot be argued to be part of 

the syllable onset [k]  and is not superposed on voicing.  

As Connell (2007) summarises, the vowel qualities of the two fricative vowels are not 

schwa-like, and the end-frication cannot be directly associated to an onset consonant. 

He further argues that the frication associated with the fricative vowels in Len is best 

seen as a vowel feature. This analysis is identical to the proposal of Ladefoged and 

Maddieson (1996: 314) presented above.  

The fricative vowels in Len do not resemble the apical vowels in Chinese languages, 

neither phonologically, nor phonetically. It seems that the ófricative vowelô proposal of 

Ladefoged and Maddieson (1996: 314) is more suitable for the fricative vowels of 

Mambila than for the apical vowels of Chinese languages.  

[kv●ԃ]  
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Ikema (Glottocode: ikem1234) is a Ryukyuan language belonging to the Japonic 

language family. It is spoken on Ikema Island, Sarahama (Irabu Island) and Nishihara 

(main Miyako Island) in Miyako-jima City of Okinawa Prefecture. Like other Ryukyuan 

varieties, Ikema is generally not spoken by the younger generations (Hayashi, 2010). 

Ikema has four main vowels /i   u  a  Ќ/  and two other vowels /e   o/  which appear 

only in interjection of sentence final particles (Hayashi, 2010). The vowel argued to 

be the ófricative vowelô is /Ќ/ . Ikema is a language with a word-tone system. Lexical 

tone appears at the right-most position of the lexical word. Two tones (a rasing/high 

level tone and a falling tone) are observed in the Ikema tonal system (Hayashi, 2010).  

The /Ќ/  vowel must be preceded by a consonant, restricted to /s   z  c  f/ . It is argued 

that this vowel /Ќ/  contains frication noise and can be transcribed using the /ԃ/  

symbol or even the apical vowel symbol [ḇ]  (Fujimoto & Shinohara, 2018). Fujimoto & 

Shinohara (2018) studied this vowel /Ќ/  with MRI (Magnetic Resonance Imaging) 

method. Their results show that the articulation of this vowel does not resemble that 

of a close central vowel. As Figure 2.12 clearly shows, /Ќ/  has a narrowed oral cavity 

at the alveolopalatal area, with a raised tongue tip for both speakers and a raised 

tongue dorsum for the first speaker (left image). The F1/F2 pattern shows that this 

vowel occupies the place of a close central vowel in the acoustic space (F1 around 

380 Hz and F2 around 1380 Hz).  

The Ikema vowel /Ќ/  has several similarities with the apical vowels in Chinese 

languages, these similarities can be found on both phonological and phonetic levels. 

Firstly, the vowel /Ќ/  appears only in nucleus position and can only be preceded by 

fricative consonants. This restricted distribution mirrors the SC and SWC apical 

vowel (see section 2.2.2.1 and section 2.2.2.3.3), which can only be preceded by 

alveolar fricatives. One small difference though is that the onset fricative consonants 
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in Ikema, namely /s   z  c  f/ 12, do not have the same place of articulation. However, 

recall that the apical vowel in JHC, HMC and QMC (see section 3.5, section 2.2.2.3.1 

and section 2.2.2.3.2) can all be preceded by labial consonants (though not /f/ ). 

Secondly, Ikema is a tonal language. The vowel /Ќ/  serves as a tone-bearing unit, 

just like any apical vowel in Chinese languages. Thirdly, the vowel /Ќ/  contains 

frication noise, and it is also called ófricative vowelô and transcribed using the apical 

vowel symbol [ḇ] . Its F1/F2 pattern resembles that of an apical vowel. Its articulation 

is studied for only two speakers but the results obtained are comparable to the JHC 

apical vowel. The two speakers in Figure 2.12 present two different gestures: the first 

speaker (left) has a slightly raised tongue tip and a high raised tongue dorsum, the 

second speaker (right) has a raised tongue tip but the tongue dorsum is flat. This 

similarity is also reported in 5.2.2 with comments.  

Overall, the Ikema fricative vowel provides a new case of ófricative vowelô comparable 

to the apical vowel in Chinese languages. The similarity, which merits further 

investigation, lies in both the phonological function of the segment and its articulatory 

configuration.  

 

In this review, apical vowels in Chinese languages and similar sounds in non 

Chinese languages are presented with a focus on their phonological status, and their 

phonetic manifestation. As sections 2.2.2 and 2.2.3 show, apical vowels can vary 

both in phonological behaviour and phonetic implementation.  

Phonetically, the presence of frication noise on apical vowels is at the centre of the 

debate since it is one of the main factors that help determine their phonetic nature. 

The presence of frication noise argues for a fricative/sibilant analysis and the 

absence of frication noise argues for an approximant/vowel analysis. Depending on 

the dialect, and sometimes on the speaker, apical vowels may exhibit a more or less 

important frication noise or even no frication noise at all. Any generalisation on the 

phonetic nature of apical vowels needs to take this variability into account. 

The articulation of the apical vowels is less known to researchers, as experimental 

studies have only been done on the variants that occur after alveolar sibilants (i.e., 

SC and SWC). Indeed, there are no articulatory studies conducted on apical vowels 

occurring after consonants other than alveolar sibilants. It is natural to relate the 

articulatory similarity to the phonotactic constraint between the apical vowels and the 

sibilant onsets and argue that the onset and the nucleus (i.e., the apical vowels) are 

homorganic. But this is simply not applicable to all apical vowels in Chinese 

languages, since not all apical vowels occur after alveolar sibilants only. The 

 

12 The /c/ consonant has two allophones [ts   tȭ]  (Hayashi, 2010), there is no description on their distribution. The 

vowel /Ќ/  seems to occur only after the allophone [ts]  (Fujimoto & Shinohara, 2018). It may be the case that the 

/Ќ/  vowel occurs only after coronal fricatives and affricate [s  z  ts]  and labial fricative [f] .  
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articulatory characteristics of the apical vowels after labial consonants should reveal 

their true articulatory nature since the labial onset should not have any influence on 

the tongue gesture of the following nucleus.  

Phonologically, apical vowels do not display similar behaviour across Chinese 

languages. Depending on the dialect, they can have a more or less restricted 

distribution and they can be phonemic or non-phonemic. It seems that the apical 

vowels always occur after alveolar sibilants but can also occur additionally after labial 

consonants and even lateral consonant; the occurrence of the latter implies the 

occurrence of the former. 

Last but not least, the similarity between apical vowels and other segments in non-

Chinese languages is not always based on solid grounds. It seems that the apical 

vowels in Chinese languages resemble only to the vowelless syllables in Lendu and 

the Ikema fricative vowel as discussed in section 2.2.3. The reported similarity 

between the apical vowel and the other two segments (i.e., the Swedish Viby-i and 

the Mambila fricative vowels) is overestimated.  

This review raises several questions about the phonetic and phonological nature of 

the apical vowel in JHC:  

- Are apical vowels produced with frication noise? If so, is it systematic or 

occasional?  

- What constriction in the vocal tract is responsible for the generation of the 

frication noise?  

- How are the apical vowels articulated? More precisely, are they articulated 

with a fricative gesture or a vowel gesture?  

- The apical vowels are not always homorganic to their onset consonants since 

they are not always preceded by alveolar sibilants. How do they behave 

articulatorily when preceded by non-alveolar onsets?  

- It is also clear that the apical vowels do not have the same phonological status 

in every Chinese language. How do they behave when they are not allophonic 

to high vowel [i]  as in SC?  

There is only one apical vowel in JHC, the one that is described as an apical front 

vowel or dental apical vowel with the symbol [ḇ] . I adopt the /zּׁש/  symbol to transcribe 

this segment in JHC, following Dell (1994), Wiese (1997), Yu (1999), Duanmu (2007) 

and the IPA symbol guidelines (IPA, 2010). This symbol, as I shall show, reflects the 

phonetic nature and the phonological function of the apical vowel in JHC: a voiced 

alveolar fricative that occupies the nucleus position of a syllable. When mentioning 

the other apical vowels in Chinese languages, the [z]  notation is adopted for 

simplicity.  
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In this chapter, a detailed description of the sound inventory of JHC is provided. The 

chapter is organised as follows: consonants, vowels and tones are described, with a 

focus on syllabic consonants /mּׁש  nּׁש/  [vּׁש] . The apical vowel /zּׁש/  and its phonological 

behaviour are presented at the end of the chapter.  

The present description of the sound inventory of the language is mainly based on 

Zhaoôs (1989, 2003) work, but I also provide a description of the allophonic variants 

based on my own observations.  
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JHC (Glottocode: jixi1238) is a Hui  group Chinese language (ISO 693-3: czh, 

Glottocode: huiz1242), spoken in the Jixi county  in Anhui province  (Li 

et al., 1987). It has two major variants, the Lingnan  variant and the Lingbei 

 variant (Zhao, 1989, 2003). The administration centre is located at the town of א

Huayang  where the Lingnan variant is spoken. The recent descriptions 

(Hirata, 1998; Zhao, 1989, 2003) and the present study are all based on this variant. 

The most recent population census reported 160 000 inhabitants in Jixi County 

(Anhui Bureau of Statistics, 2019). Although JHC is still widely spoken in both 

professional and familial contexts, the youngest generations predominantly speak SC, 

which is the language of education. Figure 3.1 shows where the Jixi county can be 

located on a map of China. The red dot in Figure 3.1-B represents the town Huayang, 

where all our recording sessions took place. 

 

 Bilabial Labiodental Alveolar Palatal Velar Glottal 

Plosive p  pΌ  t   tΌ  k  kΌ ῡ 

Affricate   ts   tsΌ    

Nasal m  n   ֤  

Fricative 
 f  s  x  

 v z    

Approximant w   j  Υ   

 

The examples shown in Table 3.2 are chosen according to the following criteria: a 

nucleus / a/  is used whenever possible; the tone //  is used whenever possible, 

otherwise the tone //  is used, or the tone / /  is used if no lexical item is available. 

Exceptions are [nzּׁש] , [ΥŤ♀] , [kwa]  and [ȯῡ] : / n/  occurs as onset only in [nzּׁש]  and 

before nasal vowels; /w/  occurs only in combination with /k   kΌ/ consonants; /Υ/  

has a very limited distribution, /Υȯ  ΥŤ♀  ΥϹ  Υaῡ  Υeῡ/  are the only syllables in which 

/Υ/  occurs as onset; /ῡ/  appears as syllable coda in closed syllables with checked 

tone and only idiosyncratically as syllable onset (see below). The ó-ô marks the cases 

where the corresponding orthographic transcriptions are not available.  
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 Phonetic Orthographic Gloss 

p pa  óbackô 

pΌ pΌa  ómatchô 

m ma  óchildô 

f  fa  óreturnô 

v va - ómake a fussô 

t  ta  ópairô 

tΌ tΌa  órecedeô 

ts  tsa ᾋ óagainô 

tsΌ tsΌa  óvegetableô 

n nz  ósoilô 

s sa  óbrokenô 

z zּׁש  ógreasyô 

w kwa - óspillô 

j ja  ҂ ótooô 

Υ ΥŤ♀  ómoistenô 

k ka  ólidô 

kΌ kΌa   óstandô 

 ֤ a֤  óloveô 

x xa  óchildô 

ῡ ȯῡ  (as in ) ópaternal grand-motherô 

 

In this section, the allophonic variants of the consonants, their distributions, and their 

possible position in a syllable are presented. There is no experimental study known 

to the author on the phonetic nature of the consonants in JHC.  

 

All plosives and affricates occur only as syllable onsets and are paired as aspirated 

and non-aspirated, except for the glottal plosive /ῡ/ . Aspirated /pΌ  tΌ  kΌ  tsΌ/ are 

strongly aspirated with a much longer VOT compared to their non-aspirated 

counterparts /p   t   k  ts/ . As mentioned above, the glottal stop occurs as syllable 

coda when the syllable has a checked tone (as in [iaῡ]  óleafô). It also occurs 
idiosyncratically in onsetless syllables, as for example in the form /ậ/  óspeechô 

which can be realised as [ῡậ] .  
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The bilabial plosives / p  pΌ/ can precede the apical vowel /zּׁש/ , as well as oral vowels 

and nasal vowels /ậ  u  ἇ  o  ȯ  a  Ť♀  »  ʯ/  in open syllables (e.g., [pa]  óbackô, [pzּׁש]  
ócloseô). In closed syllables, they can precede only /ἇ  o  ȯ/  vowels (e.g., [poῡ]  óto 
shellô [pἇῡ]  ónoô, [pȯῡ]  óeightô). They can also be followed by the / j/  glide. Zhao 

(1989, 2003) presented one syllable [pi]  óstelaô in which / p/  can be followed by a / i/  

vowel; this syllable is considered illegal by the speakers recorded in the present 

study and the word for óstelaô  is pronounced [pa]  instead.  

The alveolar plosives /t   tΌ/ are produced with the tongue tip against the alveolar 

ridge; but they can be produced with the tip of the tongue against the upper teeth 

when preceded by /i   a/  vowels. They can occur before the glide /j/  and are 

palatalised in that context. They can also occur before /ậ  u  ἇ  ȯ  Ť♀  ʯ  »/  vowels in 

open syllables and before /ἇ  o/  in closed syllables (e.g., [tậ ]  óhideô, [toῡ]  ódotô).  

The velar plosives / k  kΌ/ can also occur before /ậ  u  ἇ  o  ȯ  Ť♀  ʯ  »/  vowels in open 

syllables and before /ἇ  o  ȯ/  in closed syllables (e.g., [kậ ]  ówrapô, [koῡ]  óangleô); 
they are palatalised when followed by front vowel /i/ . However, they can only 

precede /w/  glide, and the lip rounding starts at the same time as the velar closure, 

the entire consonant being rounded.  

The alveolar affricates /ts   tsΌ/ have the same place of articulation as their plosive 

counterparts, and they can also be dentalised when preceding /i   a/  vowels. They 

can precede / i  ậ  u  ἇ  o  ȯ  a  z  Ť♀  ʯ  »/  vowels in open syllables and /ἇ  o  ȯ/  in 

closed syllables (e.g., [tsậ ]  óleftô, [tsoῡ]  ócatchô), but cannot precede any glide. In 
the context of / y  Ϲ/  vowels or / j  Υ/  glides, they are realised as alveolo-palatal 

affricates [tȭ  tȭΌ]  (e.g., / tsy /  [tȭy ]  ómouthô). These allophones are produced with 
the tongue apex against the alveolar ridge and the anterior of the hard palate.  

 

JHC has four fricatives in four different places of articulation: /f   v  s  x/ . The labial-

dental fricatives /f   v/  occur as onsets preceding oral and nasal vowels 

/ i  u  ἇ  ȯ  a  Ť♀  ʯ/  in open syllables and preceding /ȯ/  in closed syllable; but they 

cannot be followed by any glide (e.g., [fa]  ódustô, [fȯῡ]  ólawô). [v]  occurs also as an 

allophonic variant of /u/  vowel, as will be discussed in section 3.2.5.  

The alveolar fricative /s/  has an allophonic alveolo-palatal fricative [ȭ]  variant; they 

have the same place of articulation as their plosive and affricate counterparts, and 

display the same distribution as them: the palatal fricative [ȭ]  occurs only before 

vowels / y  Ϲ/  and / j  Υ/  glides, while the alveolar fricative [s]  occurs before 

/ i  ậ  u  ἇ  o  ȯ  a  z  Ť♀  ʯ  »/  (e.g., [si]  ówashô, / sy /  [ȭy ]  ówaterô). The alveolar [s]  

can also be dentalised when preceding /i   a/  vowels.  
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The velar /x/  occurs as an onset preceding oral and nasal vowels 

/ i  ậ  ἇ  o  ȯ  a  Ť♀  »  ʯ/  but cannot be followed by any glide (e.g., [xa ]  óseaô); it is 
palatalised when preceding the vowel /i/ . This velar is highly uvularised when 

preceding back vowels and could thus arguably have an allophonic [Ὃ] variant in 

/ xo  xἇ  xȯ  xŤ♀  x»/  syllables (e.g., / xo /  [Ὃo ]  ódownô, / xἇ /  [Ὃἇ ]  ógoodô).  

 

JHC has three nasal consonants /m   n  ֤/; the alveolar nasal /n/  has three 

allophonic variants [n    ֡ l] . The nasal /֤/ and the allophonic variants [֡   l]  can only 

occur as syllable onsets, while /m/  and [n]  can occur as syllable onsets or as 

syllabic consonants. The syllabic /m/  and [n]  will be discussed in section 3.2.5.  

When it is an onset, the labial nasal / m/  can be followed by the apical vowel /zּׁש/ , the 

oral and nasal vowels /ậ  ἇ  o  ȯ  a  Ť♀  »  ʯ/  (e.g., [mậ ]  ósomeoneô, [mzּׁש]  óriceô), 
and it can also be followed by the / j/  glide. Zhao (1989, 2003) presented a [mi]   

óbeautifulô syllable in which [m]  can be followed by /i/ . This syllable is considered 

illegal by the recorded speakers in the present study. They argued that the Chinese 

character  óbeautifulô is rather pronounced [mʯ ] .  

The alveolo-palatal [֡ ]  is produced with the tongue apex against the alveolar ridge 

and the anterior of the palate, akin to [tȭ  tȭΌ  ȭ]  consonants. Chinese dialectologists 

have been using the non-IPA symbol [֫] to transcribe this sound. The different 

variants of the alveolar nasal /n/  have a complex distribution: the alveolar [n]  occurs 

as onset with the apical vowel /zּׁש/  and can also function as a syllabic consonant (e.g., 

[nzּׁש]  óinô); the alveolo-palatal [֡ ]  occurs as onset only with / y/  and can precede 

/ j  Υ/  glides (e.g., / ny /  [ y֡ ]  ówomenô); the lateral [l]  occurs before 

/ i  ậ  u  ἇ  o  ȯ  a/  as onset and cannot be followed by any glide (e.g., / ni/  [li]  
ówillowô). However, if the rime is a monophthong nasal vowel, the alveolar [n]  and the 

lateral [l]  can be in free variation, thus [lŤ♀]  and [nŤ♀] , [lʯ]  and [nʯ] , [l»]  and [n»]  are 

equally acceptable.  

The velar nasal /֤/ occurs as onset with oral and nasal vowels / i  ậ  ἇ  o  ȯ  a  Ť♀  ʯ/ , 

it cannot be followed by any glide (e.g., [i֤] ólotus rootô, [Ť֤♀]  ócoverô). /֤/ is 

palatalised when followed by / i/  and /ʯ/ , produced in this case with the tongue 

dorsum against the posterior of the hard palate. 

 

In recent IPA descriptions of Chinese languages (Chen & Gussenhoven, 2015; Li et 

al., 2019; Zeng, 2020), the segments [j   Υ  w]  are denominated by two different 
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terminologies: approximant and glide. Although óapproximantô and óglideô are often 

used interchangeably, a distinction could be made depending on their role within a 

syllable: óglideô when it is part of the nucleus position and óapproximantô when it is at 

the margins of the syllable. Duanmu (2007) and Li et al. (2019) consider for SC and 

Tianjin Mandarin, that the [j   Υ  w]  are part of the syllable onsets. In Shanghai 

Chinese (Chen & Gussenhoven, 2015), the glides after alveolo-palatals are argued to 

be mere transitional elements. Traditionally, the JHC [j   Υ  w]  are analysed as being 

part of the syllable nucleus and form diphthongs with the following vowel (Zhao, 1989, 

2003). 

In JHC, the exact phonological and phonetic nature of these sounds will not be dealt 

with in the present study. The phonotactics are presented without further 

phonological analysis. The described common practice is followed. The [j   Υ  w]  
segments are presented in syllable initial position and referred to as approximant 

onsets. They are referred to as glide in post-consonantal, pre-vocalic position. None 

of them contrast with their high vowel counterparts in both positions.  

Amongst [j   Υ  w] , only [j   Υ]  can occur syllable initially (e.g., [ja ]  ótooô, [ΥŤ♀]  óeverô). 
These initial approximant onsets are alveolo-palatal, with lip rounding for [Υ] . The 

onset [j]  occurs before [ȯ  o  ậ  e  Ť♀  Ϲ  »]  in open syllables and before [a  o  e]  in 

closed syllables. The onset [Υ]  occurs before [a  ȯ  Ť♀  Ϲ]  in open syllables and before 

[a  e]  in closed syllables.  

All three [j   Υ  w]  occur at post-consonantal, pre-vocalic position (e.g., [pje ]  ówatchô, 
[pjŤ♀]  óbreadô, [ȭΥa ]  ótossô, [kwa ]  óturnô). The glide [w]  only occurs after / k  kΌ/ 

consonants (e.g., [kwa]  óspillô, [kΌwa]  ófragmentô). They can be followed by 
/ i  ȯ  a  Ť♀  ʯ/  in open syllables and by /ȯ  ἇ/  in closed syllables. The glide [Υ]  only 

occurs after /ts   tsΌ  s  n/  consonants. These consonants are palatalised and 

realised as their allophonic variants [tȭ  tȭΌ  ȭ  ]֡  (e.g., / sΥa /  [ȭΥa ]  ótossô). [Υ]  
can be followed by / a  ȯ  Ť♀  Ϲ/  in open syllables and by / a  e/  in closed syllables.  

The glide [j]  has the largest distribution, it occurs with /p   pΌ  m  t   tΌ  ts   tsΌ  s  n/  

consonants (e.g., [pje ]  ówatchô, / sjŤ♀/  [ȭjŤ♀]  óawakeô). It triggers the palatalisation 
of /ts   tsΌ  s  n/  which are realised as their allophonic variants [tȭ  tȭΌ  ȭ  ]֡ . When 

preceded by labials /p   pΌ  m/  and alveolar plosives /t   tΌ/, the glide [j]  can be 

followed by / e  Ť♀/  in open syllables and by / e/  in closed syllables. When preceded 

by [tȭ  tȭΌ  ȭ  ]֡ , the glide [j]  can be followed by /ȯ  o  ậ  e  Ť♀  »/  in open syllables 

and by / a  o  e/  in closed syllables.  

More detailed phonological analysis is necessary in order to fully understand the 

behaviour of the three glides in JHC. Based on phonemic economy, co-occurrence 

restrictions and rhyming patterns in poetry, a more adequate analysis would probably 

be to consider the glides as part of the onset. For example, in rhymed folksong N°20 

of Luoôs (1936) collection, [mŤ♀] , [jŤ♀] , [tsΌŤ♀]  and [kwŤ♀]  are the rhymes of four 
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verses. Even though the [j]  in [jŤ♀]  is arguably the onset of the syllable, it is clear 

that the presence of glide [w]  does not change the rhyming pattern. Hence [w]  

cannot be analysed as part of the rhyme. As far as this example is concerned, it is 

more convenient to analyse the glide as part of the onset of the syllable and the 

rhyme is thus /Ť♀/ .  

[j   w  Υ]

 labial  alveolar  
velar 

occur  

as onset  plosives nasal  plosives nasal sibilants  

j yes yes  yes yes yes  no yes 

Ὗ no no  no yes yes  no yes 

w no no  no no no  yes no 

 

The phonological status of the glides is crucial in establishing the syllable structure of 

JHC. Indeed, a maximal Chinese syllable, regardless of the dialect, is often thought 

to contain four positions, or CGVX, where C is a consonant, G a glide, V a vowel, 

and X either a consonant or the second part of a long vowel or diphthong (Duanmu, 

2011). In JHC, the glidesô phonological status defines the maximal syllable: if the 

glide is affiliated to the onset, then the maximal syllable is CVῡ, where the C could be 

a consonant with double articulation (e.g., /mч/)13; if the glide is affiliated to the rime, 

then the maximal syllable is CGVᾐ. In any case, the onset is optional, the nucleus is 

obligatory, the coda is optional and can only be a glottal plosive /ῡ/ .  

 /nּׁש  mּׁש/ [vּׁש]

In this section I present the phonological behaviour of /nּׁש  mּׁש/  and [vּׁש]  consonants; the 

apical vowel /zּׁש/  is presented in section 3.5. The two syllabic nasals /nּׁש  mּׁש/  are 

presented in the first place, before dwelling on the more complicated case of the 

syllabic fricative [vּׁש] .  

Syllabic nasals are rather common in Chinese language. In SC, the syllabic nasals 

are used in interjections (Duanmu, 2007), but lexical syllabic nasals are attested 

widely in other Chinese languages (Duanmu, 2011) (see also section 6.4). In JHC, 

/mּׁש  nּׁש/  are lexically developed on several tones. All lexical items with syllabic /mּׁש  nּׁש/  

according to the JHC dictionary (Zhao, 2003) are presented in Table 3.4. Despite the 

limited lexicon, they are full lexical items and are extremely recurrent in daily speech.  

 

13 This analysis follows Duanmuôs Consonant-Glide combination (CG combination) proposal (Duanmu, 2007: 25), 
since he argues that there is only one time-slot in the onset which C and G must share. The other possible 
analysis would be that CG form a complex onset. In this case the maximal syllable would still be CGVX where C 
and G are both affiliated to the onset.  
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Articulatorily, the syllabic nasals /nּׁש  mּׁש/  are produced with maintaining the 

consonantal gesture during the whole duration of the syllable: the tongue does not 

move in a /nּׁש/  syllable after the alveolar construction; the lips do not open in a /mּׁש/  

syllable. Since they are pronounced without opening of the articulators, it is hard to 

claim that they contain a vowel (Duanmu, 2011). Therefore, they are the rhyme of the 

syllable and the tone-bearing unit.  

/mּׁש  nּׁש/

Phonetic Orthographic Gloss 

mּׁש  óno, noneô 

mּׁש  ófemale animalô  

mּׁש  ómotherô 

nּׁש ἳ ósonô 

nּׁש ᴔ óyouô 

nּׁש ү ótwoô 

nּׁש  óthis, hereô 

 

In addition to the syllabic nasals, the / u/  vowel in JHC has an allophonic [vּׁש]  variant, 

which occurs exclusively in syllables with a /f   v/  onset. Zhao (1989, 2003) noted 

that when onset / v/  is followed by / u/ , the syllable is realised as [vּׁש] ; the same 

phenomena is observed with a / f/  onset. Phonologically, [vּׁש]  is in complementary 

distribution with [u]  in the syllable nucleus position, and they are both the rhymes of 

the syllable. In rhymed folksong NÁ38 of Luo (1936)ôs collection, [vּׁש]  and [ku]  are 

the rhymes of two verses. This suggests that syllabic [vּׁש]  is the rhyme and the tone-

bearing unit of the syllable, just like [u] .  

Articulatorily14, in /fu   vu/  syllables, when the upper teeth and the lower lip achieve 

the fricative gesture for onsets, they do not move until the end of the syllable. It also 

seems that the tongue achieves the /u/  position during the onset and maintains this 

position throughout the entire duration of the syllable. A consequence of this is that 

the syllabic [vּׁש]  is highly velarised, and can thus be transcribed more appropriately as 

[vּׁשἋ]. Table 3.5 provides a list of items with [vּׁש]  in nucleus position. As we can see, 

this syllabic consonant can occur with all tones; but occurs only in open syllables and 

not in closed syllables (i.e., not on the checked tone).  

 

 

14 There is no articulatory study available on the syllabic [vּׁש]  in JHC. To the best of my knowledge there is no 

articulatory study on any syllabic [vּׁש]  in Chinese languages. The articulatory description given here is based on 

my impressions as a native speaker.  
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[vּׁש]

Phonetic Orthographic Gloss 

fvּׁש  óhusbandô 

fvּׁש  ófloatô  

fvּׁש  ótigerô 

fvּׁש  órichô  

fvּׁש  óhouseholdô 

vּׁש ѯ óblackô  

vּׁש  ónoneô  

vּׁש ҷ ófiveô  

vּׁש  ówarm upô 

vּׁש  ópaternal grand-motherô 

 

Syllabic [vּׁש]  is less common in Chinese languages compared to syllabic nasals, 

however it is attested in different groups of Chinese languages (see section 6.4 for 

more details). Descriptions show that, not only in JHC but in all consulted 

descriptions of Chinese languages, the syllabic [vּׁש]  is always allophonic to / u/ , it 

occurs when /u/  is preceded by [f   v]  (Zhu, 1995: 21; Hirata, 1998: 52, 69, 146). 

This particular distribution parallels that of the apical vowel in SC. As discussed 

earlier in section 2.2.2.1, the SC apical vowels occur after dental and retroflex 

sibilants while [i]  occurs elsewhere. There exists a co-occurrence restriction between 

the vowel [i]  and the apical vowels. Based on this phonological patterning, the apical 

vowels have been argued to be óvowelsô since they serve as the nucleus of the 

syllable and the tone-bearing unit, akin to the vowel [i] .  

The exact same behaviour can be found for the JHC syllabic [vּׁש]  and [u] 15. The 

syllabic [vּׁש]  occurs after labio-dental fricatives while [u]  occurs elsewhere. The 

syllabic [vּׁש]  has the same phonological function as [u] : it serves as the nucleus of a 

syllable and as the tone-bearing unit. Based on the phonological patterning and 

following the apical vowel example, one could possibly argue that the syllabic [vּׁש]  is a 

ólabial vowelô in complementary distribution with the vowel [u] . To the best of my 

knowledge, no researcher has ever argued in this direction for the syllabic [vּׁש]  in JHC 

or in any Chinese language that contains this segment.  

On the phonological level, the onset consonant /v/  is phonemic, it occurs as onset 

and is not conditioned by any specific phonotactic constraint (i.e., it has exactly the 

same context of occurrence as its non-voiced counterpart /f/ ). Its phonetic 

 

15 The phones [vּׁש  u]  with the same distribution as in JHC are found in Shanghai-Wu Chinese Э  (Zhu, 1995, 

2004), Shexian-Hui Chinese , Qimen-Hui Chinese , Wuyuan-Hui Chinese  (Hirata, 1998), and 

Meijiang-Hakka Chinese  (Yuan, 1983).  
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implementation (the tongue shape during the frication) is not velarised but may be 

influenced by the following nucleus due to coarticulatory effects. The nucleus [vּׁש] , 
however, occurs only after /f   v/  onsets. It is not a phoneme but an allophone of the 

phoneme /u/ . Its context of occurrence is highly constrained by the onset 

consonants and its phonetic implementation is systematically velarised.  

The syllabic [vּׁש]  may be accounted for by a feature spreading processes. That is, the 

labial feature of /u/  is delinked and the labial feature of the onset /f/  spreads to /u/ . 

This analysis is presented in Figure 3.2, only relevant nodes and features are shown 

in the feature geometry (Clements & Hume, 1995; Duanmu, 2007).  

This feature spreading analysis follows the basic assumption of the syllable structure 

of Chinese languages (Duanmu, 2011). In a syllable, the onset occupies one time-

slot and the rhyme two time-slots. Since the rhyme consisted the nucleus /u/  only, it 

occupies the two time-slots of the rhyme. The onset /f/  is linked to the C-place node 

which dominates the place feature [Lab], which corresponds to the labiodental 

constriction. The rhyme /u/  has two place features under the V-place node: [Lab] 

and [Dor], which correspond to the lip rounding and the retracted and raised tongue 

dorsum. In a /fu/  syllable, the feature [Lab] of the onset /f/  may spread from the C-

place node of the onset to the C-place node of the following rhyme /u/ , thereby 

delinking the rhymeôs [Lab] under the V-place node due to incompatibility. This 

results in a syllabic rhyme that shares the [Lab] specification of the onset /f/  but 

keeps its [Dor] specification. The phonetic output of the rhyme is thus a velarised 

syllabic fricative [vּׁש] .  

/fu/
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JHC has nine monophthong oral vowels /i   y  ậ  u  e  o  ἇ  ȯ  a/ , all of which occur in 

open syllables, and /a   ȯ  o  ἇ/  may also occur in closed syllables.  

 

The examples below are chosen according to the following criteria: Onset /p/  onset 

and tone / /  are used whenever possible; onset / f/  or a syllable without onset is 

used when onset / p/  is not possible; the tone //  is used if the tone / /  does not 

produce the desired lexical item; the /je/  syllable is an exception due to the limited 

distribution of /e/ .  

 Phonetic Orthographic Gloss 

i fi ּה óbanditô 

y y   órainô 

ậ ậ  - óloiterô 

u pu   ócompleteô 

e je   óhaveô 

o po   óhandleô 

ἇ pἇ   ófullô 

ȯ pȯ   óboardô 

a pa  ócupô 

 

The vowel /i/  occurs after /f   v  t   tΌ  n  ts  tsΌ  s  k  kΌ   ֤ x/  onsets and /w/ glide 

(e.g., [fi]  óbanditô, [tsi]  ówalkô, [i֤]  ólotus rootô, [kwi]  óghostô). It occurs only in 
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open syllables. When it is preceded by /n/ , the onset consonant is realised as the 

allophonic variant /l/ ; so the syllable /ni/  is produced as [li] . The vowel /i/  in JHC is 

slightly diphthongised, the tongue apex starts at a slightly lower position than for a 

typical /i/  and raises at the beginning of the vowel to reach the /i/  position, it can 

thus be transcribed as [Щi]  or [Ϭּהi] . This diphthongisation exists on every / i/  vowel but 

is more noticeable when /i/  is preceded by alveolar stops, affricates and lateral 

consonants (i.e., /t   tΌ  ts   tsΌ/ and [l]) (Zhao, 2003). It is worth noting that in Zhaoôs 
(2003) description, the vowel /i/  occurs also after /p   m/  onsets. He proposed the 

following entries in the JHC dictionary:  [pi]  ósteleô,  [mi]  óbeautifulô. These two 

syllables do not exist in the ócity accentô according to consulted JHC speakers. In the 

acoustic study presented in Chapter 4, the recorded speakers produced the Chinese 

characters  as [pa]  and  as [mʯ ]  respectively. This observation is also 

mentioned in section 3.5.2.  

/y/  has a limited distribution, it occurs only after /ts   tsΌ  s  n/  consonants, and these 

onsets are realised as alveolo-palatals [tȭ  tȭΌ  ȭ  ]֡  (e.g., / tsy /  [tȭy ]  ómouthô). It 
occurs only in open syllables and can occur in a syllable without onset (e.g., [y ]  
órainô). Despite its limited distribution, it is a distinct phoneme. It is contrastive to other 

vowels in syllables without onsets (e.g., [y ]  órainô vs. [ậ ]  óloiterô vs. [ȯ ]  óIô vs. [zּׁש]  
óalreadyô).  

/ậ/  is a rounded central high vowel, which occurs after /p   pΌ  m  t   tΌ  n  ts  tsΌ  s  k 
kΌ   ֤ x/  onsets and in syllables without onset (e.g., [pậ]  ówaveô, [tsậ ]  óleftô, [xậ ]  
ófireô); it occurs only in open syllables (e.g., [ậ ]  óloiterô). /ậ/  is transcribed as /ᴐ/  in 

earlier descriptions (Luo, 1936; Zhao, 1989, 2003), but the tongue body position and 

the F1 value of this vowel all indicate that /ậ/  is a more appropriate transcription. Its 

F1/F2 pattern is presented in section 4.2.3.  

/u/  is a round back vowel, occurring after /p   pΌ  f   v  t   tΌ  n  ts  tsΌ  s  k  kΌ/ onsets 

and only in open syllables (e.g., [pu ]  órepairô, [tsu ]  ógroupô, [ku ]  óvalleyô). The 
syllable /nu/  is realised as [lu] . As discussed in section 3.2.5, when /u/  occurs after 

/ f   v/  onsets, it is realised as its allophone, a velarised [vּׁש] .  

/o   ἇ  ȯ/  vowels occur in both open and closed syllables. They all occur after 

/ p  pΌ  m  t   tΌ  n  ts  tsΌ  s  k  kΌ   ֤ x/  onsets in open syllables (e.g., [po ]  óhandleô, 
[pἇ ]  ófullô, [pȯ ]  óboardô). Additionally, /ȯ/  occurs after / f   v/  in open syllables, 

while / o/  can be found in onsetless syllables (e.g., [fȯ ]  óturn overô, [ȯ ]  óI, meô). In 

closed syllables, they all occur after /p   pΌ  m  t   tΌ  n  ts  tsΌ  s  k  kΌ   ֤ x/  onsets 

and are followed by /ῡ/  (e.g., [poῡ]  óto shellô [pἇῡ]  ónoô, [pȯῡ]  óeightô). Additionally, 
in closed syllables, /ἇ  ȯ/  occur after /f   v/  onsets and /ȯ/  occurs in closed syllables 

without onset. As already stated, the syllables /no/ , /nἇ/  and /nȯ/  are realised as 

[lo] , [lἇ]  and [lȯ] .  
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/e/  is a front close-mid vowel, which has a limited distribution. It occurs in both open 

and closed syllables but only after glides [j   Υ]  (e.g., [je ]  óhaveô vs. [ja ]  óalsoô vs. 
[jo ]  óelegantô vs. [jȯ ]  ówildô vs. [jậ ]  ófriendô). In earlier descriptions, / e/  was not 

analysed as a monophthong vowel. Instead, it was analysed as part of diphthong 

vowels /ie   ye/  (Zhao, 1989, 2003) since the glides [j   Υ]  were analysed as vowels. 

The present analysis takes a different stance and does not treat /ie ye/ as diphthongs. 

See also section 3.2.4.  

The /a/  vowel occurs after /p   pΌ  m  f   v  t   tΌ  n  ts  tsΌ  s  k  kΌ   ֤ x  j  Υ/  in open 

syllables and after /j   y/  in closed syllables.  

 

JHC has four nasal vowels /Ť♀  »  ʯ  Ϲ/ . All nasal vowels occur only in open syllables; 

they cannot be followed by the coda /ῡ/ .  

 Phonetic Orthographic Gloss 

ὄӉ pŤ♀  órootô 

» p»   ótieô 

Ԑ pʯ   óflatô 

ǫ tȭϹ  óinspectô 

 

The vowel /Ť♀/  has a tongue position similar to that of the back vowel /Ť/, the lip is 

not rounded. It can occur after /p   pΌ  m  f   v  t   tΌ  n  ts  tsΌ  s  k  kΌ   ֤ x/  onsets, and 

it can also occur after [j   w]  glides (e.g., [pŤ♀]  órootô, [Ť֤♀]  ócoverô, [jŤ♀]  óshadowô).  

The vowel /»/  has the tongue position and the lip protrusion of / o/ . It occurs after 

/p   pΌ  m  t   tΌ  n  ts  tsΌ  s  k  kΌ  x/  onsets and in syllables without onset. It can also 

occur after [j]  glide (e.g., [p» ]  ótieô, [» ]  óshakeô).  

The vowel /ʯ/  is more open than the oral vowel / e/ , it could be transcribed as [ˌ♀] . It 
occurs after /p   pΌ  m  f   v  t   tΌ  n  ts  tsΌ  s  k  kΌ   ֤ x/  onsets and in syllables 

without onsets. It can also be found after the / w/  glide (e.g., [pʯ ]  óflatô, [ʯ֤ ]  óantô, 
[e ]  óearô).  

The vowel /Ϲ/  is produced with the tongue position of / i/ . It occurs after / ts   tsΌ  s  n/  

onsets, which are realised as [tȭ  tȭΌ  ȭ  ]֡  (e.g., / tsϹ/  [tȭϹ]  ócheckô). It occurs also 
after [Υ]  glide and in syllables without onset. Although /Ϲ/  has a limited distribution, it 

is a distinct phoneme contrastive to other vowels, especially to /ʯ/  (e.g., [Ϲ]  
óperformô vs. [ʯ ]  óearô vs. [» ]  óswingô). Luo (1936) and Zhao (1989, 2003) state that 
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JHC has nasal diphthong and triphthong vowels /ʯi iʯi/ , but they are not attested in 

this study. The words proposed to have /ʯi/  rhyme are produced with /ʯ/  rhyme 

(e.g., [pʯi]  is produced as [pʯ ] ), while the words proposed to have / iʯi/  rhyme 

are produced with /Ϲ/  rhyme (e.g., [iʯi]  is produced as [Ϲ] ).  

 

JHC has six lexical tones, traditionally noted in tone letters (Chao, 1930) as follows: 

tone 1 as 31, tone 2 as 44, tone 3 as 213, tone 4 as 35, tone 5 as 22, tone 6 as 32 

(Zhao, 2003). The previous impressionistic description does correspond to the pitch 

contour described by Li (2007) who observed speaker specific pitch variation in JHC 

tones and described the tones as follows: tone 1 as high-falling, tone 2 as high-level, 

tone 3 as low-dipping, tone 4 as mid-rising, tone 5 as low-falling, tone 6 as mid-falling 

and short. Liôs (2007) description is adopted here.  

 Phonetic Orthographic Gloss 

Tone 1 ȯ֤  ósafeô 

Tone 2 ȯ֤  ócliffô 

Tone 3 ȯ֤   óshortô 

Tone 4 ȯ֤  ólateô 

Tone 5 ȯ֤  óshoreô 

Tone 6 ȯ֤ῡ  óduckô 

 

Tone 1 is high-falling; the pitch contour falls from the high range to the low end of the 

speakerôs pitch range. In traditional tone letters, the tone 1 is described to be a mid-

falling tone (i.e., 31), but Li (2007) shows that the starting point of tone 1 is higher 

than the average pitch of tone 2, which is a high-level tone. It is thus necessary to 

describe tone 1 as high-falling rather than mid-falling.  

Tone 2 is high-level. The pitch contour is flat and maintained at a mid-high range. 

This tone can be produced with breathy voice.  

Tone 3 is a low-dipping tone in citation form. The turning point is often marked by 

glottalisation. The falling and the rising part of tone 3 have a similar pitch range (Li, 

2007).  

Tone 4 is mid-rising; the pitch contour raises from the middle and ends at a very high 

range compared to other tones. The end of the tone could be realised with falsetto 

voice.  

Tone 5 is low-falling; it starts at a low range and ends at an even lower range. The 

end of this tone could be realised with glottalisation.  



 55 

Tone 6 is the óchecked toneô as it ends with a glottal plosive. The glottal plosive /ῡ/ , 

which ends the voicing rapidly, makes the duration of this tone considerably shorter 

than the other tones. This glottal plosive is the only coda permitted in JHC 

phonotactics and it can only be preceded by / a  e  o  ἇ  ȯ/  nuclei. Zhao (2003) 

notices that the /ῡ/  sound is more audible when tone 6 is on the first syllable of a 

dissyllabic word.  

 [z]

JHC has four syllabic consonants: /nּׁש  mּׁש  zּׁש/  and [vּׁש] . In this section I present the 

óapical vowelô /zּׁש/ . Compared to other syllabic consonants, the apical vowel /zּׁש/  is not 

only a distinct phoneme but is lexically more productive. Syllables containing the 

apical vowel account for 7.2% of the monosyllabic entries of the JHC dictionary 

(Zhao, 2003) 

 

The apical vowel in JHC can be preceded by / p  pΌ  m  n  s  ts  tsΌ/ onsets. /zּׁש/  can 

also stand for a syllable on its own, without a phonological onset. Examples are 

shown in Table 3.9.  

/zּׁש/

Phonetic Orthographic Gloss 

pzּׁש  ócompareô 

pΌzּׁש  óquiltô 

mzּׁש  óriceô 

nzּׁש  óinô 

tszּׁש  ópurpleô 

tsΌzּׁש  óhereô 

szּׁש  ódieô 

zּׁש  óchairô 

 

The JHC apical vowel occurs also on different tones (e.g., [pΌzּׁש]  ócriticiseô, [pΌzּׁש]  
óskinô, [pΌzּׁש]  óquiltô, [pΌzּׁש]  ónoseô, [pΌzּׁש]  óprepareô). In a /pΌzּׁש/  syllable for example, 

the only voiced segment is /zּׁש/ . Therefore, it is natural to assume that /zּׁש/  is the 

rhyme of the syllable and the tone-bearing unit.  

/zּׁש/  does not occur in closed syllables. Hence, it cannot be followed by the coda /ῡ/ . 

This limited distribution is however not specific to the apical vowel. Among all 
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possible syllable nuclei in JHC (/i   y  ậ  u  e  o  ἇ  ȯ  a  Ť♀  »  Ϲ  ʯ  nּׁש  mּׁש/  [vּׁש] ), only 

/ e  o  ἇ  ȯ  a/  can be followed by the /ῡ/  coda. Recall that the other syllabic fricative 

[vּׁש]  presented in section 3.2.5 has the same tonal distribution as the apical vowel /zּׁש/ .  

 

The JHC apical vowel /zּׁש/  is a distinct phoneme. It is contrastive to vowels in all 

possible distributions and in particular, it is contrastive to vowel /i/ . A few minimal 

pairs and triplets are given in Table 3.10 and Table 3.11.  

/ i/ /zּׁש/

Phonetic Ort. Gloss  Phonetic Ort. Gloss 

szּׁש  ódieô vs. si  ówashô 

tszּׁש  ópurpleô vs. tsi  ówalkô 

tsΌzּׁש  óhereô vs. tsΌi д óuglyô 

pzּׁש  ófemale genitalsô vs. pi  óstelaô 

mzּׁש  óriceô vs. mi  óbeautifulô 

/zּׁש  a  ậ/

Pho. Ort. Gloss  Pho. Ort. Gloss  Pho. Ort. Gloss 

pzּׁש  ócloseô vs. pa  óbackô vs. pậ  ówinnowô 

pΌzּׁש  ófartô vs. pΌa  ómatchô vs. pΌậ  óbrokenô 

mzּׁש  óriceô vs. ma   óeveryô vs. mậ   ósomeoneô 

nzּׁש  ódirtô vs. na  ócomeô vs. nậ  ósiftô 

 

The pairs / pzּׁש/  versus / pi/ , / mzּׁש/  versus / mi/  were reported by Zhao (1989, 2003). 

Whilst [pzּׁש]  and [mzּׁש]  are accepted without hesitation, the speakers recorded in 

this study did not pronounce [pi  mi]  but [pa  mʯ ] , respectively. These syllables 

are said to not exist in the ócity (i.e., Huayang county) accentô. It seems that the /i/  

vowel cannot take labial consonants in the city variant of JHC. But this variation does 

not affect the fact that the vowel / i/  and the apical vowel /zּׁש/  contrast after coronal 

sibilants.  
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The apical vowel in JHC behaves like any other vowel, it is the nucleus of the syllable 

thus the rhyme of the syllable. The following passages of rhymed folk songs are 

retranscribed based on Luo (1936) using symbols proposed in this study. The tones 

are omitted. The (8)-a folk song has two sections. The paragraph presented here 

contains the first six verses of the second section. It has three syllables per verse. 

The syllables with apical vowel nucleus have the status of a stressed syllable, 

identical to [pΌȯ] , [tȭjo]  and [ j֡eῡ]  syllables which have normal vowel nuclei.  

The (8)-b folk song has two sections. The paragraph presented here is the first three 

verses of the first section. In this example, the rhyme is /zּׁש/. Luoôs (1936) collection 
of 38 folk songs has no examples of apical vowel nucleus rhyming with any other 

nucleus. 

(8) a.  tsΌzּׁש tȭjoῡ ֤ i    ó(She is) riding a cowô 

   pΌzּׁש  tȭjoῡ tsΌi   ócovered by a piece of silkô 

   pΌȯῡ tszּׁש ȭΥϹ   ówith a white paper fanô 

   tȭjo  j֡eῡ tΌi   ó(that) shields the sunlightô 

 

  b. tȭjŤ♀ sậ  szּׁש    óGolden key(s)ô 

   j֡Ť♀ sậ  szּׁש    ósilver key(s)ô 

   ko  xŤ♀  kuȯ ko  tsậ  ȭje  zּׁש ómarry to an official to be his concubineô 

The above examples confirm that apical vowel /zּׁש/  in JHC is the nucleus of a syllable, 

and a tone-bearing unit (TBU). As a TBU it undergoes tone sandhi processes, as 

shown in Table 3.12.  

/ szּׁש/  ówesternô + / ts»/  óclothesô  [szּׁש ts»]   ósuitô 

/tsΌzּׁש/  ógasô + / tȭΌȯ/  óvehicleô  [tsΌzּׁש tȭΌȯ]   ócarô 

/pΌzּׁש/  óprepareô + /tΌa/  ótyreô  [pΌzּׁש tΌa]   óspare tyreô 

 

In a nutshell, the phonological behaviour and function of the apical vowel in JHC is 

equivalent to any other vowel in the vocalic inventory of the language.  
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The aim of this chapter is to understand the basic acoustic characteristics of the 

apical vowel in JHC: its duration compared to other syllable nuclei, its formant 

frequencies compared to other vowels and to other apical vowel variants, and most 

importantly the nature of the turbulence noise it displays compared to sibilant 

consonants.  

 

 

Speakers of JHC were recruited according to strict criteria to limit possible dialectal 

variations: they must be born and raised in the town of Huayang, with both parents 

also born in the same town; they must live in the town of Huayang and speak JHC in 

a daily basis both in their professional and non-professional contexts; their age 

should be around 50.  

Nowadays it is highly challenging to find anyone who lives in a city in mainland China 

and does not speak (more or less fluently) SC. Since JHC speakers all understand 

and speak SC, only those who speak JHC in both professional and non-professional 

contexts were selected to limit any potential influence. Five female speakers (labelled 

FS1 to FS5) and five male speakers (MS1 to MS5) corresponding to these criteria 

were chosen to participate in the recording sessions. The mean age of the speakers 

was 49 (±3.8). None of them reported to have speech-related anomalies. They all 

know each other and consider themselves native speakers of JHC with no accent.  

 

Acoustic data were recorded with a hypercardioid headset microphone (AKG C520), 

an external sound card (Edirol UA25), and Audacity (v 2.1.0) on a portable computer. 

I had access to the sound attenuated studio of the local television channel for the 

recording sessions. The speakers were sat in a chair and told to read a word list 

embodied in a frame sentence at a normal speech rate. The word list for acoustic 
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data acquisition (see A.1) contained monosyllables with [p   pΌ  m  n  s  ts  tsΌ] onsets 

and [z   i  u  a  ậ]  nuclei16. With different tones, they form real words, presented to 

speakers in Chinese characters. The speakers were told to read the words in a frame 

sentence [kiȭȯ  __ ȭȯ sȯfa]  óHe/She writes __ three timesô. The whole list was 

repeated five times for each speaker, yielding 2150 target items ([z] : 550, [i] : 400, 

[u] : 450, [a] : 350, [ậ] : 400). The recorded data were segmented and annotated 

using Praat (Boersma & Weenink 2018).  

[tsz ]

 

Determining the exact boundary between a sibilant onset and the following apical 

vowel was not straightforward, as there was no clearly observable frontier in-between. 

The data were labelled by taking the first pulse detected by Praat as the beginning of 

the voiced apical vowel. This is illustrated in Figure 4.1. The other segments were 

annotated following the criteria presented in Table 4.1. 

  

 

16 In this chapter, I present the phonetic realisations of the concerned segments and syllables, and some of them 

are not phonemic (e.g., the onsets [n]  and [l]  are allophones, see section 3.2.3). Hence all transcriptions are 

enclosed in square brackets, and the syllabic diacritic ó└ô for apical vowel [z]  is omitted for simplicity 
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 Start point End point 

[p   t]  
End of F2 of the preceding vowel on 

spectrogram 

End of burst on acoustic 

signal and spectrogram 

[m  n  l]  
End of F2 of the preceding vowel, starting of 

nasal zero on spectrogram 

End of release on 

acoustic signal and 

spectrogram 

[ts   tsΌ] 
End of F2 of the preceding vowel on 

spectrogram Onset of periodic 

voicing 
[s]  

End of F2 of the preceding vowel on 

spectrogram, start of non-periodic signal 

[z]  
End of the preceding onset consonant or 

first detected pulse 
Offset of periodic 

voicing 
[i   ậ  u  a]  End of the preceding onset consonant 

 

 

The following acoustic parameters were examined: 

(i) Presence or absence of frication noise (based on visual examination of 

acoustic signals and spectrograms) 

(ii) Duration of all syllables and syllable nuclei 

(iii)  The formant frequencies of [a  i  u  ậ]  and [z]  (F1, F2 and F3) 

(iv) The harmonic-to-noise ratio (HNR) of [i]  and [z]  

(v) The zero-crossing rate (ZCR) of [a  i  u  ậ]  and [z]  

(vi) The centre of gravity of (COG) of [s]  and the aspiration phase of [pΌ]  

The presence or absence of frication noise was based on visual examination. I 

categorised the speakersô productions of [z] into three classes: [z] having frication 

noise on more than half of its duration, [z] having frication noise on less than half of 

its duration, and [z] having quasi-no visible frication noise. The first two classes are 

reported in section 4.2.1.1, and section 4.2.1.2 reposts thoses having quasi-no 

frication noise.  

To obtain the formant frequency values, a script trisected all nuclei segments and 

calculated mean formant values of the middle portion of the target segments. The 

maximum frequency of formant calculation was set to 5500 Hz for female speakers 

and 5000 Hz for male speakers. Harmonic-to-noise ratio, zero-crossing rate, and 

centre of gravity were used to examine the frication noise on the apical vowel [z] . 

These parameters are widely used when it comes to turbulent sounds (see Fuchs, 

Toda & ŧygis, 2010 for a review).  
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HNR is defined as the ratio of the harmonic components to the noise. This was 

obtained for [z]  and [i] 17 using Praat HNR algorithm (Boersma & Weenink 2018). 

Basically, the greater the noise component of the signal, the lower the ratio is. This 

measurement is often used when both frication and voicing need to be considered. 

HNR was calculated with a 40 ms window that slided every 10 ms on the entire 

duration of each recording. If t0 was the start point of each recording, then the first 

window covered the inverval from t0 to t0+40 ms. The second window covered the 

interval from t0+10 ms to t0+50 ms, and so forth. The mean HNR was obtained for 

each window. These mean HNR values for each window were then saved as a 

binary file corresponding to each recording, yielding a set of ó.soundô files that 

contains the changing mean HNR values of each recording (see Figure 4.2). Data 

points were then obtained on the HNR results at 52 time points for each target 

segment, including vocalic onsets, offsets and 50 points in-between.  

[sz]

 

The ZCR, defined as the number of times in a given time-interval the speech signal 

passed through the value of zero, was measured for all syllable nuclei. Given the 

strong correlation between ZCR and energy distribution with frequency, high 

frequencies imply high ZCRs, and low frequencies imply low ZCRs (Rabiner & 

Schafer, 1978: 128). The signal of a vowel is periodic and the number of zero-

crossings in a given time-interval is consequently low. When the signal is aperiodic, 

as for a fricative, a large quantity of zero-crossings in a given time-interval is 

 

17 I chose to compare [z]  to [i]  in order to juxtapose my results with the results obtained by Faytak (2015) on SC. 
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observed due to the high frequency energy. This measurement is considered to be a 

simple and reliable measurement of the intensity of frication noise (Shosted, 2006). It 

has been applied to fricative sounds (Ito & Donaldson, 1971), nasalised fricative 

sounds (Bombien, 2006), or aspirated vowels (Gordeeva & Scobbie, 2010). In this 

study ZCR per second was calculated with Praat using the same method as for the 

HNR (see Figure 4.2). Data points were obtained on the ZCR results at 52 time 

points, including nuclei onsets, offsets and 50 points in-between. These data points 

represent the general tendency of ZCR during the target segments.  

An interesting point was observed during the segmentation of the acoustic data: The 

aspiration phase of [pΌ] in [pΌz] displays very different characteristics compared to 

the aspiration phase of the same segment when preceding other nuclei segments. 

The aspiration phase of [pΌ] in [pΌz] presents energy concentration at higher 

frequencies, much similar to a fricative [s] . In order to dig more into this I compared 

the general energy distribution of the aspiration phase of [pΌ] to frication noise of [s] , 

using the COG measurement. The COG reflects on average how high the 

frequencies are in a spectrum. This method has been used in studying the SC 

fricatives and affricates, for example (Svantesson, 1986 among other studies).  

Basic descriptive statistics were applied to durational values, formant values and 

COG values, including ANOVA, TukeyHSD, Student-Newman-Keuls, Welchôs t-test, 

etc. For HNR and ZCR parameters, the values obtained, as already stated, were 

obtained from 52 points on each target segment. For each segment, these 52 points 

were evenly spread from onset to offset. When presenting the 52 data points on the 

x-axis and the values corresponding to the data points on the y-axis, these values 

form a variable during a normalised time range. The y-axis values (i.e., HNR and 

ZCR) were then smoothed into a moving average with LOESS (locally estimated 

scatterplot smoothing) method in R with the package Tydiverse (Wickham et al., 

2019). It is important to note that the HNR data were particularly difficult to interpret 

for the JHC apical vowel, since this segment contained abundant frication noise, and 

HNR values were thus not always correctly detected by Praat. In processing the HNR 

values, the data were filtered (see section 4.2.4 for more details). The ZCR values 

were considered to be more reliable and thus not filtered.  

 

 [z]

 [z]

Abundant frication noise is observed for all speakers, and in all contexts, counting for 

87% of the total data. Some illustrative examples are shown in Figure 4.3, with apical 

vowels displaying frication noise following [p] , [m] , and [n] . These illustrative 
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examples are chosen on purpose to make clear that turbulence can be observed on 

[z]  segments even following non-sibilants.  

[pz ] [nz] [mz ]

 

Frication noise is present at high frequency regions, and is systematically 

superposed on voicing. This turbulence is not steady. Instead it dynamically evolves 

during the time course of [z] . Intense frication is observed at the beginning of the 

segment and at the first half of its duration ([pz ]  in Figure 4.3), and can sometimes 

extend to the second half of the apical vowel ([mz ]  and [nz] ). Frication noise 

however never extends until the end of the apical vowels. When it diminishes, 

periodic waveforms become clearer, and a clear formant structure is visible on the 

spectrograms.  

 

13% of [z]  productions were produced with much less or quasi-no frication noise. 

Figure 4.4 presents illustrative examples in which formant structure is clear from the 

beginning of the apical vowel. These realisations correspond to what has been 

observed in SC apical vowel [z]  (Faytak & Lin, 2015; Lee-Kim, 2014). They show a 

nearly clear separation between the onset consonants and the following [z] , with 

much less frication noise compared to those presented in Figure 4.3.  

These less fricated variants and the fricated ones can co-occur in one speakerôs 

productions. For example, MS2, shown both in Figure 4.2 and Figure 4.3, can 

produce both variants in the same context. The individual differences concerning the 

amount of frication noise produced are discussed in more detail in section 4.2.5.3. 
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[pz] [mz ]
[nz]

 

In this section, the durations of all recorded syllables and syllable nuclei are reported. 

I first show whether syllables vary in duration according to tonal contexts, as different 

tones may imply different durations (Howie, 1976; Ho, 1976), and then show how 

duration of [z]  and other nuclei segments varies depending on the preceding 

consonant. One of the aims of this section is to justify the time-normalising method 

used in sections 4.2.4 and 4.2.5.  

 

The duration of syllables according to the tones they carry is presented in Table 4.2. 

Results show that the durations of these syllables vary depending on tone: tone 3 

(low-dipping) has the longest duration and tone 1 (high-falling) the shortest. Mean 

values, minimal and maximum values, one-way ANOVA and StudentïNewmanï

Keuls (SNK) post-hoc tests results are reported in Table 4.2.  

The mean durations of the 4 tones displayed in Table 4.2 show that the difference 

between the longest tone (3, low-dipping) and the shortest tone (1, high-falling) is 

limited to 32 ms. Much important differences occur within one tonal group. The 

durational differences caused by tone will not be taken into account in the 

comparison of the general tendency of HNR and ZCR evolution during syllable nuclei.  
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Tone Mean (ms) Min and max (ms) ANOVA and SNK 

1 []  378 239ï595 

F(3, 2036)=16.42, p<0.001 

Tone 3 > Tone 2 = Tone 4 > Tone 1 

2 []  397 262ï635 

3 [ ]  410 237ï791 

4 []  396 287ï603 

 

[]
[] [ ] []

 [i u a ậ] [z]

Before presenting the results on duration of syllable nuclei it is important to recall that 

the onset /n/  has two allophones [l]  and [n] . The syllables /n a  ni  nậ  nu/  surface 

as [l a  li   lậ  lu] , and /nz/  is realised [nz] . Durations of the vowels [a  i  ậ  u]  after 

/n/  are not included in the results.  

Table 4.3 presents the duration data for the 5 syllable nuclei [i   u  ậ  z]  in six different 

consonantal contexts. As can be seen, syllable nuclei in JHC are particularly long, 

displaying mean durations varying from 176 ms to 252 ms. Setting the apical vowel 

[z]  aside, there are two notable remarks concerning the durations of [a]  and [i] : [a]  
has a significantly longer duration after [m]  compared to other consonantal contexts, 

and [i]  has a significantly shorter duration after [tsΌ] compared to [s  ts] . I fail to find 

a plausible explanation to these two differences, as it seems that all nuclei tend to be 
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longer after [m] and shorter after [tsΌ]. This general tendency can be more clearly 

observed in Figure 4.6.  

The most interesting result concerns the apical vowel [z]  which displays significantly 

different durations according to onset consonants: a longer duration after [n   m  p] , 
and a shorter duration after [pΌ  s  ts  tsΌ]. This consistent pattern, shown in Figure 

4.7 and confirmed by the SNK post-hoc test presented in Table 4.3, is puzzling as 

none of the two groups of segments forms a natural class.  

[a  i  ậ  u  z] [m  p  pΌ  s  ts  tsΌ]

 m p pᾪ s ts tsᾪ ANOVA SNK 

a 252 220 226 224 242 221 F(5, 266)=3.48, p<0.001 mÓts=pΌ=s=tsΌ=p 

i ï ï ï 227 225 199 F(2, 190)=5.9, p<0.01 s=ts>tsΌ 

ᾅ 252 238 236 238 241 ï F(4, 334)=0.908, p=0.5 m=p=pΌ=s=ts 

u ï 233 215 220 226 216 F(4, 272)=0.928, p=0.45 p=pΌ=s=ts=tsΌ 

z 241 234 191 192 180 176 F(5, 415)=17.73, p<0.001 m=p>s=pΌ=ts=tsΌ 

[a  i  ậ  u  z] [m  p  pΌ  s  ts  tsΌ]

 

The shorter duration of [z]  when it is preceded by [s  ts  tsΌ] is most probably due to 

gestural overlapping between the sibilant onsets and the apical vowel, making the 

exact boundary between these segments hard to identify. An example of the 

transition portion between [s]  and [z]  in a [sz]  syllable is given in Figure 4.8. The 
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acoustic signal and the spectrogram are visibly in a continuity before and after the 

first detected pulse. There is some visible voicing before the first pulse, but not clear 

enough to be detected as periodic. In this case, as I have already reported, decision 

was made to take the first pulse as the indicator of voicing, and thus the start point of 

the rhyme. Given that [z]  is homorganic to the coronal sibilant onsets, it could be the 

case that part of the frication noise at the offset of the sibilant onsets is actually the 

onset of the frication noise of the [z]  nucleus (suggesting that [z]  is probably longer 

than what the segmentation criteria used may suggest). The sibilant onset [s]  

demands high intraoral air pressure to generate frication noise; while rhyme [z]  

demands low intraoral air pressure for voicing to occur. One possibility is that at the 

offset of [s] , the intraoral air pressure is still too high for voicing to be properly 

generated, making it impossible to detect the pulses during this period. 

[z]

[s] [z]
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The same argument could be used to account for the shorter duration of [z]  in [pΌz] 

compared to [pz mz nz].  The argument here is that the gesture for [z]  is already 

achieved during the release phase of [pΌ], so that the glottal sourced aspiration is 

masked by the oral sourced frication noise. The result is that the release phase of 

[pΌ] is more like a [s]  sound acoustically. The onset [pΌ] in this particular context 

could be transcribed as [pḫ]. This aspect will be touched upon in section 4.2.6 and 

examined in more detail in section 5.2.6 from an articulatory perspective. 

As stated above, a time-normalising method is used in sections 4.2.4 and 4.2.5 to 

account for the variability that characterizes the durations of syllable nuclei. This is 

achieved by selecting 50 points during each segment, the interval between each two 

points is determined based on the duration of the segment (interval = the duration of 

the segment / 51). The end points of the nuclei are easy to define. The start points 

chosen, though they are not perfectly delimited for [z] , do not result in increasing the 

presence of frication noise on this segment (the ómissingô portion in the segmentation 

is most probably the most fricative portion of [z] ). The 50 points can thus reliably 

reflect the general pattern of these segments regardless of their absolute duration.  

 [i u a ậ] [z]

The mean formant values are calculated at the middle portion of the apical vowel [z] . 

This is the portion where the frication noise starts diminishing and a clear formant 

structure becomes visible. The values obtained are compared to the formant values 

of the other nuclei segments [i   ậ  u  a] . The results are also compared to what has 

been reported for apical vowels in other Chinese languages, as well as to formant 

values of fricative /z/  in none Chinese languages. 

 [ậ] [z]

Figure 4.9 presents the formant values of [i   u  a  ậ  z]  for male and female speakers. 

It shows that the frequencies of [z]  overlap those of [ậ]  and [u] , especially for male 

speakers who have comparatively smaller vocalic space. The same observation can 

be made from Figure 4.10.  

Several statistical tests were conducted on the formant values of [z   u  ậ]  segments. 

One-way ANOVA tests were conducted on F1, F2, F3 values respectively, then 

Student-Newman-Keuls and TukeyHSD post-hoc tests are used to bring out the inner 

pattern of the three segments. The results are reported in Table 4.4. They show that 

[u]  and [z]  present significantly similar F1 values for all speakers, and that both [u]  

and [z]  have higher F1 values than [ậ] . They also confirm that for male speakers, 

the F2 values of [ậ]  and [z]  are not significantly different. The similarity in formant 
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structure between [z]  and [ậ]  is interesting in that it may result in perceptual 

similarity between the two categories. I will come back to this issue in section 6.2. 

[i   u  a  ậ  z]

 

[i   u  a  ậ  z]
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[z   u  ậ]  

 [z] [z]

The formant structure of different variants of apical vowels in Chinese languages has 

been examined in different acoustic studies (see also 2.2.2). The data of the present 

study are compared to data obtained from some of these studies, to verify whether 

apical vowels in these languages share the same formant structure. I also report 

results concerning the formant frequency of English and Polish /z/ . 

As shown in Table 4.5, the formant structures of all [z]ôs are virtually identical across 
variants, although slight differences can still be observed. However, these differences 

do not exceed the acoustic space of the apical vowel shown in Figure 4.9 and Figure 

4.10. The formant structure of all the variants can thus still be seen as consistent. 

There is also a similarity between the apical vowel [z]  and the consonant [z]  

measured in English and Polish. Based on this qualitative similarity ï at least as far 

as formant structure is concerned ï it can be argued that there is a phonetic basis for 

identifying apical vowels in Chinese languages as one segment using the same 

symbol.  

 

 one-way ANOVA SNK 
TukeyHSD 

Pair p 

FS 

F1 
F(2,630)=89.12, 
p<0.001 

[u]366 = [z]358 >[ᾅ]311 
z-ᾅ <0.001 
z-u =0.14 
u-ᾅ <0.001 

F2 
F(2,630)=625.2, 
p<0.001 

[z]1643 > [ᾅ]1336 > [u]932 
z-ᾅ <0.001 
z-u <0.001 
u-ᾅ <0.001 

F3 
F(2,630)=172, 
p<0.001 

[z]3217 > [ᾅ]2904 = [u]2901 
z-ᾅ <0.001 
z-u <0.001 
u-ᾅ =0.99 

MS 

F1 
F(2,616)=239.4, 
p<0.001 

[z]319 = [u]313 > [ᾅ]256 
z-ᾅ <0.001 
z-u =0.19 
u-ᾅ <0.001 

F2 
F(2,616)=244.5, 
p<0.001 

[ᾅ]1108 = [z]1094 > [u]748 
z-ᾅ =0.69 
z-u <0.001 
u-ᾅ <0.001 

F3 
F(2,616)=128.7, 
p<0.001 

[z]2608 > [u]2408 > [ᾅ]2309 
z-ᾅ <0.001 
z-u <0.001 
u-ᾅ <0.001 



 72 

[z]
[z]

 F1 F2 F3 Language  

A
p

ic
a
l 
v
o

w
e
l 
[z

] 

? 389 1232 2692 SC Svantesson, 1984 

M
a

le
 

320 

300 

340 

1380 

1500 

1320 

3140 

3140 

3280 

SC Howie, 1976 

397 1296 2923 SC Zee & Lee, 2001 

378 1463 ï HMC Hou, 2007 

344 1179 2741 SWC Ling, 2009 

416 1190 2932 SC Lee-Kim, 2014 

353 1558 ï HMC Wan, 2014 

374 1373 ï SC Shi et al., 2015 

383 1548 2990 HMC Kong et al., 2019 

319 1094 2608 JHC Present study 

F
e

m
a

le
 

376 1680 3501 SC Zee & Lee, 2001 

403 1723 ï HMC Hou, 2007 

378 1405 3388 SWC Ling, 2009 

515 1396 3272 SC Lee-Kim, 2014 

443 1751 ï HMC Wan, 2014 

475 1581 ï SC Shi et al., 2015 

367 1501 2938 HMC Kong et al., 2019 

357 1643 3217 JHC Present study 

C
o
n

s
o

-

n
a

n
t 
[z

] 

? 
ï 1570 2720 En-US 

Jassem, 196518 
ï 1770 2870 Polish 

 [z] [i]

The results of HNR measurements are presented in Figure 4.11. They show the 

evolution of the HNR during the duration of [z]  and [i] , with a clearly lower HNR for 

[z]  reflecting its greater noise component. Specifically, while the HNR of [i]  goes up 

directly after the onset, and maintains a high level throughout the total duration 

before the falling portion, the HNR of [z]  goes up gradually until it reaches its highest 

level at the second half of its duration and then, after a short plateau, falls rapidly19. 

 

18 F1 could not be measured accurately, hence not reported in Jassemôs study. 
19 The falling portion of the two segments [i   z]  is probably the result of coarticulation with the following fricative 

[ȭ]  contained in the frame sentence. The presence of this fricative also explains the rising phase of the ZCR 

curves as will be shown below. 
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The mean HNR values for the two segments, also shown in Figure 4.11, confirm this 

pattern for both males and females, with [i]  displaying a higher HNR value than [z ] . 
This is not the case for SC as reported in Faytak (2015), the [i]  and [z]  in SC seem 

to have similar HNR values. This difference indicates that JHC [z]  is probably more 

fricated than SC [z] .  

While the HNR measurement gives expected results, it is not ideal for a thorough 

investigation of frication noise in JHC apical vowel (this will be done using ZCR 

measurement below). One reason is that the JHC apical vowel is far too fricated for 

the HNR values to be perfectly reliable. Since the HNR is based on the periodicity of 

the signal, and that the beginning phase of the apical vowel is much more fricated 

than periodic, the periodicity of the signal is not always correctly detected. This 

results in variable negative HNR values (many extreme values can be smaller than 

ī200 dB). Taking these values into consideration would result in unreadable 

generalisations. In Figure 4.11, only positive HNR values are taken into account. 

Although the results still show that the beginning phase of [z] contains more frication 

than [i] , they are generalised without the most fricated tokens of [z]  since they would 

contain the most negative HNR values.  

[i   z]

 

The other reason is that it is difficult to compare all nucleic segments with HNR 

values. The vowel [u] , for example, has few harmonics, which results in low HNR 

values. For many speakers, [u]  is only slightly rounded with a very small labial 

opening. The articulators open only enough to produce an audible oral release, but 

the lips do not form a strong lip-rounding, resulting in the oral cavity being 

considerably reduced compared to a normally rounded [u] 20.  

 

20 My feeling is that this vowel may be undergoing a sound change. The phoneme /u/  has two allophones [u]  

and [vּׁש]  (see section 3.2.5) 
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 [i u a ậ] [z]

In this section, the ZCR patterns of [z]  are presented in detail. I first compare this 

segment to the other syllable nuclei [i   ậ  u  a] , then I examine how these patterns 

vary depending on the nature of the preceding consonant and depending on 

speakers. 

ZCR, as already stated, calculates the number of times in a given time-interval the 

speech signal passes through the value of zero, and can thus directly reflect the 

presence of frication noise on acoustic signals. Unlike HNR it measures the times of 

zero-crossings in a given time-interval, which does not involve the detection of 

voicing or pitch. The ZCR measurement can be used for all syllable nuclei regardless 

of their phonetic nature (e.g., lack of harmonics in [u]  vowels), and it is virtually 

independent of speaker volume and less speaker-dependent than spectral analyses 

(Ito & Donaldson, 1971). 

It is expected to observe a high ZCR when there is more frication noise (i.e., non-

periodic signal) and a low ZCR when there is less frication noise (i.e., periodic signal). 

[z]  is thus expected to have higher ZCR at the beginning of its duration and lower 

ZCR at the second half of its duration. Same as for the HNR measurement, the ZCR 

results are presented as a variable in time. This method of presentation gives a direct 

access to the dynamic evolution of ZCR during the nuclei segments.  

 

[a  i  u  ậ  z]

The general pattern of ZCR for all syllable nuclei is reported in Figure 4.12. As this 

figure clearly shows, [z]  behaves in a different way compared to other vowels: it 

starts with a very high ZCR, corresponding to the frication noise observed at the 

beginning of the segment. The diminishing ZCR during [z] corresponds to the slow 

disappearing of this turbulence.  
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This general pattern can also be observed from the raw data presented in Figure 

4.13. The ZCR of the apical vowel [z]  is presented separately. It can be observed 

that for [i   ậ  u  a] 21  vowels, the ZCR is lower and more constant, mostly 

concentrated below 2000 times per second, while for the apical vowel [z]  the ZCR is 

much higher and more variable, varying from 2000 times per second to 10000 times 

per second for the majority of the tokens. 

[z] [a  i  u  ậ]

[z] [a  i  u  ậ]

 [z]

In this section, I report the effect of consonantal context on the way frication noise is 

realised during [z] . Specifically I seek to determine whether any difference can be 

observed depending on whether the preceding consonant is sibilant [s  ts  tsΌ], labial 

[p   pΌ  m]  or coronal nasal [n] . The results, presented in Figure 4.14, show that there 

are observable differences in the way frication is implemented throughout the 

segment. These differences can be categorised into three patterns depending on the 

nature of the preceding consonants: [z]  after [pΌ  s  ts  tsΌ], [z]  after [m  n] , and [z]  

after [p] .  

The most obvious pattern is when [z]  is preceded by [pΌ  s  ts  tsΌ]. In this context, 

[z]  displays much higher ZCR at its beginning. This is interesting since it mirrors the 

finding reported in section 4.2.2.2, where [z]  after the same class of consonants 

[pΌ  ts  tsΌ  s] had shorter duration compared to [z]  after [m  n  p] . The same 

explanation provided to account for the shorter duration of [z]  also holds here. 

Specifically, the gesture for [z]  is already achieved during the release phase of [pΌ], 

 

21 Three [u]  vowels have abnormal ZCR values which may be explained by the devoicing which can affect this 

high vowel.  
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so that aspiration is masked by the oral sourced frication noise. This issue will be 

examined in more detail in section 5.2.6 based on ultrasound data. 

The [z]  segments after [p]  have lower ZCR, but the values are still above 2000 times 

per second at the beginning of [z] . This shows that even when [z]  is completely 

heterorganic with the onset consonant, it still presents abundant frication noise. The 

ZCR of [z]  segments after [m  n]  behave in a different way: it starts at a low level 

and systematically increases to achieve a rather high level before the final falling 

phase. The lower ZCR at the starting point can be explained by the nasality of the 

onset consonants. Nasal consonants require an open nasal cavity that prevents high 

intraoral air pressure. After the release of the nasal consonant, the nasal cavity 

closes, and intraoral air pressure rises. Similar to the [pΌ] case, the gesture of [z]  is 

most probably achieved anticipatorily during the onset consonants [n   m] , which 

means that the fricative tongue shape is already formed when the intraoral air 

pressure rises after the closure of velopharyngeal port. The fricative tongue shape 

and the raised intraoral pressure lead to frication noise, shown as the increasing of 

the ZCR value. This behaviour confirms again that [z]  displays frication even when 

preceded by nasal consonants, and clearly suggests that turbulence noise is inherent 

to the production of the apical vowel. There is a small difference between [z]  after 

[m]  and [z]  after [n] , with lower frication noise in [mz]  than in [nz] . This difference 

could be attributed to the same alveolar constriction shared by [n   z]  sounds, but not 

by [m  z] . It could be that the alveolar constriction was achieved later and was less 

constricted after [m] . 

[z]
[z]
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 [z]

Although the presence of frication noise is prevalent during the production of [z]  in 

JHC, speaker-specific differences still exist, with some speakers producing more 

frication noise than others. The ZCR patterns of [z]  for all speakers are presented in 

Figure 4.15. It is observed that 9 speakers out of 10 have higher than 2000 times per 

second ZCR at the beginning of [z] . Only FS5 behaves differently, as she has just 

above 1000 times per second ZCR at the beginning of her productions. 

An interesting aspect is seen when FS5 is compared to MS2. These two subjects 

pattern together and exhibit similar mid-sagittal tongue contours during the 

production of [z]  (as will be shown in section 5.2.2), yet MS2 has much higher ZCR 

values than FS5. This difference indicates that in addition to tongue configuration, the 

aerodynamic dimension also plays an important role in the generation of frication 

noise. For MS2, the intraoral pressure may decrease more slowly than for FS5, 

which could result in more frication noise for the former and less frication noise for 

the latter. The importance of aerodynamic adjustments in generating frication noise 

during the production of [z]  is discussed in section 6.3.  

[z]
[z]

 

Although FS5 does not have higher than 2000 per second ZCR values, her 

productions of [z]  still exhibit higher ZCR values than her vowels (Figure 4.16). This 

speaker has only a short period of frication noise at the beginning of the apical vowel, 

which diminishes rapidly when voicing starts (see Figure 4.17 for an example).  
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[z]

[pz ]

 [p h]
[s]

As shown in section 4.2.2.2 and section 4.2.5.2 concerning the duration and the 

COG values of [z] , the aspirated labial stop [pΌ] patterns with sibilants [s  ts  tsΌ], 

rather than with the other labial consonants. The explanation provided for this 

óunnaturalô patterning was that the alveolar constriction of [z]  is achieved during (or 

even before) the release phase of [pΌ]. The consequence of this overlap is that the 

frication noise generated by [z]  gesture dominates the glottal sourced aspiration 

noise of [pΌ], resulting in a phase that has acoustic characteristics resembling those 

of a [s]  consonant (i.e., energy concentration at higher frequencies). Two examples 

of [pΌz] are given in Figure 4.18 for illustration. 

 

22 Here the vowel [a] seems to have highe ZCR, but as shown in Figure 4.12, it is the normal value for this vowel.  
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[pΌz]
[z]

 

COG measurement was used to examine the acoustic similarity between the 

aspiration phase of [pΌ] and the frication noise of [s]  in the same vocalic contexts. 

The results are presented in Figure 4.19. They show that when followed by [ậ  u  a] , 
the COG of [s]  and the COG of the aspiration phase of [pΌ] are different. However, 

when followed by [z] , the aspiration of [pΌ] displays the same COG as the frication 

noise of [s]. Welchôs t-tests conducted on each vocalic context confirm this 

statistically (see Table 4.6). This result shows that the release of [pΌ] contains 

frication noise generated during the production of fricative [z] . 

[pΌ] [s]
[i   ậ  u  a  z] [i] [s]
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[s] [pΌ]

Nuclei 

vowels 

Mean COG (Hz) of the 

aspiration phase of [pΌ] 

Mean COG 

(Hz) of [s]  
Welchôs t-test 

ᾅ 176 3670 t(50.26)=ī12.12, p<.0001 

u 711 4003 t(123.09)=ī11.84, p<.0001 

a 384 4728 t(50.33)=ī11.75, p<.0001 

z 6735 6682 t(164.54)=0.19, p=.85 

 

This chapter presented an acoustic investigation of the JHC apical vowel [z] . The 

main findings obtained are summarised below: 

1) [z]  is produced predominantly with frication noise superposed on voicing. 

The frication noise never continues throughout the entire duration of [z] , and 

stops earlier or later in the second half of the segment. When frication noise 

diminishes, the formant structure becomes clearer, resulting in an 

approximant-like configuration.  

2) [z]  has a shorter duration after [pΌ  s  ts  tsΌ] compared to [m  p  n] . This 

difference was explained by the anticipatory realisation of the nucleus [z]  
coupled with the segmentation criteria used.  

3) [z]  has similar F1-F2 structure to [ậ] , resulting in important overlap in the 

vocalic space.  

4) [z]  displays lower HNR values compared to [ i] , confirming that the former 

has more frication noise.  

5) The higher ZCR for [z]  compared to vowels is additional evidence for the 

abundant frication noise displayed by this segment especially at its 

beginning. The presence of this noise is observed after labial stops and 

nasals, although coronal sibilants induce more frication noise.  

6) COG shows that the release phase of [pΌ] in [pΌz] has the acoustic 

characteristics of a fricative [s] , suggesting that the alveolar constriction of 

[z]  is achieved during the release phase of the onset.  

Taken together these results show that [z]  in JHC has acoustic characteristics of a 

fricative consonant. The abundant frication noise even when it is preceded by labial 

stops and nasals is a strong argument in support of this analysis. Given that the 

fricative gesture of [z]  could be achieved anticipatorily during these onset 

consonants, this gesture can only be considered as inherent to [z]  since labial stops 
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and nasals do not objectively involve a fricative gesture. In the next chapter, this 

aspect and others are explored based on ultrasound imaging. 
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The objective of the articulatory study is to examine the tongue configuration of JHC 

[z] 23. Based on ultrasound tongue imaging, on both mid-sagittal and coronal planes, 

it specifically seeks to determine whether the shape of the tongue is similar to or 

different from that of the consonant [s]  or vowel [i] , and to examine how it is affected 

by the nature of the preceding onset consonants.  

 

 

The ultrasound data were acquired one year after the acoustic data, in the same 

sound-attenuated room. Seven of the ten speakers recorded for the acoustic 

experiment participated in this data acquisition (FS1, FS3, FS5 and MS1, MS2, MS3, 

MS5). The word list used was a shorter version of the word list used in the acoustic 

study. The list was shortened in order to reduce the time of recording, which took 

approximately 50-60 minutes for each speaker. As for the acoustic study, this list 

contained monosyllabic words with [p   pΌ  m  n  ts  tsΌ  s] onsets and [i   ậ  u  a  z]  
nuclei. The word list, written in Chinese characters, was printed and presented to 

speakers on a A4 format paper (See A.1). The seven subjects read the words in a 

frame sentence [kiȭȯ  _ ȭȯ sȯfa]  óHe/She writes _ three timesô, repeated three 

times for mid-sagittal recordings and three times for coronal recordings (1218 total 

target syllables, [z] : 462, [i] : 168, [u] : 168, [a] : 126, [ậ] : 294).  

Note that each recording was saved separately. That is, each carrier sentence (with 

the target syllable) was produced by the speaker, then saved. The speaker was then 

 

23 As in the previous chapter, I will be presenting the variable phonetic realisations of the concerned segments 
and syllables, and some of them are not phonemic (e.g., the onsets [n] and [l] are allophones, see section 3.2.3). 

All transcriptions are thus enclosed in square brackets, and the syllabic diacritic ó ּׁשõ for apical vowel is omitted for 

simplicity. 
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asked to produce the next carrier phrase (with the next target syllable, not a 

repetition of the same target syllable) and so on. Each recording was preceded by 

the syllables [kaka] in order to provide extra information on the synchronisation of the 

ultrasound recording and the acoustic signal, based on the acoustic release of the 

velar [k].  

 

All ultrasound data were recorded with the Ultrasound Stabilisation Headset 

(Articulate Instruments Ltd., 2008) and the Articulate Assistant Advanced software 

(AAA, V217.03) (Articulate Instruments Ltd., 2012). The probe used was a 

microconvex portable ultrasound probe, with a diameter of 40 mm. Before the 

recording began, speakers were familiarised with the ultrasound probe and headset, 

as well as with the word list. They also had time to visualise the tongue movements 

through AAA.  

The speakers were sat in a comfortable chair. The headset was then adjusted to the 

morphological specificities of each speaker, in a way that it would not move during 

the recordings, while making it as much confortable as possible. The mid-sagittal 

ultrasound data were recorded first and then coronal ultrasound data, with a small 

pause between the two sessions. During the pause the headset was removed from 

the head of the speaker. None of the speakers reported having experienced pain or 

discomfort.  

The corresponding acoustic data were recorded by using the same equipment 

described in the methodology section of the acoustic study (see section 4.1.2), 

except that the microphone was attached on the ultrasound headset. Although the 

acoustic signals obtained were not perfectly suitable for fine acoustic analyses, they 

were sufficient for segmentation use. The synchronisation of the ultrasound images 

and the acoustic signals were done automatically using AAA software, and checked 

manually by observing the form [kaka] which preceded each recording.  

A small but important detail in using the headset was that it became impossible for 

some speakers to wear glasses once it was put on and well adjusted. To avoid 

experiencing difficulty in reading a screen from a relatively long distance, the option 

used was to present the word list printed on a paper using large font size.  

The mid-sagittal ultrasound recording procedure was rather straightforward. The 

headset kept the ultrasound probe in the mid-sagittal plane and the probe was 

pointed to the anterior of the tongue in order to have a better image of the tongue tip. 

The coronal recording was obtained by turning the probe in a 90° angle and pointing 

the probe to the anterior part of the tongue. The probe was adjusted in a way that the 

medial grooving of [s] consonant was easily observable as was shown in Stone 

(1992). It is important to note however that the direction of the ultrasound probe was 
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not controlled as in Stone et al. (1988, 1992)24, because a perpendicular base could 

not be provided with the headset on. There was no object of reference that allowed 

adjusting the angle of the probe to a fixed degree.  

The ultrasound probe used in the data acquisition had a field of view of 92°. The 

depth was adjusted to have a maximum view of the tongue, causing different frame 

rates for female and male speakers (82.1 frames per second for female speakers 

and 81.4 frames per second for male speakers). Ultrasound data were segmented in 

AAA manually using the corresponding audio, and traced manually with the help of 

the built-in tracing algorithm. The tracing criteria are presented in detail in sections 

5.1.3 and 5.1.4.  

The segmentation criteria were the same as those presented in the acoustic study. In 

the acoustic study, the onset of the apical vowel was set at the first pulse detected by 

Praat (see section 4.1.2). However, AAA does not provide a pulse detection function, 

so the starting point of the apical vowel was decided by visual observation of the 

acoustic signals and the spectrograms. The onset of [z]  was thus defined as the 

beginning of voicing of this segment. This decision will not have much effect on the 

results presented since the first pulse detected by Praat corresponds to the starting 

of voicing. The smoothing-spline ANOVA analysis conducted were done based on 

the ónearest midpoint imageô of each segment (see section 5.1.6).  

 

The tracing of the mid-sagittal tongue contour was done on each target syllable with 

the assistance of the built-in AAA semi-automatic tracking algorithm (Articulate 

Instruments Ltd., 2012). An advantage of using the semi-automatic tracking is that it 

reduces the effects of human factor. The tracing procedure started with defining a 

space in which the tongue moved during the articulation of the target syllable. This 

space was limited by óroofô and ómin-tongueô as shown in Figure 5.1. In the present 

study, the óroofô limit was not defined as the palate but drawn manually by observing 

the tongue movement during each target syllable. In the example presented in Figure 

5.1, for instance, the óroofô line was drawn manually by including all the ranges over 

which the tongue surface may be found during the production of the item [pz] . This 

procedure was necessary for the automatic spline fitting to work. By doing so, AAA 

could isolate non ultrasound graphics such as menus, scales and axes from the 

search space (Articulate Instruments Ltd., 2012). The grey ómin-tongueô line was 

defined similarly so that the tongue surface never went under it. The tongue surface 

could thus only be found between these two lines during the target syllable. The 

 

24 Stone et al. (1988, 1992) had an ultrasound probe holder which had a perpendicular base. This holder is an 
inversed L-shaped metal shelf fixed on the floor with the ultrasound probe attached on the top. They were able to 
adjust the angle of the coronal plane buy adjusting the direction of the probe with goniometers according to the 
perpendicular mental shelf.  
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defined óroofô and ómin-tongueô was saved as a template so that AAA could use it to 

track all segments having the same label. For each segment studied, a template was 

created following the same procedure. That is, for each speaker, five templates were 

created, one for each syllable nucleus [i   ậ  u  a  z] .  

AAA offers a semi-automatic function by tracking the tongue surface inside the 

predefined limits in a template and within the given acoustic segmentation. All 

ultrasound images within a segmentation were tracked in a batched process. The 

result was corrected by hand when needed, with the assistance of AAAôs ósnap to fitô 

function (see Articulate Instruments Ltd., (2012) for more details on this function).  

[z] [pz]

 

The semi-automatic tracking result may contain errors. Two such errors are observed 

in Figure 5.1. The first one relates to the tongue tip. As can be seen from the mid-

sagittal ultrasound frame, the tongue tip is not quite visible because of the mandible 

shadow, so the tracing algorithm provides a pseudo-tongue tip contour. Although this 

pseudo-tongue tip is probably not far from reality (considering a tongueôs nature 

shape and position), it has been considered an error and eliminated from the 

analyses (see Figure 5.2). The other error concerns the tongue root surface, which is 

not traced correctly because of the hyoid shadow. This part of the tracing was also 

considered as an error and eliminated in the analysis (see Figure 5.2). As a 

consequence, only the tracings between the mandible shadow and the hyoid shadow 

were considered reliable and used for the smoothing-spline ANOVA analysis.  
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[z]
[pz  pz   pΌz  pΌz   mz   nz  nz   tsz   tsΌz   sz   sz]

 

 

The traces in this figure represent the nearest midpoint images of 11 realisations of 

[z]  by FS3. As these traces clearly show, the semi-automatic traced tongue shapes 

are highly consistent across tokens. But the tongue tip and the tongue root contours 

are visibly not consistent. The Spline Workspace shown in Figure 5.2 provides the 

function to identify each fanline of the ultrasound image. The tongue shapes between 

fanline 6 and fanline 28 (approximately between the mandible shadow and the hyoid 

shadow) were considered to be correctly traced across tokens for the [z]  segments 

produced by FS3. The x/y coordinates of the range defined by these two fanlines 

were used in the smoothing-spline ANOVA (SS ANOVA) analysis presented in 

section 5.1.6. Since the tongue tip is left out in the SS ANOVA generalisation, I refer 

to the front part of the tongue as ótongue frontô in the SS ANOVA figures. In order to 

compare the tongue shapes of [z]  to the tongue shapes of other segments, the 

fanlines limiting the reliable range of [z] were used to determine the reliable range of 

all segments for one speaker25. This procedure was repeated for each speaker. The 

data points were then extracted for the nearest midpoint image and analysed using 

SS ANOVA method. 

  

 

25 Understandably, the two delimiting fanlines were different for each speaker. But for each speaker, the apical 

vowel [z]  was always used as a reference to determine the range within which the tongue shapes were 

considered as reliable. 



 88 

 

The tracing of the coronal tongue contours follows the same procedure presented in 

section 5.1.326. One example of óroofô and ómin-tongueô is given in Figure 5.3. As the 

figure shows, the medial part of the tongue is reliably tracked, but not the left and the 

right edges. These edges were eliminated from the SS ANOVA analysis.  

[z] [pz]

 

Unlike in the mid-sagittal plane, there was no mandible shadow and hyoid shadow in 

the coronal plane, so there was no anatomical reference to define a reliable range of 

the semi-automatic tracking results. The range between fanline 14 and fanline 27 

was considered reliable based on the consistency of AAAôs tracking results (see 

Figure 5.4). The visual examination method was conducted on each studied segment 

and the reliable range was extracted for SS ANOVA calculation.  

Another factor that was taken into consideration in defining the reliable range in the 

coronal plane was the crossing points of the SS ANOVA splines. As shown in Figure 

5.5, the splines cross on the left side and the right side (see the crossing between the 

contours of [z]  and [s]  and the contour of [ậ] ). The range within these sides was 

considered reliable. The coronal ultrasound results presented in the following 

sections focus only on the range within these sides.  

 

26 The built-in tracking algorithm of AAA is designed to track mid-sagittal tongue contours. In this study, it is also 
used to track coronal tongue contours. 
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[z] [pz  pz   pΌz  pΌz   mz   nz  nz   tsz   tsΌz   sz   sz]

[i   u  a  ậ] [s] [z]

[i]

 

The palatal contours were obtained by six independent water swallow tasks for each 

speaker. The results were corrected and ameliorated by using the óCave Vocal Tractô 

function of AAA (version 218.03). This function gives the trajectory of the tongue in 

the vocal tract and can superpose all trajectories to form an óarticulatory spaceô for 

the tongue. An example is given in Figure 5.6.  
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The black area in Figure 5.6 corresponds to the superposition of all tongue surfaces 

from three recordings (each recording is a frame sentence with a target syllable). The 

three embedded target syllables are [pz   tsi   pậ] . Recall that the frame sentence 

contains [k   ȭ  s  i  ȯ a] and the target words contain [ ts   z  i  ậ] which induce lingual 

movement. The tongue surface thus moves in a range consisting of these sounds. 

Among these sounds, the tongue touched the palate for [k   ts] , and approached the 

palate for [ȭ  s  z  i  ậ]. As a consequence, the upper edge of the caved vocal tract is 

composed of [k   ậ  ȭ  t s] segmentsô upper edges ([k] at velar, [ậ  ȭ] at palate, [ts ] at 

alveolar). This upper edge can also be visualised in the Spline Workspace, as shown 

in Figure 5.7. With the help of this function, the hard palate can be better defined.  

Note however that the water-swallow tasks did not always provide easily traceable 

palatal contours. The palatal contours obtained were corrected using the óCave Vocal 

Tractô function. As presented above, the palatal traces were set to be just higher than 

the upper edge of the caved vocal tract, as shown in the above figure. The palatal 

traces were then used to indicate an approximate position of the palate in SS 

ANOVA results.  

[pz   tsi   pậ]

[z]
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As stated above, the nearest midpoint image of each studied segment was extracted 

in x/y coordinates. The data points in the reliable range were analysed using 

smoothing-spline ANOVA (SS ANOVA) method. The statistical tool used to calculate 

the SS ANOVA was RStudio and the Package gss (Gu, 2014). As presented in 

section 5.1.3 and section 5.1.4, data points from hyoid shadow to mandible shadow 

in mid-sagittal plane and data within the junction of the traces in coronal plane were 

taken into consideration by the SS ANOVA estimation.  

The SS ANOVA analysis used in the present study follows Davidsonôs (2006) 

proposition. She presented the SS ANOVA method as óa technique for determining 

whether or not there are significant differences between the smoothing splines that 

are the best fits for two data sets being comparedô.  

The advantage of SS ANOVA is that it can show if two splines are significantly 

different and where the significant differences lie. If the interaction term of the SS 

ANOVA model is statistically significant, then the groups have different shapes. Since 

the interaction may be significant even if only a small section of the curves is different 

(e.g., the tongue root is the same, but the tip of one group is raised), Bayesian 

confidence intervals are used to determine which sections of the curves are 

statistically different (Davidson, 2006). In the present study, the Bayesian confidence 

intervals are reported for [s]/[z]  comparisons and for [z]  in labial/coronal context 

comparisons.  

The recordings from MS1 were excluded from analysis since the ultrasound images 

from this speaker did not provide sufficient information. The tracing was nearly 

impossible, and the data were considered as not reliable. Similarly, in the coronal 
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ultrasound data from FS3, the [i]  vowel was excluded. In her case, when the tongue 

was raised for [i] , there was no sufficient information to trace it reliably. All the 

remaining data were included in the corresponding SS ANOVA estimations.  

 

One difficulty encountered in coronal ultrasound data acquisition was the lack of 

anatomical references to precisely locate the coronal plane. The method adopted in 

the recording sessions was to orient the ultrasound probe to the anterior of the 

tongue and adjust it in a way that the medial grooving of [s]  consonant was easily 

observable as shown by Stone (1992). The recordings proved satisfactory when the 

mid-sagittal plane and the coronal plane were compared.  

By comparing the SS ANOVA splinesô relative positioning on mid-sagittal plane and 

coronal plane, it was possible to determine an approximate range on the mid-sagittal 

plane in which the coronal plane was taken. This is illustrated in Figure 5.8. The SS 

ANOVA splines of the coronal ultrasound are on the right side, and the green range 

in the centre of the coronal view is considered to correspond to where the mid-

sagittal ultrasound is taken.  

[i   u  a  ậ]
[s] , [z]
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By comparing the relative positioning of the splines in this range, it can be observed 

that from highest to lowest, the splines are ranked as [i   ậ  u  s  a  z] . Taking this 

ranking into consideration, a possible range is marked in green on the mid-sagittal 

view in Figure 5.8. Within this range the same ranking as in the coronal plane (i.e., 

from highest to lowest [i   ậ  u  s  a  z] ) is also observed. Outside this range, the 

relative positioning of the splines no longer follows this ranking.  

The defined range, determined by visual examination, shows that the coronal 

ultrasound plane was taken from the anterior part of the tongue dorsum (and not from 

the tongue tip). The data are still highly informative, as they enabled the comparison 

between segments on the coronal plane, and between different contexts in one 

speakerôs productions. This comparison can reveal the articulatory gestures of the 

apical vowel [z]  since the medial-grooving shape was observed only in consonant [s]  

and apical vowel [z] , but not in vowels.  

 

The results of the articulatory study are presented in this section. Qualitative 

observations of [z] using raw ultrasound images are presented in the first place, 

before reporting on the general patterns observed based on SS ANOVA analyses. 

Following these, results from a set of comparisons are presented. The tongue shape 

of [z]  is compared to the tongue shapes of [s  i  u  ậ]  in order to reveal the 

similarities and/or differences between [z ] and [s] on the one hand, and between [z]  

and the high vowels on the other. The absence of any consistent effect of context on 

the tongue configuration of [z]  is shown by comparing labial and coronal contexts. 

The section ends with the results on the dynamic tongue shape evolution in 

[pz   pΌz  mz]  syllables. 

 [z]

A close visual examination of the mid-sagittal tongue contours for [z]  reveals two 

shape-based patterns: pattern 1 (FS1, FS3, MS3, MS5) and pattern 2 (FS5 and 

MS2). A raised tongue dorsum characterises pattern 1, while pattern 2 shows a flat 

tongue dorsum and a raised tongue tip. Figure 5.9 illustrates these two patterns and 

shows how the shape of the tongue changes over time during the articulation of [z]  

for the six speakers.  

It is clear that for all speakers, the tongue does not move significantly during the 

articulation of [z] . From onset to ¾ point, the tongue shape of [z]  remains constant. 

The image corresponding to the offset of [z]  shows the effect of coarticulation 
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between this segment and the following consonant [ȭ]  contained in the frame 

sentence.  

[z] [pz]  

[z]

 

For comparison purposes, the mid-sagittal tongue shape of the SC apical vowel is 

shown in Figure 5.10. This tongue shape is virtually identical to pattern 1 observed 

here, suggesting that the two variants can display the same tongue configuration (at 

least for pattern 1, it is unclear if SC apical vowel has pattern 2 gesture). It should be 

noted that the mid-sagittal image of the apical vowel in SC was extracted from a [sz]  

syllable, while the JHC apical vowel images of Figure 5.9 were obtained from [pz]  

syllables. The two variants thus exhibit the same shape of the tongue although they 

were produced in two different consonantal contexts. This observation can be related 

FS1 

FS3 

Onset 

FS5 

MS2 

MS3 

MS5 

¼ point Midpoint ¾ point Offset 

Pattern 1 

Pattern 2 
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to what was argued for when the formant values of apical vowels were compared in 

Chinese languages (see section 4.2.3.2). 

It is worth mentioning that the Ikema fricative vowel /Ќ/  also has two different 

articulatory patterns that mirror the JHC pattern 1 and pattern 2. As shown in Figure 

2.12 (see section 2.2.3.4), the left image corresponds to pattern 1 and the right 

image corresponds to pattern 2. It is not clear however whether the Ikema /Ќ/  has 

the same tongue shape as [s] , as Fujimoto & Shinohara (2018) did not provide data 

on this. It would not be surprising that the vowel /Ќ/  displays the same tongue 

configuration as for the alveolar sibilant, in roughly the same way as the JHC apical 

vowel.  

[z] [sz]
[z]

 

The ultrasound images of [z]  in the coronal plane, shown in Figure 5.11, also show 

that the tongue shape of the apical vowel is constant during its articulation. Except for 

FS1, a medial-grooved tongue shape is observed for all speakers: the lateral parts of 

the tongue are raised, and the medial part of the tongue is grooved. A consequence 

of this is that the medial part of the tongue is much lower than the lateral parts. This 

medial-grooved tongue shape closely resembles that observed for the fricative [s] , 

and indicates the presence of a narrowed air channel for both segments. This point 

will be developed in sections 5.2.3 and 5.2.5. 
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[z] [pz]
[z]

 [i u ᾅ] [z]

 

The general mid-sagittal shapes of [z] and the high vowels [i   u  ᾅ] , generalised into 

smoothing-splines using SS ANOVA method, are shown in Figure 5.12 for the six 

subjects.  

  

FS1 

FS3 

FS5 

MS2 

MS3 

MS5 

Onset ¼ point Midpoint ¾ point Offset 
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[i   u  ậ]
[z]  

 

The differences in terms of articulatory gestures between the two patterns reported 

above are easily observable here. Interestingly for both patterns the tongue shape of 

[z] is very much different from that of high vowels. This difference is more specifically 

observed at the tongue dorsum, the basic gesture involved in the vowel making 

process. For high vowels, an arch is observed in the tongue dorsum mass. The 

position of this arching is what mainly alters the vocal tract and how it resonates, 

yielding different timbres for [i] , [u]  and [ậ] . The front of tongue displays variable 

configurations depending on speakers. Recall that the tip of the tongue, generally 

considered neutral for vowels and active for consonants, is not perfectly rendered in 

our ultrasound data because of the mandible shadow.  

Pattern 2 

Pattern 1 
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The difference in tongue configuration between the apical vowel and the high vowels 

is even more evident on the coronal plane as shown in Figure 5.13. Unlike high 

vowels, the apical vowel (except for FS1) displays a medial-grooved tongue shape. 

This specific tongue shape, which indicates the presence of a narrowed air channel, 

is directly related to a fricative gesture. As for FS1, there is indeed no medial-grooved 

tongue shape for [z] , but interestingly, as section 5.2.3 will show, she also has the 

same no medial-grooved tongue shape for [s] .  

Figure 5.13 shows that [u]  may display a slightly medial-grooved tongue shape. This 

medial grooving, already reported by Stone et al. (1988) and Stone & Lele (1992), is 

only observed for MS2 and MS5, and the depth of the grooving is not comparable to 

[s]  and [z]  segments. Moreover, the laterals of the tongue in [u]  are not raised. This 

grooving shape, with non-raised laterals, reflects the natural grooving of the tongue 

rather than an articulated tongue gesture.  

It is important to draw attention to the interesting difference between [i   ậ]  and [u]  

and this tells us about the coronal ultrasound view recorded in this study. These 

vowels differ in the anterior [i   ậ]  posterior [u]  dimension. All speakers have high 

convex tongue shape for [i   ậ] , while [u]  is much lower. These shapes correspond to 

the anterior view of the tongue reported in Stone et al. (1988), and thus prove that 

the coronal ultrasound view is obtained at the anterior part of the tongue, not the 

dorsum or the posterior of the tongue. If the coronal view of the tongue were obtained 

at a more posterior part of the tongue, the tongue contour would be higher for back 

vowel [u] . This point is also mentioned in section 5.1.7. 



 99 

[i   u  ậ] [z]
[i]

 [z] [s]

This section examines the potential similarities and differences between the tongue 

configurations of fricative [s]  and apical [z] . I examine these on mid-sagittal plane 

and then on coronal plane. 

 














































































