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Zhuang	
•  Zhuang	has	the	largest	number	of	speakers	of	
the	55	official	minority	languages	in	China		

•  Zhuang	is	in	the	Tai-Kadai	family	(Thai,	Laos,	
Vietnam,	Myanmar	&	China)	
•  The	variety	spoken	in	Wuming	is	considered	
the	standard	variety	(Wei	&	Qin,	1980).	
•  There	is	a	vast	degree	of	dialectal	difference	
within	Zhuang.	
• Many	Zhuang	dialects	are	not	mutually	
intelligible.	
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This	talk:	2	Zhuang	dialects	
• Du’an	Zhuang	is	not	mutually	intelligible	with	
Wuming	Zhuang,	mainly	due	to	tonal	
differences.	
• We	ulDmately	aim	to	describe	these	
differences	via	phoneDc	measurement.	

• A	pilot	study	with	a	single	Du’an	Zhuang	
speaker	suggested	contrasDve	phonaDon	
(creaky	vs.	modal)	
•  This	study	seeks	to	check	this	finding	in	2	
dialects,	with	more	speakers.	
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DU’AN	ZHUANG	(DARK)	
WUMING	ZHUANG	(LIGHT)	
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Wuming	Zhuang	Tone	System	(Wei	&	Qin	1980)	
Tone 1 3 5 7	short 7	long 
Chao	(1930) 24 55 35 55 35 
Example [na] [na] [na] [nap] [na:p] 
Gloss ‘thick’ ‘face’ ‘arrow’ ‘to	put	into’ ‘to	be	stuck’ 
Descrip>on rising level rising level rising 
Tone 2 4 6 8	short 8	long 
Chao 31 42 33 33 33 
Example [na] [na] [na] [nap] [na:p] 
Gloss ‘field’ ‘aunt’ ‘meat’ ‘to	bind’ ‘to	turn	in	tax 
Descrip>on falling falling level level level 

unchecked syllables checked syllables 

•  Tones	and	syllable	structures	
•  Tones	1	to	6	only	occur	in	open	syllables	or	with	sonorant	
codas	(unstopped/unchecked	syllables)	

•  Tones	7	&	8	only	occur	with	obstruent	codas	(stopped/
checked	syllables)	
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Acoustic	correlates	of	tone	
•  PhonaDon	and	tone	(cf.	Silverman	1997)	
•  laryngeally	complex	languages	
•  Oto-Manguean	(e.g.	Jalapa	Mazatec,	Garellek	&	KeaDng	2011;	
Triqui	DiCanio	2008;	Quiaviní	Zapotec,	Chávez-Péon	2010),	
NiloDc	(e.g.	Dinka,	Andersen	1993),	Burmese	(Watkins	1997,	
2000,	Lee	2007,	2008,	Gruber	2011),	Green	Mong	(Andruski	&	
Ratliff,	2000,	Andruski	2006),	Chong	(DiCanio	2009),	
Vietnamese	(Honda	2006),	Black	Miao	(Mazaudon	&	Michaud	
2008,	Kuang	2013,	Mazaudon	2014)	

•  DuraDon	
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Tone	as	a	phonological	system	
•  Some	factors	to	consider	in	order	to	establish	a	tonal	system	
•  Pitch	(F0,	in	Hz)	

•  Level	
•  Contour	

•  Phona>on	(Spectral	shape,	H2-H1,	H1-A3	etc.)	
•  Creaky	voice	
•  Modal	voice	
•  Breathy	voice	

•  DuraDon	(in	ms)	
•  Short	vs.	long	

•  [Phonology]	Syllable	types		
•  Unchecked	 	CV,	CVN	 	(N=	sonorants)	
•  Checked		 	CVO	 	(O	=	obstruents)	
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Data	Collection:	Consultants	
•  Five	female	and	three	male	naDve	speakers	of	Wuming	Zhuang	and	four	
female	and	two	male	naDve	speakers	of	Du’an	Zhuang,	all	in	their	20’s,	
were	recorded	in	a	sound	arenuated	booth	at	Guangxi	University	
(Nanning,	Guangxi)	in	2015.		

•  At	the	Dme	of	the	elicitaDon,	the	consultants	communicated	with	their	
relaDves	and	friends	in	their	respecDve	Zhuang	dialect.		

•  In	Nanning,	however,	the	consultants	mostly	used	a	Guangxi	variety	of	
Putonghua.	
•  Putonghua	=	Standard	Chinese		
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Data	Collection:	Procedure	
•  Zhuang	words	were	elicited	using	a	frame	sentence,	presented	in	
Chinese	characters	(but	read	in	Zhuang).	

•  我正在读__这个词		
•  “I	am	reading	this	word	____	now”	

•  Words	in	isolaDon	were	then	elicited	from	a	list	of	Chinese	
characters	to	exclude	possible	tone	sandhi	effects.	

•  The	tones	for	these	words	in	Wuming	Zhuang	and	Du’an	Zhuang	are	
reported,	facilitaDng	the	analysis	(Wei	&	Qin	1980,	Quosheng	1996).	
•  In	many	cases,	the	tone	is	unknown	in	one	dialect.	We	use	a	tone-
classificaDon	procedure	to	assign	tone	to	these	words.		
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Data	Collection		
Tone	Tokens	and	Exclusion	criteria	

•  Monosyllabic	words		
•  Only	monophthongal	vowels	were	included	
•  Onset	consonants	were	limited	to	alveolar,	palatal	and	velar	
obstruents	

•  Nasal	codas	were	included	
•  These	yielded	higher	amounts	of	creakiness	in	the	COVAREP	algorithm	

•  Among	checked	syllables,	only	alveolar	and	velar	stop	codas	were	
included	

•  In	sum	
•  197	words	with	5	repeDDons	
•  985	tokens	in	total	(for	each	speaker)	
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Results	–	F0	(all	speakers)	
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Wei & Qin 1 3 5 7	short 7	long 

Tone 24 55 35 55 35 

Descrip>on rising level rising level rising 

Tone 2 4 6 8	short 8	long 

Chao 31 42 33 33 33 

Descrip>on falling falling level level level 
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Results	–	F0	(T6	high	group,	pink)	
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Results	–	F0	(T6	low	group,	pink)	
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Results	– Covarep	(creakiness)	

N
ov
	1
1,
	2
01
7	

Ps
yc
ho

ac
ou

sD
c	
ro
ug
hn

es
s	a

s	a
	

m
ea
su
re
	o
f	c
re
ak
in
es
s	i
n	
tw

o	
di
al
ec
ts
	

of
	Z
hu

an
g	
(P
er
ki
ns
,	L
ee
	&
	V
ill
eg
as
)	

14	

2 4 6 8S 8L

1 3 5 7S 7L

0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00 0.00 0.25 0.50 0.75 1.00

0.0

0.1

0.2

0.3

0.0

0.1

0.2

0.3

Normalized time

Pro
b. o

f C
rea

kin
ess

WZ01
WZ03

WZ07
WZ08

WZ09
WZ13

WZ14
WZ15

Creakiness Traces by Tone & Speaker for Wuming Zhuang



Results	-	Roughness	
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Tone	2	and	tone	4	(all	
speakers)	
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Summary	– Wuming	Zhuang	
•  AcousDc	methods	are	used	to	further	understand	the	
interplay	between	phonaDon	and	F0,	two	known	phoneDc	
properDes	that	are	related	to	tone.		
•  Creakiness	detecDon	algorithm	
•  Roughness	

•  In	Wuming	Zhuang,	an	instrumental	invesDgaDon	of	F0	
profiles	shows	that	the	speakers	conform	with	earlier	
descripDons	in	Wei	&	Qin	(1980)	
•  There	is	some	evidence	that	tone	2	and	4	in	Wuming	Zhuang	may	
be	disDnguished	by	phonaDon,	measured	by	roughness	but	not	
by	Covarep.	
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Results	–	F0	–	SS	ANOVA	
Du’an	Zhuang									Wuming	Zhuang	

−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

N
ov
	1
1,
	2
01
7	

Ps
yc
ho

ac
ou

sD
c	
ro
ug
hn

es
s	a

s	a
	

m
ea
su
re
	o
f	c
re
ak
in
es
s	i
n	
tw

o	
di
al
ec
ts
	

of
	Z
hu

an
g	
(P
er
ki
ns
,	L
ee
	&
	V
ill
eg
as
)	

18	

−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



F0	Results	Du’an	Zhuang		
(r2	=	0.594	unchecked)	
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Covarep	Du’an	Zhuang		
(unchecked	w/o	nasal	codas	r2	=	0.046,	checked	r2=0.040)		
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Roughness	in	Du’an	Zhuang	
	(unchecked	w/o	nasal	codas	r2	=	0.040,	checked	r2=0.091)	
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Summary	– Du’an	Zhuang	
•  The	creakiness	detecDon	algorithm	and	
roughness,	coupled	with	the	F0	contour,	shows	
that	F0	and	not	creakiness	is	consistent	within	
tones	across	speakers.	

•  This	implies	that	F0	and	not	creakiness	is	
contrasDve	in	the	tonal	system	of	Du’an	
Zhuang.	
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Conclusion	
•  AcousDc	methods	(such	as	creakiness	detecDon	algorithm	and	
roughness)	are	used	to	further	understand	the	interplay	
between	phonaDon	and	F0	

•  A	staDsDcal	method	(SSANOVA)	visualizes	curves	(F0	and	
creakiness	detecDon)	and	facilitates	comparisons	between	
mulDple	occurrences	of	these	curves.	

•  In	Zhuang	dialects,		
•  Roughness	suggests	that	creakiness	may	play	a	role	in	the	
Wuming	Zhuang	tone	system.	

•  F0,	and	not	creakiness	is	contrasDve	in	the	Du’an	Zhuang	tone	
system	(except	for	one	speaker	in	our	pilot	study)	
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Creakiness		
Detection	
Algorithm	
(Covarep)	
•  a	composite	method	used	to	measure	creakiness	
•  creakiness	is	esDmated	every	10	ms	using	the	method	in	Degorex	et	al.	(2014).		
•  the	algorithm	effecDvely	determines	the	odds	of	a	frame	being	creaky	based	on	

a	combinaDon	of	acousDc	features		
•  the	difference	between	the	first	two	harmonics	(H2-H1)	
•  F0	contour	
•  residual	peak	prominence	
•  a	group	of	features	used	by	Ishi	et	al	(2008)	
•  including	inter-pulse	similarity,	intra-frame	periodicity	

•  To	minimize	false	posiDves,	three	measures	are	included	
•  normalized	signal	energy,	number	of	zero-crossings,	variance	in	the	very	short-term	

power	contour	

•  The	results	are	given	by	an	ArDficial	Neural	Network	(ANN)	trained	with	
creakiness	manually	labeled.		

0.0

0.1

0.2

0.3

0.00 0.25 0.50 0.75 1.00

Normalized time

Pr
ob

. o
f C

rea
kin

es
s

1
3

5
2

4
6

Creakiness Traces for Unchecked Tones − Speaker DZ00

N
ov
	1
1,
	2
01
7	

Ps
yc
ho

ac
ou

sD
c	
ro
ug
hn

es
s	a

s	a
	

m
ea
su
re
	o
f	c
re
ak
in
es
s	i
n	
tw

o	
di
al
ec
ts
	

of
	Z
hu

an
g	
(P
er
ki
ns
,	L
ee
	&
	V
ill
eg
as
)	

28	



Roughness	
•  A	psychoacousDc	arribute	of	a	sound	
•  elicited	by	rapid	changes	in	the	temporal	envelop	of	a	sound	
(between	15–300Hz,	approximately)		

•  has	its	maximum	at	about	70Hz.	

•  When	two	frequency	components	are	sufficiently	close,	their	
interacDon	is	perceived	as	rougher	than	otherwise	separated	
frequency	components.		

•  The	roughness	unit	may	shed	light	on	what	listeners	are	
hearing	when	it	comes	to	phonaDon	types	such	as	creakiness.		
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SSANOVA	

•  A	similar	methodology	was	used	in	analyses	of	the	lingual	and	
labial	arDculaDon	of	whistled	fricaDves	(Lee-Kim	et	al.	2014)	

•  F0	contours	and	larynx	height	for	Mandarin	tones	(Moisik	et	
al.	2013)	

•  Fit	smoothing	spline	ANOVA	models	
in	Gaussian	regression	(Gu	2014)	
•  F0,	roughness,	and	creakiness	are	
explained	by	the	factors	Tone	(6	
unchecked	Zhuang	tones)	and	normT	
(the	normalized	duraDon	of	each	
token),	and	their	interacDon	

•  We	used	a	Restricted	Maximum	
Likelihood	(REML)	method	with	the	
default	smoothing	parameters	given	
by	the	R	library.	
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Examples	–	Tone	2	&	Tone	4	
•  Creakiness	can	be	observed	as	irregularly	spaced	gloral	pulses	
	
Modal	tone	2	“ears”	 	 	vs.							Creaky	tone	4	“meeDng”	
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Part	II	–	Data	Collection	
• Consultants		
•  Two	male	speakers	and	four	female	naDve	speaker	of	
Du’an	Zhuang	in	their	early	20’s	were	recorded	in	a	
sound-arenuated	booth	at	Guangxi	University,	
Nanning,	China	in	Dec.	2015.	

•  The	speakers	were	bilingual	Du’an	Zhuang/Mandarin	
speakers	and	spoke	regularly	with	their	family	in	Du’an	
Zhuang.	They	grew	up	in	Du’an.	
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