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ABSTRACT 

The study is a phonetic analysis of the vowels, 

diphthongs and triphthongs in Meixian Hakka. The 

formant measurements as well as the temporal 

organization are presented. Results show that (1) 

the relative distance between the mid vowels and 

the high vowels differ in male and female speech 

in Meixian Hakka; (2) diphthongs in Meixian 

Hakka may be separated into two categories 

according to the difference in formant structure 

relative to the monophthongal vowels and this was 

supported by the temporal structure of the 

diphthongs; (3) centralization appears in all 

triphthongs but not in all elements of a triphthong 

in Meixian Hakka; and (4) the formant patterns and 

the temporal organization provide a basis for the 

transcription of the Meixian Hakka vowel system. 

Keywords: Acoustic phonetics; spectral patterns; 

temporal relationship; diphthongs; Hakka Chinese. 

1. INTRODUCTION 

Meixian Hakka is a dialect of the Hakka group of 

the Chinese language and it is the representative 

dialect of the Hakka group. Meixian Hakka is 

spoken in northeast Guangdong Province, China. 

The Meixian Hakka sound system has been 

described in the past studies [2, 3, 6], however, no 

experimental data have been presented and little 

work on the phonetic analysis of Hakka vowels has 

been done.  

 It is generally agreed among the past studies 

that 5 monophthongal vowels [i, e, a, o, u], 11 

diphthongs [ia, ie, io, iu, ua, uo, ui, ai, oi, au, eu] 

and 4 triphthongs [iai, iui, iau, uai] include in the 

vowel system of Meixian Hakka. In this study, the 

recordings of Meixian Hakka vowels, diphthongs 

and triphthongs were analyzed in a phonetic 

perspective. F1, F2 and F3 onset and offset formant 

frequency measurements and the temporal 

organizations were presented. The phonetic 

characteristics of vowels, diphthongs and 

triphthongs in Meixian Hakka are uncovered and 

the results of this study are compared with the past 

studies on other Chinese dialects as well as other 

languages. 

2. METHOD 

2.1. Test material and recording 

In this study, the 5 vowels, 11 diphthongs and 4 

triphthongs in Meixian Hakka were recorded for 

analysis. All vowels, diphthongs and triphthongs 

occur in (C)V syllables, which  are associated with 

either a mid level tone or a high falling tone. 

Digital audio recordings were made of the native 

speakers of Meixian Hakka reading a randomized 

list of 20 meaningful monosyllabic words. Each 

test word was embedded in a carrier sentence, 

[Mai11 t
h
uk5 ____ pun35 m<11 t

h
aM33] “I read ____ 

for you (to) listen.”. Four readings of the word list 

were recorded.  

2.2. Speakers 

The speech data were provided by five male and 

five female speakers. They are native speakers of 

Meixian Hakka, who were in their sixties at the 

time of recording. They were born and grew up in 

the city of Meixian in Guangdong Province.  

2.3. Analysis 

Praat 4.3.19 speech analysis software was used for 

both spectral analysis and temporal measurement 

of the vowels, diphthongs and triphthongs. Speech 

data were captured at a sampling rate of 10,000 

samples per second, which produce an upper 

frequency cut-off of 5,000 Hz. Formant trajectories 

were obtained for determining the steady states of 

the vowels, the two elements of the diphthongs and 

the three elements of the triphthongs. The 

frequencies of the first three formants were 

measured for each vowel at its steady state, close 

to the middle of the vowel if possible; each 

diphthong at the points of nearest approach to the 

steady states of the first and second elements; and 

each triphthong at the points of nearest approach to 

the steady states of the first, second and third 

elements. Measurements of the durations of the 

steady states and transitions were made with the 

aid of the formant trajectories, visual inspection of 

the waveforms, and auditory judgment of the 

investigator. 
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3. RESULTS  

3.1. Vowels 

Figure 1 shows the mean values of F1, F2 and F3 of 

5 monophthongal vowels [i, e, a, o, u] in Meixian 

Hakka. Each IPA symbol on the left shows the first 

three formants of a vowel for the female speakers, 

whereas that on the right shows the first three 

formants of a vowel for the male speakers. Each 

mean value was obtained from 20 data points for a 

particular vowel (4 repetitions x 5 speakers). The 

acoustic data indicate that the formant patterns of 

[i], [e], [a], [o] and [u] for the male speakers are 

similar to those for the female speakers, 

respectively. The overall formant frequency 

values, particularly the F1 and F2 values, of the 

vowels for the male speakers are lower than those 

for the female speakers as expected. It is due to the 

differences in vocal tract dimensions between male 

and female speakers [4].      

Figure 1: Mean values of the first three formants (F1, 

F2, F3) for the monophthongal vowels [i, e, a, o, u] in 

Meixian Hakka (left for female speakers and right for 

male speakers). 

 

Figure 2 shows the positions of the vowel 

ellipses for the monophthongal vowels [i, e, a, o, u] 

in Meixian Hakka in the acoustical vowel chart 

(F1/F2 plane) on bark scale, with F1 on the Y-axis 

and F2 on the X-axis, for the 5 male and 5 female 

speakers. The relative positions of the vowel 

ellipses indicate that the vowel ellipses for the 

female speakers are located more to the left and 

lower area of the acoustical vowel space than those 

for the male speakers. It is resulted from higher 

formant frequency values of the resonant sounds 

produced by the female speakers. In addition, the 

acoustical vowel space for the female speakers is 

larger than that for the male speakers.  Results 

show that the relative distance between the mid 

vowels [e, o] and the high vowels [i, u] is greater 

for female speakers than that for the male speakers. 

This difference between male and female speakers 

is also found in the vowel systems of Beijing 

Mandarin and Hong Kong Cantonese as presented 

by Zee [7, 8, 9], based on the data of 20 speakers. 

As Hakka, Mandarin and Cantonese are major 

dialects of the Chinese language, it may suggest 

that this phenomenon occurs particularly in the 

Chinese dialects, which distinguish the dialects of 

the Chinese languages from other languages. In 

comparison, the difference in the relative distance 

between the mid and high vowels is greatest in 

Hong Kong Cantonese, followed by Beijing 

Mandarin, and then Meixian Hakka.      

Figure 2: Vowel ellipses for [i, e, a, o, u]  in Meixian 

Hakka in the F1/F2 plane. Solid ellipses indicate the 

acoustic data for male speakers and dotted ellipses 

indicate those for female speakers. 

 

       

3.2. Diphthongs 

In this section, the acoustical data of the 11 

diphthongs in Meixian Hakka, which have been 

transcribed as [ia, ie, io, iu, ua, uo, ui, ai, oi, au, eu] 

are presented. The formant frequencies of the first 

two formants for the two elements of a diphthong 

are compared among themselves and with the 

formant frequencies of their vowel targets in the 

monophthongal vowels. As the formant patterns of 

the diphthongs for the male speakers are similar to 

those for the female speakers, only the acoustical 

vowel charts for the male speakers are presented.  

Figures 3-4 show the diphthong formants of the 

11 diphthongs in Meixian Hakka on the F1/F2 

plane for the 5 male speakers. The diphthong 

formants for the first and second elements are 

plotted against the formants of the monophthongal 

vowels. Each of the two end points of an arrow 

shows the first and second elements of a 

diphthong. The dotted circles in Figures 3-4 

indicate the positions of the monophthongal 

vowels on the F1/F2 plane. The acoustic data in 

Figure 3 indicate that the first and second elements 

of [ie, ia, io, iu, ua, uo] have F1 and F2 values that 

F1 

F2 

 
     [i]       [i]      [e]      [e]      [a]      [a]     [o]      [o]      [u]     [u] 

Monophthongal Vowels in Meixian Hakka 

ICPhS XVI Saarbrücken, 6-10 August 2007

842 www.icphs2007.de

http://www.icphs2007.de/


are equivalent to those of the monophthongal 

vowels, which said to be the target vowels of the 

diphthongs. The positions of the first and second 

elements of the diphthongs in the acoustical vowel 

space are close to the positions of the vowels [i, e, 

a, o, u], respectively.  

Figure 3: Formant movements for the diphthongs [ie, 

ia, io, iu, ua, uo] and the 5 monophthongal vowels [i, 

e, a, o, u] in Meixian Hakka for 5 male speakers.  

 

 

In contrast, the data in Figure 4 indicate that the 

first and second elements of [eu, ui, oi, au] and the 

second element of [ai] do not achieve the formant 

frequencies of the corresponding target vowels. 

The first and second elements of [eu, ui, oi, au] and 

the second element of [ai] appear to be centralized, 

when considered in relation to the monophthongal 

vowels. Based on the spectral data, the diphthongs 

in Meixian Hakka can be separated into two 

categories. The first category consists of [ie, ia, io, 

iu, ua, uo], in which the F1 and F2 of the two 

elements for a diphthongs are equivalent to those 

of the monophthongal vowels. The second 

category consists of [eu, ui, oi, au, ai], in which 

centralization occurs and the two elements of a 

diphthong do not reach the target vowels. This 

phenomenon does not occur in the diphthongs in 

other Chinese dialects [5, 7, 10] and it may be a 

specific characteristic for the Hakka. To have a 

global view on the phenomenon, more subjects 

will be investigated. Among the vowels, [a] seems 

to be resistant to the effect of centralization. 

Table 1 shows that, except the first element of 

[au], [eu, ui, oi, ai] have higher F1 values for the 

first element of the diphthongs than the vowels [e, 

a, o, u]. It indicates that these diphthongs have 

more open articulatory positions at their beginning 

than the monophthongal vowels. Besides, F2 

measurements indicate that [eu] and [au] ends with  

Figure 4: Formant movements for the diphthongs [eu, 

ui, oi, au, ai] and the 5 monophthongal vowels [i, e, a, 

o, u] in Meixian Hakka for 5 male speakers.  

 

 

Table 1: Mean values of F1 and F2 (in Hz) and their 

standard deviations for the first and second elements 

of diphthongs [eu, ui, oi, au, ai] and their target vowels 

in Meixian Hakka for 5 female and 5 male speakers. 

  Female speakers Male speakers 

 F1 (s.d.) F2 (s.d.) F1 (s.d.) F2 (s.d.) 

[eu] (1st) 762 (32) 2097 (85) 620 (65) 1789 (99) 

[e] 649 (88) 2380 (88) 486 (44) 2108 (131) 

[eu] (2nd) 527 (67) 1023 (110) 483 (48) 1007 (99) 

[u] 438 (18) 911 (53) 379 (20) 796 (51) 

[ui] (1st) 547 (32) 1087 (117) 452 (30) 1082 (131) 

[u] 438 (18) 911 (53) 379 (20) 796 (51) 

[ui] (2nd) 389 (29) 2601 (74) 353 (39) 2157 (153) 

[i] 305 (36) 2759 (60) 275 (32) 2226 (192) 

[oi] (1st) 779 (46) 1174 (118) 644 (46) 978 (30) 

[o] 637 (28) 979 (76) 522 (47) 793 (43) 

[oi] (2nd) 467 (48) 2412 (216) 472 (94) 1962 (102) 

[i] 305 (36) 2759 (60) 275 (32) 2226 (192) 

[au] (1st) 1093 (66) 1543 (78) 764 (77) 1167 (78) 

[a] 1195 (87) 1642 (86) 892 (62) 1401 (41) 

[au] (2nd) 598 (94) 936 (114) 527 (66) 850 (61) 

[u] 438 (18) 911 (53) 379 (20) 796 (51) 

[ai] (1st) 1235 (85) 1692 (60) 884 (72) 1426 (64) 

[a] 1195 (87) 1642 (86) 892 (62) 1401 (41) 

[ai] (2nd) 438 (88) 2634 (92) 437 (67) 2081 (168) 

[i] 305 (36) 2759 (60) 275 (32) 2226 (192) 

slightly more front articulatory positions than 

vowel [u], whereas [ui], [oi] and [ai] ends with  

slightly more retracted positions than vowel [i]. 

Such acoustic outcomes may be correlated with the 

activities of genioglossus and styloglossus as stated 

in the study of Collier [1]. 

 Figures 5 show the temporal organization of 

the diphthongs. Result shows that the temporal 

organization supports the classification of the two 

categories of Hakka diphthongs. Regardless of [iu], 

diphthongs in the first category [ie, ia, io, ua, uo] 

tend to have relatively short steady states of the 

first elements, relatively short transitions and 

relatively long steady states of the second 

 

F2 F1 

F2 
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elements, in relation to those of the diphthongs in 

the second category [eu, ui, oi, au, ai]. For 

diphthongs in the second category [eu, ui, oi, au], 

the duration of the transition is longer than either 

the duration of onset or offset steady state. This 

implies that the formant patterns and temporal 

organization of diphthongs may be different to 

maximize the minimum distance between any pair 

of diphthongs in the two categories. It should be 

noted that for [u] in [ua] and [uo], there is no or a 

very brief steady state in most cases and it is 

suggested that [u] should be transcribed as [w]. 

Figure 5: Temporal organization of the 11 diphthongs [eu, au, 

ui, oi, ai, uo, ua, iu, io, ia, ie] in Meixian Hakka for a male 

speaker. 

 

3.3. Triphthongs 

The acoustical data of the 4 Hakka triphthongs, 

which have been transcribed as [iai, iui, uai, iau] 

are presented in this section. Figure 6 show the 

angled triphthong arrows indicating the formant 

movements for the triphthongs [iai, iui, uai, iau]. 

Results show that centralization appears in all 

triphthongs but not in all elements of a triphthong.  

Vowels [u] in [iau] and [uai] appear to be 

centralized. The acoustical positions of [u] in [iau] 

and [uai] locate near to the position of the 

monophthongal vowel [o] instead of [u], whereas 

that in [iui] becomes a schwa sound. For the first 

and last elements of [iai] and the last element of 

[uai], they have the formants that are similar to 

those of monophthongal vowel [e] and it may be 

justified to transcribe them as [e] instead of [i]. In 

contrast, the first element of [iui] matches the 

target of the monophthongal vowels [i] and 

centralization may occur in the last element of [iui]  

as noticed in the data for the female speakers. The 

formants of [a] in [iai, uai, iau] are close to those 

of the monophthongal vowel [a]. The temporal 

organization of triphthongs shows that the first 
ggggggggggggg 

Figure 6: Formant movements for the triphthongs [iai, 

iui, uai, iau] and the 5 monophthongal vowels [i, e, a, 

o, u] in Meixian Hakka for 5 male speakers.  

 

 

element of [iai] has no steady state and that of [uai] 

only has a brief steady state. Therefore, it may be 

rational to transcribe them as [j] and [w] instead. 

4. CONCLUSION 

The paper has presented the acoustic 

characteristics of the vowels, diphthongs and 

triphthongs in Meixian Hakka. The acoustical data 

presented in this study provide useful information 

for a better understanding of the various acoustic 

properties of the Hakka vowel system.  
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