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Phonetic Variation of Voiceless Nasals in Drenjongke (Bhutia)＊

GUILLEMOT,	Céleste	
LEE,	Seunghun	J.

Voiceless	nasals	 in	Drenjongke	 (Bhutia),	 a	Tibeto-Burman	 language,	are	
innovative	segments	that	display	variable	realizations,	not	found	in	neighboring	
languages.	In	this	paper,	we	present	novel	acoustic	data	that	allows	to	identify	
four	distinct	phonetic	realization	patterns	for	voiceless	nasals.	Building	upon	
the	gestural	model	(Browman	and	Goldstein	1986,	1992),	we	analyze	these	
variations	by	considering	differences	in	relative	gesture	timing.	Furthermore,	
we	propose	that	temporal	restrictions	on	the	timing	of	nasal	and	laryngeal	
gestures	such	that	nasals	do	not	immediately	follow	laryngeals.	This	gestural	
restriction	is	supported	by	cross-linguistic	data	which	show	that	the	sequence	
of	nasality	and	laryngeal	gesture	should	be	in	that	order,	but	not	vice	versa.	
The	innovative	circumstances	of	voiceless	nasals	 in	Drenjongke	provided	a	
testing	ground	to	understand	how	phonetic	variations	reveal	 the	nature	of	
phonological	processes	underlying	a	phonological	target	(i.e.	voiceless	nasals).
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1. Introduction

Voiceless	nasals	have	an	‘unusual’	nature,	in	which	nasal	sounds	with	inherent	voicing	
are	 produced	 as	 voiceless	 sounds.	 Acoustic	 studies	 such	 as	 Bhaskararao	 and	 Ladefoged	
1991	present	a	phonetic	typology	of	voiceless	nasals	demonstrating	two	different	phonetic	
realizations	for	voiceless	nasals,	 the	first	one	consists	 in	a	voiceless	portion	followed	by	a	
voiced	one,	and	the	second	is	realized	without	voicing,	which	they	call	respectively	Type	1	
and	Type	2.	Subsequent	studies	have	advanced	our	understanding	of	the	phonetic	nature	
of	 voiceless	 nasals;	 they	 are	 nasal	 sounds	 with	 a	 voiceless	 part.	 Based	 on	 novel	 acoustic	
data	 on	 Drenjongke,	 an	 understudied	 Tibeto-Burman	 language,	 this	 paper	 proposes	 to	
deepen	our	understanding	of	Drenjongke	voiceless	nasals:	Our	data	suggests	that	variable	
realizations	 of	 Drenjongke	 voiceless	 nasals	 are	 constrained	 by	 the	 coordination	 of	 nasal	
gesture	and	glottal	gesture,	in	which	the	glottal	gesture	cannot	precede	the	nasal	gesture.	
This	 is	 further	 supported	by	cross-linguistic	patterns	on	 the	 relationship	between	a	nasal	
and	a	glottal	fricative.

Voiceless	nasals	(also	called	‘breathy’	or	‘aspirated’	nasals)	are	relatively	rare	segments	in	
the	world’s	languages.	Only	about	4%	of	the	451	languages	listed	in	the	UPSID	Database	
(UCLA	 Phonological	 Segment	 Inventory	 Database,	 Maddieson	 1984)	 comprise	 such	
segments	 in	 their	phonological	 inventory	 (Chirkova	2019).	Languages	 in	which	voiceless	
nasals	 are	 contrastive	 are	 much	 less	 common	 (Ohala	 and	 Ohala,	 1993),	 yet	 contrastive	
voiceless	 nasals	 are	 found	 in	 a	 number	 of	 language	 families	 such	 as	 Tibeto-Burman,	
Hmong-Mien,	 Tai-Kadai	 or	 Mon-Khmer	 (Matisoff	 2003,	 Chirkova	 et al.	 2013,	 2019):	
Burmese	(Ladefoged	1971,	Dantsuji	1984,	1986),	Mizo	(Bhaskararao	and	Ladefoged	1991),	
Angami	(Bhaskararao	and	Ladefoged	1991,	Blankenship	et al.	1993),	Xumi	(Chirkova	et al.	
2019),	Sre	(Manley	1972),	Achang	(Dai	1985),	Sui	(Wei	&	Edmondson	2008:	586),	Chadong		
(Li	2008:	598),	Prinmi	(Ding	2014),	Hakha	Lai	(Peterson	2003),	Anong	(Sun	and	Liu	2009)	
and	 Niuwozi	 (Ding	 2003).	 Bantu	 languages	 show	 voiceless	 nasals	 when	 a	 nasal	 prefix	
precedes	 a	 root-initial	 voiceless	 stop	 (Maddieson	 &	 Sands	 2019):	 Sukuma	 (Maddieson	
1991),	 Pokomo	 (E.71)	 and	 Bondei	 (G.24)	 (Huffman	 and	 Hinnebusch	 1998),	 Ikalanga	
(Mathangwane	1998),	as	well	as	Nyarwanda	(Demolin	and	Delvaux	2001).	Voiceless	nasals	
are	also	reported	in	the	Ikema	dialect	spoken	in	Miyako,	Okinawa	in	Japan	(Hayashi	2013).

The	 acoustic	 investigation	 of	 Burmese	 voiceless	 nasals	 by	 Dantsuji	 1984	 led	 to	 the	
conclusion	that	 in	Burmese,	voiceless	nasals	are	composed	of	a	voiceless	nasal	 friction	of	
weak	intensity	at	the	beginning,	and	a	voiced	nasal	portion	with	higher	intensity	at	the	end.	
The	voiced	portion	of	the	voiceless	nasal	is	much	shorter	than	that	of	regular	voiced	nasals,	
such	that	the	durations	of	the	voiceless	and	the	voiced	portions	are	negatively	correlated.	
Based	on	this	finding,	Dantsuji	argues	for	only	one	nasal	phoneme,	which	comprises	both	a	
voiced	and	a	voiceless	part.

Ohala	 and	 Ohala	 1993	 show	 that	 voiceless	 nasals	 are	 only	 ‘half-voiceless’;	 they	 have	
a	 voiced	 nasal	 portion	 in	 the	 end.	 According	 to	 them,	 this	 suggests	 that	 voiceless	 nasals	
lose	 their	place	 feature	during	consonant	constriction.	As	 such,	 they	claim	 that	 the	place	
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of	articulation	of	voiceless	nasals	such	as	[n̥,	m̥,	 ŋ̊]	can	be	differentiated	only	based	on	the	
transitions	in	the	surrounding	vowels.	A	study	by	Ladefoged	and	Maddieson	1996	suggests	
that	in	Burmese,	since	the	glottis	is	mostly	spread	during	the	voiceless	nasal	but	not	in	the	
voiced	nasal,	the	primary	cue	for	the	nasal	voicing	contrast	is	whether	the	glottis	is	spread	
or	not.

What	 these	 studies	point	out	 is	 that	 the	aerodynamics	of	voiceless	nasals	 is	 typically	
binary:	one	part	is	produced	with	nasal	airflow	only	and	the	other	part	exhibits	both	nasal	
and	oral	airflow.	Bhaskararao	and	Ladefoged	1991	and	Blankenship	et al.	1993	identify	two	
distinct	types	of	voiceless	nasals.	In	Figure	1,	reproduced	from	Bhaskararao	and	Ladefoged	
1991,	 the	 voiceless	 nasal	 begins	 with	 nasal	 airflow	 with	 no	 oral	 airflow.	 Just	 before	 the	
production	of	the	vowel,	the	nasal	airflow	abruptly	decreases,	and	the	oral	airflow	increases.

This	Type	1	voiceless	nasal	 in	Figure	1	 is	 the	kind	of	voiceless	nasal	 that	 is	 typically	
observed	 in	 Burmese	 (spoken	 in	 Myanmar)	 or	 Mizo	 (spoken	 in	 Mizoram,	 India).	 It	
involves	 a	 two-step	 process.	 First,	 oral	 airflow	 is	 blocked	 by	 the	 tongue	 tip	 against	 the	
alveolar	 region,	 the	 velum	 is	 lowered	 to	 allow	 a	 peak	 in	 nasal	 airflow	 and	 the	 glottis	 is	
spread.	Second,	the	vocal	folds	gradually	become	closer	to	generate	glottal	vibration	while	
the	velum	becomes	raised	and	the	tongue	tip	lowered,	thus	decreasing	nasal	airflow	while	
increasing	oral	airflow.	This	second	part	 in	the	articulation	of	voiceless	nasals,	whether	 it	
be	lowering	the	tongue	tip	for	alveolars,	or	opening	the	mouth	for	labials,	or	lowering	the	
velum	 for	 velars,	 enables	 formant	 transition	 information	 to	 cue	 the	 place	 distinctions	 in	
voiceless	nasals	(cf.	Ohala	and	Ohala	1993).

Unlike	Type	1	voiceless	nasals	 that	are	produced	with	a	two-step	process,	 the	second	
type	of	voiceless	nasals	in	Figure	2	is	produced	in	a	single	step.	Voiceless	nasals	in	Angami	
(spoken	 in	Nagaland,	India)	 show	no	voicing	 throughout	 their	production.	The	acoustic	
signal	 shows	 glottal	 vibration	 due	 to	 the	 spread	 glottis,	 but	 place	 distinctions	 between	
voiceless	nasals	can	still	be	made	based	on	the	varying	degree	of	nasal	airflow	(Bhaskararao	
&	Ladefoged	1991).	The	first	portion	of	the	articulation	sees	nasal	air	flow	increase	to	reach	
a	peak,	which	then	progressively	decreases	during	the	second	part,	while	a	sudden	increase	
in	oral	air	flow	indicates	the	release	of	the	closure.

Figure 1  An illustration of Type 1 voiceless nasal, from 
Bhaskararao and Ladefoged 1991
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The	 emergence	 of	 voiceless	 nasals	 is	 often	 attributed	 to	 a	 diachronic	 sound	 change	
where	a	consonant	+	nasal	(Cn)	cluster	turns	into	a	voiceless	nasal	(Ohala	and	Ohala	1993).	
In	 Burmese,	 voiceless	 nasals	 probably	 originate	 from	 the	 historic	 /s/+nasal	 cluster:	 [n̥a]	
‘nose’	in	Burmese	corresponds	to	sna	in	orthographic	Tibetan.	Sturtevant	1940	reconstructs	
*sn	and	*sm	 for	 the	voiceless	nasals	 [n̥]	 and	 [m̥]	 in	Primitive	Greek,	 as	does	Thurneysen	
1946	when	reconstructing	proto	forms	for	voiceless	nasals.	Ohala	and	Ohala	1993	find	 in	
these	diachronic	explanations	that	a	sonorant	that	 loses	 its	voicing	becomes	similar	to	an	
obstruent,	e.g.,	a	fricative.	In	two-step	articulation	cases,	they	argue	that	when	a	[-sonorant]
[+sonorant]	sequence,	where	the	[-sonorant]	part	 is	a	 fricative,	 is	substituted	for	a	similar	
[-sonorant][+sonorant]	sequence,	then	the	[-sonorant]	part	is	a	voiceless	nasal.

Voiceless	nasals	may	emerge	from	consonant	clusters	even	if	the	first	segment	is	not	the	
sibilant	/s/.	Nishida	1970,	1975	hypothesizes	that	Burmese	voiceless	nasals	derive	from	*Cn	
clusters	based	on	comparisons	with	early	Tibetan	forms.	Data	in	Table	1	demonstrates	that	
some	voiceless	nasals	in	Burmese	stem	from	consonant	clusters	such	as	*sn-,	*gn-	or	*rn-.

Examples	 from	 Icelandic	 in	 Jessen	 and	 Péturrsson	 1998	 also	 suggest	 that	 voiceless	
nasals	can	arise	from	non-sibilant	sounds.	The	Icelandic	voiceless	nasals	in	(1)	show	that	a	
historic	*kn	cluster	corresponds	to	a	voiceless	nasal.

(1)	 Voiceless	nasals	in	Icelandic	and	cognates	in	German
	 a.	Icelandic			[n̥iːvʏr]			‘knife’																								[n̥jeː]			‘knee’
	 b.	German				[knif]					‘knife	(low	German)’			[kni]				‘knee’

Figure 2  An illustration of Type 2 voiceless nasal, from Bhaskararao 
and Ladefoged 1991

Table 1  Comparison between Proto Tibeto-Burman form and Burmese 
written form. Superscripts mark tonal categories. The entry numbers of 
PTB Forms are based on STEDT1).

gloss Proto	Tibeto	Burman	
(PTB)

written	Burmese

‘to	give’ *g/s-naŋ	(#5820) hnang2 (high	tone)
‘to	borrow’ *r/s-ŋ(y)a	(#2541) hnga2 (high	tone)
‘nose’ *s-na	~	*s-naːr	(#803) hna (low	tone)

1)	 The	Sino-Tibetan	Etymological	Dictionary	and	Thesaurus	(https://stedt.berkeley.edu/)
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Although	a	variety	of	 studies	 investigate	 the	acoustic	properties	of	 these	 sounds,	 the	
issue	 of	 the	 phonological	 interpretation	 of	 voiceless	 nasal	 is	 still,	 as	 far	 as	 we	 are	 aware,	
left	 unsolved.	 Indeed,	 the	 two-step	 articulation	 of	 these	 consonants	 raises	 the	 issue	 of	
whether	they	should	be	treated	as	a	single	segment	with	a	single	feature	or	a	cluster	of	two	
distinct	entities	with	two	separate	phonological	features	(cf.	Ohala	and	Ohala	1993:	233).	
The	 widespread	 view	 treats	 voiceless	 nasals	 as	 a	 single	 phoneme	 (Cornym	 1944,	 Sprigg	
1965,	Okell	1969,	Nishida	1972,	Dantsuji	1984	among	others);	voiceless	nasals	are	voiceless	
segments	 with	 a	 low-level	 phonetic	 rule	 inserting	 voicing	 at	 the	 end	 (Bhaskararao	 and	
Ladefoged	1991).	An	opposing	view	is	found	in	McDavid	1945	who	proposes	that	voiceless	
nasals	 should	 be	 regarded	 as	 consonant	 clusters,	 since	 diachronic	 changes	 indicate	 that	
voiceless	nasals	have	emerged	from	consonant	clusters,	but	McDavid’s	proposal	results	in	
confounding	diachronic	evidence	with	synchronic	phonological	patterns.

The	 present	 study	 has	 several	 goals.	 The	 first	 is	 a	 report	 on	 fieldwork	 data	 of	
production	 of	 voiceless	 nasals	 in	 Drenjongke,	 an	 understudied	 Tibeto-Burman	 language	
(Namgyal	 et al.	 2020).	 The	 acoustic	 characteristics	 of	 voiceless	 nasal	 consonants	 show	
inter-	and	intra-speaker	variation	regarding	the	realization	of	glottal	frication	and	nasality.	
Building	 upon	 the	 Gestural	 Model	 (Browman	 and	 Goldstein	 1986),	 we	 claim	 that	 this	
phonetic	 variation	 can	 be	 accounted	 for	 by	 a	 difference	 in	 the	 relative	 timing	 of	 the	
different	 gestures	 involved	 in	 the	 articulation	 of	 voiceless	 nasals	 (i.e.,	 velic	 and	 glottal	
aperture).	 The	 second	 goal	 is	 proposing	 a	 restriction	 concerning	 the	 gestural	 timing	
between	the	velic	aperture	and	the	glottal	aperture.	We	argue	that	at	least	in	Drenjongke,	
the	glottal	aperture	cannot	precede	the	velic	aperture	in	the	production	of	voiceless	nasals.	
We	support	our	claim	about	this	restriction	by	examining	phonotactics	of	cross-linguistic	
data	from	English,	French,	and	Korean	among	others.

The	remainder	of	this	paper	is	organized	as	follows.	After	reviewing	the	phonological	
inventory	 of	 Drenjongke	 with	 a	 focus	 on	 previous	 studies	 on	 voiceless	 nasals,	 section	 2	
shows	an	analysis	of	novel	Drenjongke	acoustic	data.	Section	3	 is	 an	attempt	 to	account	
for	 the	 phonetic	 variation	 observed	 in	 the	 realization	 of	 Drenjongke	 voiceless	 nasals	 by	
proposing	an	articulatory	phonology	analysis	within	the	gestural	model	framework	(Browman	
and	Goldstein,	1986).	The	discussion	in	section	4	addresses	the	issue	of	directionality	biases	
in	fricative-sonorant	clusters	and	also	examines	cross-linguistic	phonotactic	patterns.

2. Voiceless Nasals in Drenjongke

2.1 Drenjongke Phonology
Drenjongke	 (also	 known	 as	 “Bhutia”,	 “Hloke”	 or	 “Sikkimese”),	 is	 a	 Tibeto-Burman	

language	 spoken	by	 about	 80,000	 speakers	 in	 the	 state	 of	 Sikkim,	 in	 the	 north	 of	 India.	
Impressionistic	 descriptions	 of	 the	 phonological	 inventory	 of	 the	 language	 have	 been	
provided	in	van	Driem	2016	and	Yliniemi	2005,	2019.	Acoustic	and	articulatory	properties	
have	been	investigated	in	detail	in	a	series	of	papers	which	main	findings	are	summarized	
in	Namgyal	et al.	2020.
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As	presented	in	Figure	3,	a	chart	of	Drenjongke	consonants	reproduced	from	Namgyal	
et al.	2020,	plosives	have	four	places	of	articulation	(bilabial,	alveolar,	retroflex	and	velar).	
Together	with	affricates	they	exhibit	a	four-way	laryngeal	contrast,	which	was	investigated	
in	 Lee	 et al.	 2019a,	 2019b.	 Namely,	 they	 can	 be	 voiceless,	 aspirated,	 voiced	 and	 voiced	
aspirates	 (also	 called	 devoiced2)).	 For	 fricatives	 on	 the	 other	 hand,	 only	 three	 laryngeal	
categories	can	be	observed	(voiceless,	voiced,	voiced	aspirates),	as	presented	in	Guillemot	
et al.	2019a.	The	articulatory	properties	of	retroflex	consonants	have	been	investigated	with	
ultrasound	data	in	Lee	et al.	2019c	and	Guillemot	et al.	2020.

Drenjongke	has	5	 short	 and	8	 long	vowels,	which	are	 contrastive,	 and	differ	both	 in	
terms	of	duration	and	quality	(van	Driem	2016).	A	remarkable	property	in	Drenjongke	long	
vowels	 is	 that	 their	phonetic	 realization	 is	 subject	 to	variations	(e.g.,	alternation	between	
long	 vowel	 and	 vowel	 with	 a	 coda	 consonant	 inserted),	 a	 phenomenon	 that	 has	 been	
specifically	investigated	in	Lee	et al.	2019d	and	Guillemot	et al.	2019b.

Lastly,	tone	is	contrastive	in	syllables	with	a	vowel	only	or	with	a	nasal	onset;	Drenjongke	
has	 a	 two-tone	 system,	 high	 and	 low.	 Syllables	 can	 also	 be	 high	 or	 low	 register.	 In	 the	
transcriptions	in	this	paper,	high	tone	is	indicated	by	an	acute	accent,	and	low	by	a	grave	
accent	on	the	vowel.	Tone	patterns	with	laryngeal	categories	are	post-lexical;	a	syllable	with	
an	onset	that	is	a	voiceless	or	an	aspirated	consonant	is	followed	by	a	high	tone,	while	when	

Figure 3  Consonant inventory of Drenjongke, reproduced from Namgyal et al. 2020

2)	 Although	the	literature	usually	tends	to	use	the	term	“devoiced”	in	order	to	reflect	the	historical	
origins	of	the	laryngeal	category	in	the	South	Bodish	language,	based	on	the	results	of	acoustic	
analyses	we	choose	to	use	the	term	“voiced	aspirates”,	following	the	descriptions	in	languages	
with	a	four-way	laryngeal	contrast.
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the	onset	is	a	voiced	and	voiced	aspirate	consonant	it	bears	a	low	tone.	Issues	pertaining	to	
prosody	and	tone	in	Drenjongke	are	discussed	in	Lee	et al.	2018,	2019e	and	2020.

Although	a	preliminary	description	of	the	phonological	 inventory	of	Drenjongke	was	
proposed	in	Yliniemi	2019,	to	the	best	of	our	knowledge,	there	is	no	study	accounting	for	
the	phonetic	characteristics	of	Drenjongke	voiceless	nasals.	The	present	study	aims	to	fill	
this	gap	by	providing	and	analyzing	acoustic	data	for	Drenjongke	voiceless	nasals.

2.2 Voiceless Nasals in Drenjongke
Previous	 impressionistic	 descriptions	 of	 the	 phonological	 inventory	 of	 Drenjongke	

report	 that	 the	 language	 has	 eight	 nasal	 phonemes,	 which	 contrast	 in	 terms	 of	 voicing	
(Yliniemi	2019,	van	Driem	p.c.),	such	as	[+voice]	/m,	n,	ɲ,	ŋ/	and	[-voice]	/m̥,	n̥,	ŋ̊,	ɲ̊/.	While	
voiced	nasals	 can	 be	 found	 in	 word-initial,	word-medial	 and	 in	 coda	 position3),	 voiceless	
nasals	 appear	 only	 in	 word	 initial	 position.	 Yliniemi	 2019	 points	 out	 that	 aspiration	 is	
reduced	in	word-medial	position,	causing	all	 the	“breathy”	phoneme	series	(i.e.,	voiceless	
liquids	and	voiceless	nasals)	 to	not	occur	at	all.	The	distribution	of	/ŋ̊/	and	/ɲ̊/	seems	 to	
be	 complementary	 as	 the	 former	 occurs	 only	 preceding	 non-front	 vowels	 and	 the	 latter	
precedes	front	ones	only4).

The	voicing	contrast	in	nasals	is	illustrated	in	the	minimal	pairs	in	(2)	from	Yliniemi	2019.	
Voiced	nasals	can	bear	either	a	high	or	low	tone	(as	exemplified	in	2a).	However,	voiceless	
nasals,	like	other	voiceless	phonemes	in	Drenjongke,	exclusively	belong	to	the	high	register.

(2)	 Voiced	and	voiceless	nasals	in	Drenjongke
	 a.	labials						/m/	vs.	/m̊/			/mà/	‘mother’										/má/	‘wound											/m̥a/	‘down,	lower’
	 b.	alveolars			/n/	vs.	/n̊/				/nà:/	‘here’														/ná/	‘ear’
	 c.	palatals				/ɲ/	vs.	/ɲ̊/					/ɲìm/	‘sun,	day’								/ɲ̥im/	‘sister-in-law’
	 d.	velars							/ŋ/	vs.	/ŋ̊/				/ŋàk/	[ŋàʔ]‘speech’			/ŋ̥aʔ/	‘invocation’					/n̥a/	‘nose’

Yliniemi	 2019	 describes	 Drenjongke	 voiceless	 nasals	 as	 complex	 segments,	 in	 which	
the	voiced	part	is	preceded	by	the	voiceless	part,	resulting	in	phonetic	realization	of	[m̊m],	
[n̊n],	[ɲ̊ɲ],	and	[ŋ̊ŋ].	This	impressionistic	description	corresponds	to	what	Bhaskararao	and	
Ladefoged	1991	identify	as	a	Type	1	voiceless	nasals	found	in	Burmese	or	Mizo.

Other	sonorants	such	as	the	rhotic	and	the	lateral	in	Drenjongke	also	exhibit	a	similar	
contrast	 in	 word-initial	 position:	 [là]	 ‘pass’	 vs.	 [ɬá]	 ‘deity’	 or	 [ràm]	 ‘be	 broken’	 vs.	 [ɾ̥ám]	
‘break	 (trans.)’	 (Yliniemi	 2019,	 Namgyal	 et al.	 2020).	 These	 sonorants	 are	 described	
as	 having	 realizations	 akin	 to	 the	 nasals	 where	 the	 voiced	 component	 is	 preceded	 by	 a	
voiceless	 part.	 Both	 voiceless	 rhotic	 and	 lateral	 have	 cognate	 sounds	 in	 other	 Tibeto-

3)	 Note	that	the	palatal	nasal	/ɲ/	is	the	only	one	that	does	not	occur	in	the	coda	position	(Yliniemi	
2019).	A	reviewer	pointed	out	 that	 this	distributional	 restriction	of	/ɲ/	 is	common	across	
languages	in	Southeast	Asia,	except	for	the	Austroasiatic	languages.

4)	 The	distribution	of	these	two	voiceless	nasals	may	suggest	that	they	are	variants	of	the	same	
phoneme,	but	further	exploration	is	required	to	establish	the	relationship	between	the	two	sounds.
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Burman	languages	in	the	areas	such	as	Tibetan	and	Dzongkha.	When	comparing	Drenjongke	
with	 these	 other	 languages,	 voiceless	 nasals	 may	 be	 a	 novel	 group	 of	 sounds	 unique	 to	
Drenjongke.	 Acoustic	 results	 reported	 in	 this	 paper	 address	 the	 characteristics	 of	 these	
newly	emerged	sounds.

2.3 Acoustic Analysis of Drenjongke Voiceless Nasals
In	 this	 subsection,	 results	 based	 on	 analyses	 of	 acoustic	 data	 on	 voiceless	 nasals	

recorded	from	twelve	Drenjongke	native	speakers	are	reported.	Drenjongke	speakers	show	
that	they	aim	for	a	phonological	target	for	voiceless	nasals,	but	that	phonetic	realizations	of	
voiceless	nasals	are	variable.	We	were	able	to	identify	and	categorize	at	least	four	different	
realizations:	(I)	voiceless	nasal,	(II)	nasal,	(III)	aspiration	and	(IV)	inversion.	After	describing	
the	data	collection	process,	each	pattern	is	introduced	in	detail.

2.3.1 Data Collection
Data	 collection	 sessions	 for	 the	 analysis	 of	 Drenjongke	 voiceless	 nasals	 are	 based	

on	 recordings	 collected	 in	 Sikkim,	 India	 in	 2018	 and	 2019.	 Twelve	 speakers	 were	
recruited	 by	 the	 local	 coordinators;	 all	 of	 them	 were	 teaching	 Drenjongke	 at	 primary	
or	 secondary	 schools.	 Recordings	 were	 made	 using	 a	 TASCAM	 Linear	 PCM	 Recorder	
(DR-100MK	III)	and	Shure	WH30-XLR	head-worn	microphone	with	a	44.1	kHz	sampling	
frequency.	Participants	were	asked	 to	 take	part	 in	 a	 reading	 task.	Stimuli	were	presented	
on	 powerpoint	 slides	 in	 English	 to	 the	 participants,	 who	 had	 to	 translate	 them	 to	 the	
corresponding	Drenjongke	word	in	a	frame	sentence	(/ŋa	X	lap	to	ĩ/,	‘I say X.’)7).	A	set	of	
randomized	wordlists	was	recorded	five	times.	All	stimuli	are	listed	in	Table	2	below.

Table 2  Experiment stimuli with voiceless nasals5)

Drenjongke Gloss POA
m̥e ‘lower’ labial
n̥abe ‘pillow’ alveolar
n̥o ‘snot’	[Lachen	dialect] alveolar
ɲ̊ap6) ‘to	claim,	seize’ palatal
ɲ̊a ‘borrowed’ palatal
ɲ̊eː ‘trap’ palatal
ɲ̊ik ‘to	squeeze’ palatal
ɲ̊ima ‘impure’ palatal
ŋ̊aːle ‘early’ velar

5)	 A	reviewer	pointed	out	that	 the	dataset	has	a	bias	toward	palatal	sounds.	The	frequency	of	
voiceless	nasals	is	not	high,	and	our	consultants	came	up	with	examples	that	were	biased	toward	
palatals.	The	recordings	of	this	data	are	available	online	by	accessing	the	project	archive	website	
(PhoPhoNO	Digital	Archive	2020).

6)	 /ɲ̊ap/	and	/ɲ̊a/do	not	pattern	with	the	description	 in	Yliniemi	2019,	as	he	reports	 that	/ɲ̊/	
should	be	preceding	front	vowels	only.	However,	this	data	was	provided	to	one	of	the	project	
collaborators	by	native	speakers.

7)	 Recordings	took	place	after	a	training	session	during	which	participants	checked	the	meaning	
of	the	English	words	with	the	experimenter.
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The	 data	 obtained	 from	 the	 recordings	 was	 processed	 using	 a	 series	 of	 Praat	 scripts	
(Boersma	 and	 Weenink	 2020).	 Boundaries	 for	 preceding	 and	 following	 vowels	 of	 target	
sounds	were	annotated	manually.	The	preceding	vowel	in	the	frame	sentence	was	fixed	as	[a].

Errors	 found	 in	 the	 data	 (e.g.,	 the	 speaker	 did	 not	 produce	 the	 intended	 word,	
recording	noise)	were	 excluded	manually.	Note	 that	 the	 experimental	methodology	 (i.e.,	
words	presented	in	English	only)	is	inherently	responsible	for	the	accuracy	errors,	as	not	all	
speakers	were	familiar	with	the	stimuli	words.	One	speaker	was	excluded	of	the	dataset	due	
to	his	 low	accuracy.	On	 the	other	hand,	 variability	being	often	observed	 in	 the	phonetic	
realization	 of	 Drenjongke	 codas	 (e.g.,	 alternation	 between	 glottal	 stop	 and	 long	 vowel;	
Yliniemi	2019,	Lee	 et al.	 2019d,	words	which	diverging	 realization	could	be	attributed	 to	
phonetic	variation	were	included	in	the	dataset	for	analysis.

2.3.2 Results
The	analysis	of	the	data	obtained	from	our	recordings	suggests	that	there	is	no	unique	

phonetic	realization	of	the	voiceless	nasal	in	Drenjongke	but	at	least	four	different	patterns:	
(i)	 a	 voiceless	 nasal	 corresponding	 to	 Bhaskararao	 and	 Ladefoged	 1991’s	 Type	 1	 that	
articulates	 the	 nasality	 at	 the	 end	 of	 glottal	 frication,	 (ii)	 a	 nasal	 without	 voicelessness,	
(iii)	glottal	frication	but	no	nasality	on	the	consonant	portion,	and	(iv)	an	inversion	in	the	
consonantal	portion:	a	voiced	nasal	consonant	followed	by	glottal	frication.	In	addition,	we	
observed	intra-speaker	and	inter-speaker	variations	(see	Table	3).	That	is,	a	single	speaker	
can	 produce	 several	 different	 phonetic	 realizations	 for	 the	 same	 phoneme,	 sometimes	
across	 repetitions	 of	 the	 same	 word.	 None	 of	 the	 items	 examined	 were	 realized	 with	 a	
single	 pattern	 type	 only.	 While	 the	 phonetic	 realization	 expected	 was	 pattern	 I,	 among	
the	four	patterns	observed,	it	was	pattern	II	(i.e.,	the	voiced	nasal)	which	had	the	highest	
frequency.	Inversely,	pattern	III	(i.e.,	aspiration	only)	was	rare.	Moreover,	 there	seems	to	
be	a	 tendency	among	speakers	 to	prefer	 some	pattern	over	 the	others,	with	 inter-speaker	
differences	(e.g.,	pattern	I	and	II	for	SIP053	and	57,	and	pattern	III	and	IV	for	SIP054).

Table 3  Intra-speaker and inter-speaker variations for voiceless nasals

Speaker Gender Pattern	I Pattern	II Pattern	III Pattern	IV Total
SIP048 F 0 9 1 21 31
SIP050 F 0 16 1 21 34
SIP051 F 25 3 2 12 42
SIP052 M 6 24 0 5 35
SIP053 M 14 13 0 0 27
SIP054 M 2 5 9 27 43
SIP055 M 9 13 17 4 43
SIP057 M 22 17 1 2 42
SIP058 M 12 13 0 9 34
SIP071 F 0 15 4 3 22
SIP072 F 20 13 1 0 34
Total 110 141 36 100 395
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The	 first	 pattern	 corresponds	 to	 what	 Bhaskararao	 and	 Ladefoged	 1991	 describe	 as	
a	 Type	 1	 voiceless	 nasal.	 This	 pattern	 is	 represented	 in	 Figure	 4	 produced	 by	 a	 female	
participant.	After	the	vowel	in	the	frame	sentence,	no	voicing	is	observed	on	the	first	part	
of	the	articulation	([h]),	and	the	spectrogram	shows	glottal	frication,	corresponding	to	the	
opening	of	the	glottis	described	by	Bhaskararao	and	Ladefoged.	Although	the	present	data	
does	 not	 include	 nasal	 airflow	 measurements,	 the	 spectrogram	 shows	 aspiration	 coming	
from	the	nasal	cavity	during	articulation.	In	the	second	step	of	the	articulation	(represented	
as	 [m]),	 we	 observe	 a	 voicing	 bar	 at	 the	 foot	 of	 the	 spectrogram	 with	 a	 weaker	 formant	
structure	that	contrasts	with	the	following	vowel	[e].

Figure	5	 illustrates	 the	 second	pattern.	The	 target	 sound	 is	a	voiceless	nasal,	but	 the	

Figure 4  Spectrogram of a voiceless nasal pattern (pattern 
I) that is produced from a voiceless nasal stimulus /m̥e/ in a 
frame sentence by a female speaker (SIP072)

Figure 5  Spectrogram of a voicing pattern (pattern II) that 
is produced from a voiceless nasal stimulus /m̥e/ in a frame 
sentence by a male speaker (SIP058)
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spectrogram	 in	 Figure	 5	 produced	 by	 a	 male	 speaker	 suggests	 that	 no	 glottal	 gesture	
precedes	 the	onset	of	voicing	of	 the	nasal	consonant	([m]);	 that	 is,	 there	 is	no	aspiration	
and	only	the	nasal	portion	remains	in	the	acoustic	signal	making	it	similar	to	voiced	nasals.

In	the	third	pattern,	nasality	is	absent	in	the	consonant	target	and	only	the	aspiration	
is	realized	at	the	target	syllable	onset.	In	Figure	6,	a	voiceless	nasal	is	produced	by	a	male	
speaker;	we	can	observe	a	stronger	frication	in	the	consonant	portion	([h])	with	an	absence	
of	voicing	component,	differing	from	the	first	two	patterns.

The	 last	 pattern	 is	 illustrated	 in	 the	 spectrogram	 in	 Figure	 7	 pronounced	 by	 a	 male	
speaker.	 The	 spectrogram	 shows	 a	 voicing	 bar	 as	 well	 as	 weaker	 formant	 structure	 right	
after	 the	 preceding	 vowel,	 suggesting	 the	 nasal	 sound	 is	 produced	 ([m])	 before	 glottal	

Figure 6  Spectrogram of a voiceless pattern (pattern III) 
that is produced from a voiceless nasal stimulus /m̥e/ in a 
frame sentence by a male speaker (SIP055)

Figure 7  Spectrogram of an inversion pattern (pattern IV) 
that is produced from a voiceless nasal stimulus /m̥e/ in a 
frame sentence by a male speaker (SIP054)
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aperture.	The	onset	of	the	target	word,	annotated	as	[h],	only	shows	strong	glottal	frication	
and	no	voicing:	a	realization	found	also	in	the	third	pattern.

This	pattern	 is	 in	 contrast	with	 the	 first	pattern,	 as	 the	glottal	gesture	 and	 the	nasal	
gesture	are	 reversed.	While	 the	 first	pattern	has	voicelessness	 followed	by	voicing,	 in	 the	
fourth	pattern,	the	voiced	part	of	the	nasal	is	realized	first,	followed	by	the	glottal	gesture.	
It	 is	 also	 in	 contrast	 with	 previous	 descriptions	 of	 the	 voiceless	 nasals	 in	 Drenjongke	
([m̥m],	in	Yliniemi	2019,	for	example),	and	the	phonetic	definitions	(for	Type	1	and	Type	
2)	proposed	by	Bhaskararao	and	Ladefoged	1991,	which	suggest	that	voicelessness	should	
appear	first	in	voiceless	nasals.

2.4 Summary
What	 the	 acoustic	 data	 presented	 in	 section	 2.3	 suggests	 is	 that	 although	 there	 is	 a	

single	 phonological	 target	 (i.e.	 the	 voiceless	 nasal	 consonant),	 its	 phonetic	 realization	 is	
not	uniform.	These	results	raise	a	question	about	phonological	targets	concerning	voiceless	
nasals.	Are	voiceless	nasals	a	 single	phoneme	or	a	consonant	cluster	 (i.e.,	 /h/+/N/)?	Our	
findings	can	be	interpreted	that	Drenjongke	speakers	possess	a	coalesced	double	target	for	
the	phonological	 representation	of	voiceless	nasals.	 If	Drenjongke	 speakers	have	a	 single	
target	for	voiceless	nasals,	we	would	expect	uniform	phonetic	realization	with	no	inversion-
type	pattern,	since	 inversion	 implies	 the	presence	of	a	double	target.	We	also	expect	 that	
intra-speaker	variation	would	be	minimal,	although	inter-speaker	variation	may	occur.	The	
variability	observed	 in	our	data	 can	be	 accounted	 for	only	 if	we	 consider	 the	hypothesis	
that	there	is	a	double	target,	that	is,	a	voiceless	glottal	frication	(i.e.	/h/)	and	a	voiced	nasal,	
and	that	speakers	variably	realize	one,	the	other,	or	both	of	the	targets.

Here	we	take	a	short	excursion	to	voiced	and	voiceless	rhotics	and	laterals	in	Drenjongke.	
The	voicing	contrast	in	rhotics	and	laterals	is	more	stable;	as	far	as	we	know,	no	variations	
are	 observed	 in	 their	 phonetic	 realizations.	 Voiceless	 rhotics	 and	 laterals	 are	 also	 found	
in	 related	 languages	 such	 as	 Tibetan	 and	 Dzongkha	 (van	 Driem	 1992),	 suggesting	 that	
these	sonorants	have	corresponding	reflexes	 in	other	Tibeto-Burman	languages.	A	survey	
of	 forty	 Tibeto-Burman	 languages	 shows	 that	 languages	 can	 have	 voiceless	 rhotics	 and	
laterals	 even	 though	 they	 do	 not	 have	 voiceless	 nasals.	 Voiceless	 nasals	 appear	 to	 be	
innovative	 segments	 in	Drenjongke,	 as	 they	 cannot	be	 found	 in	 adjacent	 languages	 such	
as	Dzongkha	or	Tibetan.	For	example,	 the	Drenjongke	word	for	 ‘pillow’	 is	[ŋ̊abø]	with	a	
voiceless	nasal,	but	‘pillow’	in	Dzongkha	is	[haŋbo].	We	claim	that	the	non-uniformity	of	
the	phonetic	implementation	of	voiceless	nasals	reflects	their	relative	novelty.	It	may	be	the	
case	that	we	are	witnessing	a	sound	change	in	progress,	that	is,	the	process	of	shifting	from	
a	double	target	(patterns	II,	III	and	IV)	to	a	coalesced	single	target	(I)	voiceless	nasal,	with	
analogous	properties	to	similar	segments	in	other	languages.

3. Phonetic Variation in the Realization of Voiceless Nasals

The	 phonetic	 implementation	 of	 Drenjongke	 voiceless	 nasals	 shows	 non-uniformity	
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in	 our	 acoustic	 data.	 This	 raises	 the	 questions	 of	 why	 we	 observe	 such	 variability	 in	 the	
realization	of	these	segments,	and	how	we	can	account	for	this	phenomenon.	The	inter-item	
and	inter-speaker	variation	in	our	results	suggest	that	voiceless	nasals	are	in	the	process	of	
being	lexicalized;	otherwise	we	would	expect	uniformed	phonetic	realizations	of	them.	In	
this	section,	we	attempt	to	account	for	these	variable	phonetic	patterns	in	a	gestural	model	
framework	 (Browman	 and	 Goldstein	 1986,	 1992)	 analysis.	 What	 we	 suggest	 is	 that	 the	
variability	in	the	phonetic	realization	of	voiceless	nasals	can	be	attributed	to	a	difference	in	
the	timing	of	the	gestures	involved	in	their	articulation.

3.1 Voiceless Nasals in the Gestural Model
Further	 insights	 about	 voiceless	 nasals	 that	 display	 four	 variable	 realizations	 can	 be	

gained	 from	 analysis	 based	 on	 articulatory	 phonology.	 Building	 on	 the	 featural	 analysis	
in	 section	 3.1	 as	 a	 representation	 of	 voiceless	 nasals,	 the	 articulatory	 phonology	 analysis	
we	 propose	demonstrates	how	 two	 types	of	 gestures,	 velic	 aperture	 and	glottal	 aperture,	
coordinate	in	generating	voiceless	nasals.

The	 gestural	 model	 in	 articulatory	 phonology	 proposed	 by	 Browman	 and	 Goldstein	
1986,	 1992	 suggests	 that	 phonological	 processes	 originate	 from	 the	 change	 in	 the	 timing	
between	 articulations	 and	 their	 magnitude.	 They	 introduce	 a	 way	 to	 deal	 with	 various	
phonological	 phenomena	 that	 remained	 unexplained	 until	 now	 by	 emphasizing	 the	 link	
between	 the	 phonological	 and	 physical	 structures	 of	 speech	 in	 order	 to	 account	 for	 the	
organization	of	speech	in	‘both	space	and	time’.	In	(relative)	opposition	to	more	traditional	
approaches	to	phonological	representation	and	autosegmental	phonology	(Goldsmith	1976,	
Clements	1980),	in	which	phonological	representations	are	made	based	on	one	(or	several)	
linear	sequences	of	non-overlapping	segments	in	terms	of	tiers,	the	gestural	framework	does	
not	 make	 use	 of	 phonological	 features.	 Instead,	 it	 proposes	 gestures,	 which	 the	 authors	
define	 as	 ‘events	 that	 unfold	 during	 speech	 production	 and	 whose	 consequences	 can	 be	
observed	 in	 the	 movements	 of	 the	 speech	 articulators’,	 in	 order	 to	 represent	 utterances	
phonologically.	If	phonological	patterns	are	different	realizations	of	gestures	that	depend	
on	a	change	in	the	relative	timing	of	each	gesture,	voiceless	nasals	are	good	candidates	for	
examining	the	theory,	because	two	idiosyncratic	gestures	are	at	work	in	the	production	of	
voiceless	nasals.

In	 autosegmental	 theory,	 a	 spreading	 or	 narrowing	 of	 the	 glottis	 corresponds	 to	 the	
presence	 or	 absence	 of	 the	 privative	 [spread	 glottis]	 feature;	 in	 the	 gestural	 model,	 the	
glottal	 movement	 is	 a	 function	 of	 the	 (gradient)	 timing	 and	 magnitude	 of	 the	 glottal	
gesture.	In	Browman	and	Goldstein	1986,	1992’s	analysis,	allophonic	variation	results	from	
the	 overlap	 of	 invariant	 gestural	 units.	 In	 the	 case	 of	 the	 allophonic	 variation	 between	
aspirated	and	unaspirated	stops	in	English,	the	gestural	theory	analyzes	that	the	variation	is	
not	due	to	the	opening	or	the	closure	of	the	glottis	itself,	but	to	the	timing	and	magnitude	
of	the	glottal	opening.	Likewise,	clusters	with	/s/	and	a	following	stop	cannot	be	aspirated	
because	English	has	a	constraint	that	restricts	the	glottal	opening	gesture	in	the	word-initial	
position	to	once	only.
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The	four	patterns	of	variation	in	voiceless	nasals	are	represented	in	Figure	8	based	on	a	
standard	gestural	model	framework.	The	velic	aperture	(VEL)	produces	a	nasal	sound	as	it	
allows	airflow	into	the	nasal	cavity.	The	tongue	tip	(TT)	gesture	and	the	tongue	body	(TB)	
gesture	are	responsible	for	vowel	production	and	place	of	articulation	of	consonants.	The	
lips	gesture	 (LIPS)	 is	 active	when	 labial	 sounds	are	produced,	and	 the	glottalic	 aperture	
(GLO)	gesture	controls	the	opening	of	the	glottis.

Pattern	 I	 represents	 voiceless	 nasals	 of	 Type	 1	 in	 Bhaskararao	 and	 Ladefoged	 1991,	

Figure 8  The four voiceless nasal patterns in the gestural model framework. Adapted from representations in 
Browman and Goldstein 1992 and Steriade 1990
(VEL: velic aperture, TT: tongue tip, TB: tongue body, LIPS: lips, GLO: glottal aperture)
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which	 correspond	 to	 a	 simultaneous	 timing	 of	 the	 velic	 aperture	 and	 glottal	 aperture	
gesture	at	the	beginning.	Towards	the	end	of	the	consonant,	the	glottalic	aperture	gesture	
is	 narrowed	 for	 the	 production	 of	 the	 following	 vowel,	 while	 the	 velic	 aperture	 gesture	
remains	 open	 until	 the	 vowel	 production	 begins.	 In	 pattern	 II,	 the	 glottal	 aperture	
gesture	is	not	present	while	the	glottis	is	narrowly	open	to	produce	the	vibration	typically	
associated	with	nasal	sounds.	In	pattern	III,	the	velic	aperture	gesture	is	deleted,	and	the	
glottal	aperture	gesture	only	is	articulated	as	the	word	onset.	Pattern	IV	shows	an	inversion	
pattern,	as	the	velic	aperture	gesture	precedes	the	glottal	aperture	after	completion	of	the	
tongue	body	gesture	for	the	preceding	vowel.

The	 variation	 in	 the	 realization	 of	 voiceless	 nasals	 shows	 an	 asymmetry	 between	
the	 timing	 of	 the	 velic	 aperture	gesture	 and	 the	 glottal	 aperture	gesture.	While	 the	 velic	
aperture	gesture	may	co-occur	with	the	glottal	gesture,	it	never	is	initiated	after	the	onset	
of	 the	 glottal	 aperture	 gesture.	 We	 propose	 that	 the	 variation	 observed	 in	 Drenjongke	
voiceless	nasals	follows	a	constraint,	in	which	the	velic	aperture	gesture	should	not	follow	
the	 glottal	 aperture	 gesture:	 the	 tautosyllabic	 [hn]	 sequence	 is	 banned.	 If	 Drenjongke	
allowed	 a	 violation	 of	 this	 constraint,	 we	 would	 expect	 to	 see	 variation	 patterns	 where	 a	
preceding	 vowel	 becomes	 aspirated	 or	 where	 a	 following	 vowel	 becomes	 nasalized.	 The	
absence	 of	 these	 two	 patterns	 validates	 our	 proposed	 constraint	 in	 Drenjongke.	 In	 non-
simultaneous	 variations,	 such	 as	 pattern	 IV,	 the	 glottal	 aperture	 gesture	 is	 articulated	
after	a	prosodic	boundary,	further	corroborating	that	Drenjongke	speakers	do	not	favor	a	
contiguous	production	of	the	velic	aperture	and	the	glottal	aperture	gestures.

In	 Dzongkha,	 a	 Tibeto-burman	 language	 spoken	 in	 Bhutan	 and	 closely	 related	 to	
Drenjongke,	the	word	for	‘pillow’	is	[haŋbo].	The	cognate	in	Drenjongke	is	/hŋabø/	[ŋ ̊abø]	
‘pillow’.	 The	 first	 syllable	 with	 the	 /h/+/V/+/ŋ/	 sequence	 in	 Dzongkha	 is	 realized	 with	
a	 voiceless	nasal	 in	 Drenjongke.	 If	 Dzongkha	 also	 follows	 the	 constraint	where	 the	 velic	
aperture	gesture	 should	not	 follow	 the	glottal	 aperture	gesture,	 the	 syllable	 [haŋ]	 avoids	
the	environment	by	the	presence	of	a	vowel	between	the	two	gestures.

4. Articulatory Constraints in Drenjongke and Other Languages

The	variation	patterns	found	in	the	phonetic	realization	of	Drenjongke	voiceless	nasals	
are	proposed	to	be	restricted	by	articulatory	constraints	of	 the	velic	aperture	gesture	and	
the	glottal	aperture	gesture.	Namely,	these	constraints	can	be	interpreted	as	a	directionality	
in	 the	 order	 of	 the	 two	 gestures	 involved	 in	 the	 phonetic	 realization	 of	 voiceless	 nasals.	
This	 idea	 of	 directional	 restrictions	 of	 articulatory	 gestures	 was	 raised	 in	 Browman	 and	
Goldstein	 1986,	 1992.	 They	 argue	 that	 restricted	 sequences	 in	 English	 are	 the	 results	 of	
constraints	 that	 apply	 on	 the	 gestures	 themselves.	 Their	 account	 of	 allophonic	 variation	
of	 English	 aspiration	 is	 an	 example	 of	 a	 constraint	 on	 glottal	 aperture	 gesture:	 only	 one	
glottal	gesture	is	allowed	in	the	word-initial	position.

For	voiceless	nasals,	if	the	two	gestures	were	allowed	to	be	combined	in	any	order,	we	
would	expect	to	find	phonetic	realizations	that	reflect	such	a	free	order	in	languages:	both	
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velic	→	glottal	gesture	 (i.e.	 /nh/	 sequence)	and	glottal	→	velic	 (i.e.	 /hn/sequence)	would	
occur.	On	the	other	hand,	if	an	asymmetry	in	the	realization	of	these	two	features	is	a	norm,	
we	would	 expect	 a	bias	 against	 the	glottal	→	velic	 sequence,	 as	we	 found	 in	Drenjongke	
voiceless	nasals.	This	gestural	bias	would	result	 in	variations	that	rearrange	the	timing	of	
the	gesture	so	that	the	velic	aperture	gesture	precedes	the	glottalic	aperture	gesture,	as	we	
observe	in	the	present	case.

Cross-linguistic	patterns	 suggest	 that	 this	potential	asymmetry	between	 the	velic	and	
glottal	aperture	gestures	is	not	limited	to	Drenjongke;	when	a	nasal	and	a	glottal	fricative	
appear	sequentially	languages	prefer	the	nasal-fricative	sequence	to	the	fricative-nasal	sequence.

Korean	 offers	 an	 interesting	 example	 of	 the	 bias	 against	 /hn/	 sequences.	 An	 /h/	
occurring	 between	 sonorants	 undergoes	 optional	 deletion,	 while	 an	 /h/	 before	 or	 after	
a	 plosive	 becomes	 instead	 an	 aspirated	 segment.	 Underlying	 /h/	 before	 or	 after	 a	 stop	
consonant	merges	 into	 an	 aspirated	 consonant:	 (a)	 after	 a	 stop,	 /pap	 +	 hana/	 [papʰana]	
‘a	bowl	of	rice’,	/kuk	+	hana/	[kukʰana]	‘a	bowl	of	soup’,	and	(b)	before	a	stop	/noh	+	ta/	
[notʰa]	‘to	put	down’,	/noh	+	ko/	[nokʰo]	‘to	put	down	and’.	When	an	/h/	appears	before	
a	sonorant,	 the	/h/	 is	deleted:	/noh	+	 ɨnik’a/	[noɨnik’a]	 ‘because	of	putting	down’.	When		
/h/	appears	after	a	nasal,	either	/h/	is	deleted	or	a	boundary	is	inserted	before	the	glottal	
fricative:	 /pam	 +	 hako/	 [pamaɡo]	 ~	 [pam#haɡo]	 ‘with	 a	 chestnut’	 (Kim-Renaud	 1975,	
Kang	2003,	Kim	2005,	Cha	 et al.	 2005,	Park	2015).	The	 /h/	deletion	environment	 can	be	
comparable	 to	 environments	 that	 trigger	 voiceless	 nasals.	 Korean	 phonotactics	 does	 not	
allow	voiceless	nasals	on	the	surface.	As	such,	/h/	after	a	nasal	can	only	be	realized	after	a	
short	pause,	otherwise	the	/h/	is	deleted.

In	English,	tautosyllabic	sequences	with	/h/	preceding	a	nasal	sound	are	absent	from	
the	 phonotactics.8)	 Sequences	 with	 a	 nasal	 preceding	 an	 /h/	 are	 found	 in	 words	 such	 as	
un-healthy	or	un-happy,	but	the	sequence	is	separated	by	a	morpheme	boundary.	Fricatives	
such	as	/s/	can	precede	nasals	word-internally	in	words	such	as	small	and	snail.

As	for	French,	the	/h/	sound	is	not	part	of	the	French	phoneme	inventory,	and	it	does	
not	have	surface	realization.	Even	so,	restrictions	concerning	nasal	and	fricative	sequences	
are	observed.	Fricatives	in	French	may	appear	after	a	nasal	under	two	conditions:	(a)	nasal-
fricative	sequences	such	as	/ns/,	/ms/,	/nf/,	/mf/	are	only	allowed	when	a	word	boundary	is	
present:	e.g.	bonne soirée	[bɔnswaʁe]	‘good	evening’,	or	(b)	fricatives	may	follow	a	nasalized	
vowel:	 e.g.	 bonsoir	 [bõswaːʁ]	 ‘good	 evening’.	 The	 fricative-nasal	 sequences	 are	 more	
restricted	because	/sn/,	/sm/	clusters	are	banned	in	the	native	French	lexicon,	and	found	
only	in	loanwords	such	as	snowboard	[snobɔʁd],	smiley	[smajle]	or	schnaps	[ʃnaps]	(Dell	1995).

Going	back	to	Drenjongke,	even	though	there	is	variability	in	the	phonetic	realizations,	
we	do	not	 see	any	merger	pattern	(which	would	correspond	 to	a	Type	II	 in	Bhaskararao	
and	Ladefoged	1991’s	description)	but	inversion	(i.e.,	pattern	IV)	or	deletion	of	one	of	the	
gestures	(i.e.,	pattern	II	and	III)	only,	which	shows	that	Drenjongke	speakers	have	a	clear	

8)	 Greenlee	1973,	Hooper	1977,	Smith	1973	and	Ohala	and	Ohala	1993	report	 that	children	
acquiring	English	have	a	tendency	to	make	mistakes	in	the	production	of	/sn/	and	/sm/	clusters	
and	pronounce	them	as	voiceless	nasals	(e.g.	‘Smith’	as	[m̥it]	or	‘sneeze’	as	[n̥id]).
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control	of	the	laryngeal	gesture.	They	are	treating	it	 like	a	sequence	of	gestures	as	if	they	
were	 moving	 from	 a	 two-steps	 progress	 (i.e.,	 /h/+/n/),	 and	 therefore	 voiceless	 nasals	 are	
realized	as	a	Type	I	where	glottis	control	is	still	there.	The	analysis	of	variability	as	different	
realizations	 of	 glottal	 timing	 is	 consistent	 with	 that	 of	 Kingston	 1990	 who	 proposes	
perceptual	reasons	for	articulatory	alignment.

A	 possible	 answer	 to	 the	 question	 of	 why	 the	 phonetic	 realizations	 observed	 in	 our	
data	 match	 Bhaskararao	 and	 Ladefoged	 1991’s	 Type	 I	 (and	 not	 Type	 II)	 can	 be	 found	
based	 on	 the	 proposal	 made	 by	 Silverman	 1996.	 In	 his	 analysis	 of	 voiceless	 nasals,	 he	
claims	that	Type	I	(that	he	calls	“pre-voicelessness”)	is	optimal	articulatorily,	because	it	is	
more	economic	based	on	recoverability.	He	proposes	 three	constraints	 to	account	 for	 the	
variations	in	voiceless	nasals:	economize,	recover	and	overlap.	Based	on	these	constraints,	a	
Type	II	involving	a	merger,	that	is,	a	breathy	nasal,	is	articulatorily	costlier,	which	explains	
why	Type	I	is	preferred.	This	provides	further	support	for	a	view	where	voiceless	nasals	in	
Drenjongke	are	an	on-going	process:	Voiceless	nasals	can	arise	as	a	Type	I	but	not	a	Type	II	
due	to	articulatory	costliness.	This	is	also	why	the	variable	patterns	in	the	current	data	do	not	
include	a	breathy	nasal	“merger”	type.	If	we	consider	a	typology	of	diachronic	change	based	
on	Silverman	1996	we	postulate	that	a	Type	I	voiceless	nasal	would	always	arise	first	(or	as	
a	first	stage).	Type	II	on	the	other	hand	might	arise	later,	or	emerge	from	a	different	process.

Lastly,	while	we	propose	that	differences	 in	glottal	gesture	timing	are	responsible	for	
the	 variations	 observed),	 an	 alternative	 account	 to	 this	 kind	 of	 variability	 is	 offered	 in	
Howe	and	Pulleybank	2001.	In	their	view,	it	is	not	glottal	timing	but	syllable	structure	that	
plays	a	crucial	role.	However,	although	our	data	does	not	dispute	the	argument	presented	
in	Howe	and	Pulleybank	2001;	it	does	also	not	provide	further	evidence	for	it.

5. Conclusion

This	paper	has	presented	new	data	on	voiceless	nasals	from	Drenjongke.	Based	on	the	
analysis	of	 the	acoustic	data,	we	 identified	 four	different	patterns	of	phonetic	 realization	
which	are	subject	to	inter-	and	intra-speaker	variation.	While	the	first	pattern	corresponds	
to	 the	expected	realization	of	a	voiceless	nasal	 segment	based	on	 the	 literature,	 the	 three	
others	 suggest	a	more	complex	 status	of	 these	consonants	 in	 the	phonological	 inventory.	
Pattern	II	and	III	are	characterized	by	the	realization	of	nasality	only	for	the	former	and	
aspiration	only	for	the	latter.	In	the	fourth	pattern,	although	the	phonetic	implementation	
of	 the	voiceless	nasal	 segment	 includes	both	aspiration	and	nasalization,	 these	 appear	 in	
reverse	 order	 compared	 to	 what	 is	 expected,	 that	 is,	 nasality	 precedes	 aspiration.	 These	
four	patterns	were	used	variably	by	 speakers	 in	 their	production	of	 voiceless	nasals,	 and	
although	 some	 preferences	 for	 specific	 patterns	 could	 be	 observed	 among	 speakers,	
no	 speaker	 used	 a	 single	 pattern	 exclusively.	 In	 addition,	 no	 specific	 pattern	 could	 be	
associated	with	a	specific	item,	as	all	four	patterns	could	be	observed	for	each	stimulus.	In	
the	second	part	of	this	paper,	we	attempted	to	account	for	phonetic	variation	by	an	analysis	
of	the	patterns	of	realization	following	the	framework	of	gestural	phonology.
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Drenjongke	has	innovative	voiceless	nasals	that	are	not	found	in	related	languages	in	the	
region.	Our	data	also	suggests	that	voiceless	nasals	are	not	lexicalized	yet	in	Drenjongke	as	
they	have	various	intra-	and	inter-speaker	realizations	in	terms	of	phonetic	implementation	
of	the	phonological	target.	Examination	of	the	four	distinct	variations	within	the	gestural	
phonology	framework	(Browman	and	Goldstein	1986,	1992)	reveals	that	the	glottal	gesture	
can	 occur	 before	 (or	 simultaneously	with)	 the	 velic	 gesture	 in	 Drenjongke,	but	 once	 the	
velic	 gesture	 ends,	 it	 is	 not	 possible	 to	 have	 a	 glottal	 gesture;	 this	 restriction	 limits	 the	
variation	 that	 we	 observe	 in	 our	 data,	 and,	 which	 is	 also	 supported	 by	 cross-linguistic	
examination	of	various	nasal	and	glottal	fricative	sequences	in	a	variety	of	languages.

As	a	final	comment,	we	acknowledge	that	Drenjongke	voiceless	nasals	might	possibly	
be	 characterized	 as	 ‘aspirated’	 nasals,	 rather	 than	 ‘voiceless’	 nasals.	 Detailed	 phonetic	
underpinning	 of	 voiceless	 nasals	 must	 be	 accompanied	 with	 articulatory	 data	 measures	
nasal	airflow	or	vocal	cords	vibration.	Such	data	would	reveal	acoustic	parameters	that	can	
be	used	for	predicting	the	presence	of	voiceless	nasals.	As	this	phonetic	work	is	beyond	the	
scope	of	the	current	paper,	we	defer	these	issues	until	future	work.
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Demolin,	Didier	and	Véronique	Delvaux.	2001.	“Whispery	Voiced	Nasal	Stops	 in	Rwanda.”	Paper	

presented	at	the	32nd	Annual	Conference	on	African	Linguistics.	University	of	California,	Berkeley.
Ding,	Picus	Sizhi.	2003.	“Prinmi:	A	sketch	of	Niuwozi.”	The Sino-Tibetan Languages	(Thurgood,	G.	and	

LaPolla,	R.J.,	eds.),	588–601,	London	and	New	York:	Routledge.
Ding,	Picus	Sizhi.	2014.	A Grammar of Prinmi: Based on the Central Dialect of Northwest Yunnan, China.	

(Brill’s	Tibetan	Studies	Library:	Languages	of	the	Greater	Himalayan	Region.)	xxi.	383.	Leiden:	
Brill.

Esposito,	Christina,	Sameer	U.	Khan,	and	Alex	Hurst.	2005.	“Breathy	Nasals	and	/Nh/	Clusters	 in	
Bengali,	Hindi,	and	Marathi.”	UCLA Working Papers in Phonetics,	104:	82–106.

Fourakis,	Marios	and	Port,	Robert.	1986.	“Stop	Epenthesis	in	English.”	Journal of Phonetics,	14:	197–
221.

Goldsmith,	John	A.	1976.	Autosegmental	Phonology.	MIT	dissertation.
Greenlee.	Mel.	1973.	“Some	Observations	on	English	Initial	Consonant	Clusters	 in	a	Child	Two	to	

Three	Years	Old.”	Papers and Reports on Child Language Development,	6:	97–106.
Guillemot,	Céleste,	Seunghun	J.	Lee,	and	Fuminobu	Nishida.	2019a.	“An	Acoustic	and	Articulatory	

Study	of	Drenjongke	Fricatives.”	Proceedings of the 19th International Congress of Phonetic Sciences,	
Melbourne,	Australia 2019	(Calhoun,	S.,	Escudero,	P.,	Tabain,	M.,	and	Warren,	P.,	eds.),	1179–1183,	
Canberra,	Australia:	Australasian	Speech	Science	and	Technology	Association	Inc.

Guillemot,	Céleste,	Tomoko	Monou,	Shigeto	Kawahara,	and	Seunghun	J.	Lee.	2019b.	“Prosody	Comes	
First?	Phonetic	Realization	of	Long	Vowels	in	Drenjongke.”	Talk	presented	at	the	6th	NINJAL	
International	Conference	on	Phonetics	and	Phonology.	NINJAL.	December	13–15,	2019.

Guillemot,	Céleste,	Seunghun	J.	Lee,	and	Jeremy	Perkins.	2020.	“The	Retroflex	Tongue	Position	in	
Drenjongke	(Bhutia).”	Talk	presented	at	the	2020	Summer	Southeast	Asia	Conference	Program.	
Hankuk	University	of	Foreign	Studies,	Seoul,	Korea,	June	19,	2020.

Hall,	Nancy	Elizabeth.	2003.	Gestures	and	Segments:	Vowel	Intrusion	as	Overlap.	University	of	
Massachusets	dissertation.

Halle,	Morris.	1986.	The Immanent Structure of Speech Sounds.	MIT,	ms.
Halle,	Morris	and	Kenneth	N.	Stevens.	1971.	“A	Note	on	Laryngeal	Features.”	MIT Research Laboratory 

of Electronics Quarterly Progress Report,	101:	198–213.
Harms,	Robert	T.	1973.	Some Nonrules of English.	Bloomington:	Indiana	University	Linguistics	Club.
Hayashi,	Yuka.	2013.	Minami Ryukyuu Miyako Ikema hoogen no bunpoo	[Grammar	of	the	Ikema	variety	

of	Miyako,	a	southern	ryukyuan	language).	Kyoto	University	dissertation.
Howe,	Darin	and	Douglas	Pulleyblank.	2001.	“Patterns	and	Timing	of	Glottalisation.”	Phonology,	

18(1):	45–80.
Huffman,	Marie	K.	and	Thomas	J.	Hinnebusch.	1998.	“The	Phonetic	Nature	of	the	“voiceless”	Nasals	

in	Pokomo:	Implications	for	Sound	Change.”	Journal of African Languages and Linguistics,	19:	1–19.
Iverson,	Gregory	K.	and	Joseph	C.	Salmons.	2003.	“Laryngeal	Enhancement	 in	Early	Germanic.”	

Phonology,	20:	43–74.
Jessen,	Michael	and	Magnús	Petursson.	1998.	“Voiceless	Nasal	Phonemes	in	Icelandic.”	Journal of the 

International Phonetic Association,	28(1):	43–53.
Kang,	Ji-Soo.	2003.	The	Study	on	Variation	and	Phonological	Phenomena	of	 the	Laryngeal	/h/.	

Chungnam	National	Univeristy,	MA	thesis.
Keating,	Patricia.	1988.	“Underspecification	in	Phonetics.”	Phonology,	5(2):	275–292.
Kim,	Chin-Wu.	1970.	“A	Theory	of	Aspiration.”	Phonetica,	21:	107–116.
Kingston,	John.	1990.	“Articulatory	Binding.”	Papers in Laboratory Phonology I	 (Kingston,	J.	and	



126 Journal of Asian and African Studies, Supplement, No. 4

Beckman,	M.E.,	eds.),	406–434,	Cambridge:	Cambridge	University	Press.
Kim,	Ok-Young.	2005.	“A	Study	of	/h/	Deletion	in	Korean.”	Korean Journal of Linguistics,	30(4):	631–650.
Kim,	Hyunsoon.	1997.	The	Phonological	Representation	of	Affricates:	Evidence	from	Korean	and	

Other	Languages.	Cornell	University	dissertation.
Kim-Renaud,	Young-Key.	1975.	“On	h-deletion	in	Korean.”	Journal of Korean Linguistics,	3:	45–64.
Ladefoged,	Peter	and	Ian	Maddieson.	1996.	The Sounds of the World’s Languages.	Oxford	and	Malden,	

MA:	Blackwell	Publishers.
Lee,	Seunghun.	J.,	Hyun	kyung	Hwang,	Tomoko	Monou,	and	Shigeto	Kawahara.	2018.	“The	Phonetic	

Realisation	of	Tonal	Contrast	 in	Dränjongke.”	TAL2018,	Sixth International Symposium on Tonal 
Aspects of Languages:	217–221.

Lee,	Seunghun	J.,	Shigeto	Kawahara,	Céleste	Guillemot,	and	Tomoko	Monou.	2019a.	“Acoustics	of	the	
Four-way	Laryngeal	Contrast	in	Drenjongke	(Bhutia):	Observations	and	Implications.”	Journal of 
the Phonetic Society of Japan,	23(1):	65–75.

Lee,	Seunghun	J.,	Shigeto	Kawahara,	Céleste	Guillemot,	and	Tomoko	Monou.	2019b.	“The	Acoustic	
Correlates	of	 the	Four-way	Laryngeal	Contrast	 in	Drenjongke	Stops.”	Proceedings of the 19th 
International Congress of Phonetic Sciences,	Melbourne, Australia 2019	 (Calhoun,	S.,	Escudero,	P.,	
Tabain,	M.,	and	Warren,	P.,	eds.),	1445–1449,	Canberra,	Australia:	Australasian	Speech	Science	
and	Technology	Association	Inc.

Lee,	Seunghun	J.,	Jeremy	Perkins,	and	Céleste	Guillemot.	2019c.	“A	Preliminary	Ultrasound	Study	of	
the	Retroflex	Contrast	in	Drenjongke.”	Talk	presented	at	the	Seoul	International	Conference	on	
Speech	Sciences	2019.	Seoul	National	University.	November	15–16,	2019.

Lee,	Seunghun	 J.,	Céleste	Guillemot,	Honoka	Asai,	Audrey	Lai,	 and	Kotone	Sato.	 2019d.	 “A	
Preliminary	Study	of	the	Vowel	Length	Contrast	 in	Drenjongke.”	Proceedings of the Thirty-third 
General Meeting of the Phonetic Society of Japan	(PSJ	33).	Seisen	University.	September	28,	2018.

Languages,	217–221.
Lee,	Seunghun	J.	Lee,	Céleste	Guillemot,	Kunzang	Namgyal,	and	Jigmee	Wangchuk	Bhutia.	2019e.	

“Prosodic	Cues	of	Polar	Questions	in	Drenjongke	(Bhutia).”	Talk	presented	at	the	6th	NINJAL	
International	Conference	on	Phonetics	and	Phonology.	NINJAL.	December	13–15,	2019.

Lee,	Seunghun	 J.,	Céleste	Guillemot,	Le	Xuan	Chan,	 and	Mana	Ashida.	 2020.	 “Intonation	of	
Questions	in	Drenjongke	(Bhutia).”	Talk	presented	at	Prosody	and	Grammar	Festa	4.	February	
15–16,	2020,	Kobe	University.

Li,	Jinfang.	2008.	“Chadong,	a	Newly-discovered	Kam-Sui	Language	 in	Guangxi,	China.”	The Tai-
Kadai Languages	(Anthony	V.	N.	Diller,	Jerold	A.	Edmondson,	and	Yongxian	Luo,	eds.),	596–620,	
London	&	New	York:	Routledge.

Lombardi,	Linda.	1990.	“The	Nonlinear	Organization	of	the	Affricate.”	Natural Language & Linguistic 
Theory,	8(3):	375–425.

Lombardi,	 Linda.	 1991.	 Laryngeal Features and Laryngeal Neutralization.	 Amherst,	 MA:	 GLSA	
Publications.

Maddieson,	Ian.	1991.	“Articulatory	Phonology	and	Sukuma	“Aspirated	Nasals”.”	Proceedings of the 
Seventeenth Annual Meeting of the Berkeley Linguistics Society: Special Session on African Language 
Structures:	145–154.

Maddieson,	Ian.	1984.	Patterns of Sounds.	Cambridge	studies	 in	speech	science	and	communication.	
Cambridge:	Cambridge	University	Press.

Maddieson,	Ian.	1984.	“The	Effects	on	F0	of	a	Voicing	Distinction	in	Sonorants	and	their	Implications	
for	a	Theory	of	Tonogenesis.”	Journal of Phonetics,	12(1):	9–15.

Maddieson,	Ian	and	Bonny	Sands.	2019.	“The	Sounds	of	the	Bantu	Languages.”	The Bantu Languages	
(Van	de	Velde,	M.,	Bostoen,	K.,	Nurse,	D.	and	Philippson,	G.,	eds.),	London:	Routledge.

Manley,	Timothy.	M.	1972.	“Outline	of	Sre	Structure.”	Oceanic Linguistics Special Publications,	12:	1–239.
Mathangwane,	Joyce.	1998.	“Aspirates:	Their	Development	and	Depression	in	Ikalanga.”	Journal of 

African Languages and Linguistics,	19:	113–136.
Matisoff,	 James,	A.	2003.	Handbook of Proto-Tibeto-Burman: System and Philosophy of Sino-Tibetan 

Reconstruction.	Berkeley:	University	of	California	Press.
McDavid,	Raven.	I.	1945.	“Burmese	Phonemics.”	Studies in Linguistics,	3(1):	6–18.
Michailovsky,	Boyd	and	Martine	Mazaudon.	1988.	“Lost	Syllables	and	Tone	Contour	in	Dzongkha	

(Bhutan).”	Prosodic	Analysis	and	Asian	Linguistics:	To	Honour	R.	K.	Sprigg.	Pacific Linguistics,	



127Guillemot & Lee: Phonetic Variation of Voiceless Nasals in Drenjongke (Bhutia)

104:	115–136.
Namgyal,	Kunzang,	Seunghun	J.	Lee,	George	Van	Driem,	and	Shigeto	Kawahara.	2020.	“A	Phonetic	

Analysis	of	Drenjongke:	A	First	Critical	Assessment.”	Indian Linguistics,	81(1-2):	1–14.
Nishida,	Tatsuo.	1970.	Seibankan-Yakugo no Kenkyuu	[A	Study	of	the	Tibetan-Chinese	Vocabulary:	Mien-

Tien-Kuan	I-Yu).	Kyoto:	Shokado.
Nishida,	Tatsuo.	1972.	Mentenkan-Yakugo no Kenkyu	 [A	Study	of	 the	Burmese-Chinese	Vocabulary:	

Mien-Tien-Kuan	I-Yu).	Kyoto:	Shokado.
Nishida,	Tatsuo.	1975.	“On	the	Development	of	Tones	in	Tibetan.”	Acta Asiatica	29:	43–55.
Ohala,	 John	J.	1975.	“Phonetic	Explanations	 for	Nasal	Sound	Patterns.”	Nasalfest: Papers from a 

Symposium on Nasals and Nasalization:	 289–316.	Stanford,	CA:	Language	Universals	Project,	
Department	of	Linguistics,	Stanford	University.

Ohala,	John,	J.	and	Manjari	Ohala.	1993.	“The	Phonetics	of	Nasal	Phonology:	Theorems	and	Data.”	
Nasals, Nasalization and the Velum	(Huffman,	M.K,	and	Krakow,	R.A,	eds.),	225–249.	San	Diego,	
CA:	Academic	Press.

Okell,	John.	1969.	A Reference Grammar of Colloquial Burmese.	Oxford	University	Press.
Park,	Seon.	2015.	Phonological	variation	of	Korean	/h/-deletion.	Seoul	National	University	MA	thesis.
Peterson,	David	A.	2003.	“Hakha	Lai.”	The Sino-Tibetan Languages	(Thurgood,	G.	and	LaPolla,	R.	J.,	

eds.),	409–426,	London:	Routledge.
Sagey,	Elisabeth.	1986.	The	Representation	of	Features	and	Relations	 in	Non-linear	Phonology.	

Cambridge,	MA:	MIT	dissertation.
Schein,	Barry	and	Donca	Steriade.	1986.	“On	Geminates.”	Linguistic Inquiry,	17:	691–744.
Silverman,	Daniel.	1996.	“Voiceless	Nasals	 in	Auditory	Phonology.”	Proceedings of the Twenty-second 

Annual Meeting of the Berkeley Linguistics Society: General Session and Parasession on the Role of 
Learnability in Grammatical Theory:	363–374.

Silverman,	Daniel.	1997.	Phasing and Recoverability.	Series:	Outstanding	Dissertations	in	Linguistics.	
New	York,	NY,	USA:	Garland.

Sprigg,	Richard	Keith	1965.	“Prosodic	Analysis	and	Burmese	Syllable	Initial	Features.”	Anthropological 
Linguistics,	7(6):	59–81.

Steriade,	Donca.	1990.	“Gestures	and	Autosegments.”	Papers in Laboratory Phonology	I	(John	Kingston	
and	Mary	Beckman,	eds.),	382–397,	Cambridge:	Cambridge	University	Press.

Steriade,	Donca.	1995.	“Underspecification	and	Markedness.”	The Handbook of Phonological Theory	(John	
Goldsmith,	ed.),	114–174,	Oxford:	Basil	Blackwell.

Sturtevant,	E.	1940.	The Pronunciation of Greek and Latin.	Philadelphia:	Linguistic	Society	of	America.
Sun,	Hongkai	and	Guangkun	Liu.	2009.	A Grammar of Anong: Language Death under Intense Contact.	

Brill’s	Tibetan	Studies	Library	xiv.	Leiden	and	Boston:	Brill.
Thurneysen,	Rudolf.	1946.	A Grammar of Old Irish.	Dublin:	Institute	for	Advanced	Studies.
Trask,	Robert	L.	1996.	A Dictionary of Phonetic and Phonology.	London	and	New	York:	Routledge.
van	Driem,	George	1992.	The Grammar of Dzongkha.	Dzongkha	Development	Dommission.	Royal	

Government	of	Bhutan.
van	Driem,	George.	2001.	Languages of the Himalayas: An Ethnolinguistic Handbook of the Greater 

Himalayan Region, containing an Introduction to the Symbiotic Theory of Language.	Leiden:	Brill.
van	Driem,	George.	2016.	The Phonology of Dränjoke.	ms.
van	Driem,	George,	Seunghun	J.	Lee,	Shigeto	Kawahara,	and	Karma	Tshering.	2017.	Dränjongke.	ms.
Vaux,	Bert	1998.	“The	Laryngeal	Specifications	of	Fricatives.”	Linguistic Inquiry,	29(3):	497–511.
Wei,	James	and	Jerold	A.	Edmondson.	2008.	“Sui.”	The Tai-Kadai Languages	(Diller,	A.V.N.,	Edmondson,	

J.A.	and	Luo,	Y.,	eds.),	585–595.	London	and	New	York:	Routledge.
Wheatley,	Julian	K.	2003.	“Burmese	-	Background,	Phonology,	Word	Classes,	Syntax	(constructions	

and	particles).”	The Sino-Tibetan languages	 (Thurgood,	G.	and	LaPolla,	R.	J.,	 eds.),	London:	
Routledge.

Yliniemi,	 Juha.	2005.	Preliminary	Phonological	Analysis	of	Denjongka	of	Sikkim.	University	of	
Helsinki	MA	thesis.

Yliniemi,	Juha.	2019.	A Descriptive Grammar of Denjongke (Sikkimese Bhutia).	University	of	Helsinki	(with	
Sikkims	University)	dissertation.


