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ABSTRACT 

We investigated the tonal systems of Wuming and 
Du’an Zhuang via a production study focusing on F0 
and creaky phonation. Results revealed that (1) there is 
evidence of a phonation contrast among tones 2 and 4 in 
Wuming Zhuang and (2) no such phonation contrast 
exists in Du’an Zhuang, where F0 alone distinguishes 
each tone. The study utilized an objective measurement 
of psychoacoustic roughness as a proxy of creakiness, 
revealing the phonation contrast in Wuming Zhuang. In 
contrast, another method of creakiness detection, 
Covarep, did not reveal any such creakiness difference. 
Roughness and Covarep creakiness detection algorithms 
differ then, with roughness providing a more sensitive 
measure of creaky phonation in this case. 
 

1. Introduction 
The tone system of Wuming Zhuang has been described 
in [1] as one in which F0 is the main phonetic cue 
distinguishing tones. However, recent work [2] has 
found that phonation may play a significant role in the 
tonal system of the Du’an Zhuang dialect. In that 
research, a single speaker of Du’an Zhuang had a 
phonation contrast between tones 2 and 4. Additionally, 
a production study on Wuming Zhuang [3] agreed with 
what was reported in [1], in that only F0 and not 
phonation is involved in tonal contrasts. 
 
The above findings suggest that a phonation contrast 
may be present in the tonal system of Du’an Zhuang, 
but not in that of Wuming Zhuang. To test this, we 
analyzed F0 and phonation contours among unchecked 
tones in Wuming Zhuang (8 speakers) and Du’an 
Zhuang (6 speakers). Unlike [2], which used a 
composite method to measure creakiness from the 
acoustic signal based on Covarep [4], we used an 
objective measure of psychoacoustic roughness [5] as 
an additional proxy for creaky phonation. 
  

2. Method 
The data and methods used here are the same as those in 
[3]. The same word list was used for participants of both 
dialects, presented in written form in Chinese 
orthography. Each token was time normalized before 
fitting a smoothing cubic spline ANOVA model. 
 

3. Results & Discussion 
Results for objective roughness show that there is no 

evidence of a phonation contrast among tones 2 and 4 in 

Du’an Zhuang (Fig. 1). This finding was replicated via 
the Covarep algorithm (Fig. 2). This is in contrast to the 
findings for the single speaker in [2]. 

 
Figure 1. SS-ANOVA of roughness by tone across 
Du’an Zhuang speakers. Here and elsewhere, colored 
regions around the contour represent Bayesian 95% CI. 
Disjoint regions correspond to significant differences 
between contours. 
   

 
Figure 2. SS-ANOVA of probability of creakiness via 
Covarep by tone across Du’an Zhuang speakers.  
 
In contrast to creakiness, F0 bears the contrastive 
function of the tonal system in Du’an Zhuang (Fig. 3). 
Greater degree of consistency across speakers is 
evidenced by tighter confidence intervals. 
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Figure 3. SS-ANOVA of F0 by tone across Du’an 
Zhuang speakers. 
 
Evidence of a phonation contrast was found in Wuming 
Zhuang. I.e., tones 2 and 4 had different roughness 
contours, specifically in the final 25% of the vowel, 
where tone 4 increased and tone 2 decreased (see Fig. 4), 
but they had nearly identical F0 contours (see Fig. 5). 
Covarep did not yield any similar evidence of a 
phonation contrast between tones 2 and 4, however. 

 
Figure 4. SS-ANOVA of roughness by tone across 
Wuming Zhuang speakers. 
 
The tone systems of the two dialects can be seen to 
differ based on their respective F0 contours for each 
tone (Fig. 3 vs. Fig. 5). This tonal difference may 
explain why the dialects are said to be mutually 
unintelligible. Notably, while Du’an Zhuang speakers 
had nearly identical F0 contours, Wuming Zhuang 
speakers could be grouped in two categories: one having 
mid tone 6 and low tone 1; the other, exhibiting the 
reverse: a mid tone 1 and a low tone 6. 
 

 
Figure 5. SS-ANOVA of F0 by tone across Wuming 
Zhuang speakers (mid tone 6 group) 
 
 

4. Conclusion 
Objective roughness measures suggest that Wuming 
Zhuang involves a phonation difference between tones 2 
and 4. In addition, there was no evidence of a presumed 
phonation contrast in Du’an Zhuang. Results also 
indicate that the two dialects differ with respect to F0 
contours, in agreement with their reported mutual 
unintelligibility. 
 

Acknowledgments 
This work was supported by JSPS Kakenhi Grant 
Numbers 15K16745, 16K02641, 16K00277, and by 
AKS Grant Number AKS-2016-LAB-2250004.  
 

References 
[1] Wei, Q. and G. Qin. (1980). 壮语简志  (A Brief Des

cription of the Zhuang Language). Minzu chubanshe,
 Beijing. In Chinese. 

[2] J. Perkins, S.J. Lee and J. Villegas. (2016). “An 
Interplay between F0 and Phonation in Du’an 
Zhuang Tone,” Proc. of the 5th Int. Symp. on Tonal 
Aspects of Languages, pp. 56–59. 

[3] J. Perkins, S.J. Lee and J. Villegas. “The Roles of Ph
onation and F0 in Wuming Zhuang Tone,” Proc. of t
he 22nd Himalayan Languages Symp. 

[4] G. Degottex, J. Kane, T. Drugman, T. Raitio, and S. 
Scherer. (2014) “Covarep - A collaborative voice 
analysis repository for speech technologies,” in 
IEEE Int. Conf. on Acoustics, Speech and Signal 
Processing, ICASSP, pp. 960–964. 

[5] P. Daniel and R. Weber. (1997). “Psychoacoustical 
Roughness: Implementation of an Optimized Model,” 
Acta Acustica United with Acustica, vol. 83, pp. 
113–123. 

−250

0

250

500

750

0.00 0.25 0.50 0.75 1.00

Normalized Time

F0
 (C

en
ts

 re
. m

ed
ia

n 
F0

/S
pe

ak
er

)

1
2

3
4

5
6

0.0

0.5

1.0

1.5

2.0

2.5

0.00 0.25 0.50 0.75 1.00

Normalized Time

R
ou

gh
ne

ss
 (A

sp
er

)

1
2

3
4

5
6

−250

0

250

500

750

0.00 0.25 0.50 0.75 1.00

Normalized Time

F0
 (C

en
ts

 re
. m

ed
ia

n 
F0

/S
pe

ak
er

)

1
2

3
4

5
6


