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The Role of Pitch, Duration, and Lexi-
cal Tone in the Production of Voiced 
and Voiceless Burmese Nasals
Ludwig Adisiswoyo 

Linguistics, University of California, Santa Barbara

Abstract
Burmese is a language of South-East Asia featuring a contrast 
between voiced and voiceless nasals. Voicing is an articulato-
ry phenomenon involving the vibration of vocal folds and is the 
mechanism behind contrastive sounds in English such as /p/-/b/ 
and /t/-/d/. This contrast pertains to nasals—a typically voiced 
category including English consonants such as /m/ and /n/—in 
Burmese. I conducted a production study examining acoustic 
properties associated with the voicing contrast in Burmese nasals. 
The results confirmed well attestedpatterns found in the literature 
and includes a novel finding regarding an interaction between 
three factors and its correlation with voicing.
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Introduction
In the world’s languages, sounds may be categorized into percep-
tually distinct units called phonemes that are used to differentiate 
words. Phonemes may be as different as /l/ and /t/, used to distin-
guish the English words lackand tack, or as similar as /t/ and /d/, 
which distinguish pairs of words like toand do. The consonants /t/ 
and /d/ draw on a distinction calledvoicing, which results from the 
timing of vocal fold vibration relative to the production of a con-
sonant. The vocal folds are  located in  the larynx  andmodulate  
airflow  from  the  lungs  during  speech  production. Consonants 
are voiced if the vocal foldsvibrate before the release of the con-
sonant, as in /d/, and are voiceless if vocal fold vibration occurs af-
ter its release, as in /t/.Burmese  is  a  language  of  South-East  Asia  
(spoken  primarily  in  Myanmar)  featuring  a typologically  unusual  
voicing  contrast  between  its  nasals.  Nasals  are  a  group  of  
consonants including the English /m/, /n/, and /ŋ/ (orthograph-
ically represented as ng). They are produced by a  lowering  of  
the  velum,  a  sluggish  articulator  located  at  the  back  of  the  
mouth,  which  when lowered allows for airflow to pass through the 
nasal cavity. This is in combination with gestures of other articula-
tors involved in producing consonants, such as the lips, tongue, 
teeth, and palate. 
In  Burmese,  nasals  are  found  at  four  places  of  articulation,  
the  location  within  the  oral cavity where articulators form a 
constriction for a consonant: 1. Bilabials, which are produced by 
movement  ofthe  lips,  resulting  in  consonants  such  as  /m/  and  
/b/.  2.  Alveolars,  which  involve contact between the tongue tip 
and the alveolar ridge, a protruded area at the roof of the mouth 
behind the teeth, and include /t/, /s/, and /n/. 3. Palatals, which 
involvecontact between the tongue body and the hard palate, 
and include /ɲ/, the consonant in the middle of Spanish words 
such as baño. 4. Velars, which are produced by contact between 
the back of the tongue and the velum, and include /k/ and /ŋ/. 
Voicing contrast occurs at all these locations in Burmese nasals.
Although  relatively  rare,  voiceless  nasals  have  been  observed  
in  various  regions  of  the world, with concentrations in South-East 
Asia, Central America, the Pacific Northwest, and even in Icelan-
dic. Typically, they can be divided into two categories based on 
their timing of voicing (i.e. vocal fold vibration): one consisting of 
two components, a voiceless and voiced phase, and the other 
consisting of only a voiceless phase (Bhaskararao & Ladefoged 
1991). Languages differ in how their voiceless nasals are produced, 
with Burmese falling under the initial category, which are also 
known as pre-aspirated nasals, since they are characterized by a 
noisy  voiceless period followed by a voiced murmur (Chirkova et 
al.2019, Dantsuji 1984, Ladefoged & Maddieson 1996, Maddieson 

1984b, Ohala 1975, Ohala & Ohala 1993)1.Differing articulatory 
constrictions and the resulting airflow from oral and nasal cavities 
mark  the  contrast  between  the  two  nasal  categories.  Most  
descriptions  of  the  voiceless  period within pre-aspirated nasals 
only mention the presence of nasal airflow (Bhaskararao & Lade-
foged 1991, Ladefoged & Maddieson 1996, Ohala 1975, Ohala & 
Ohala 1993). However, the voiceless phase consists of both nasal 
and oral airflow. The articulators remain open for the duration of 
the voiceless phase, only closing for the brief voiced phase pre-
ceding the vowel (Blankenship et al. 1993, Chirkova et al. 2019).  
Following this is the fully voiced segment consisting of only nas-
alairflow. This stands in contrast with fully voiceless nasals (found in 
languages, such as Angami, a language of South-East Asia) also 
known as voiceless aspirated nasals, which actually consist of two 
phases as well (Blankenship et al. 1993, Chirkova et al. 2019). While 
the oral cavity remains closed throughout most of the nasal—thus 
only allowing for nasal airflow—there is an opening of the  artic-
ulatory  stricture  at  the  end  of  the  nasal  resulting  in  a  brief  
partially  voiced  period  with simultaneous oral and nasal airflow. 
The  voiceless  portions  of  these  nasals  do  not  help  convey  
information  about  place  of articulation since the nasal cavity, 
from which the turbulent airflow is released, lacks the capacity 
for  varying  location  or  degree  of  constriction  (Bhaskararao  
&  Ladefoged  1991,  Chirkova  et  al. 2019, Dantsuji 1986, Ohala 
1975). Noise spectrums cannot be generated by cavities leading 
up to the nostril, and the resulting nasal airflow is low in intensity 
(Ohala 1975, Ohala & Ohala 1993). Therefore, listeners cannot 
reliably perceive differences between places of articulation based 
on the voiceless phase alone. The voiceless phase thus mainly 
serves to signal a contrast with voiced nasals. On the other hand, 
the voiced phase serves as a transition to the following vowel and 
signals place  of  articulation  (Bhaskararao  &  Ladefoged  1991,  
Dantsuji  1984,  1986,  Ladefoged  & Maddieson 1996, Ohala 1975, 
Ohala & Ohala 1993). The offglide in the transition to the following 
nasal displays cues characteristic of different points of articulation. 
Dantsuji (1986) segmented the voiced phase into three portions—
onset, murmur, and transition—and found that the murmured and 
transition phases carry formant values indicative of manner and 
place of articulation The present study examines acoustic proper-
ties involved in signaling the contrast between voiced and voice-
less nasals in Burmese, found for example in the minimal pair 
‘tread/step on’ vs. /nɪ́/̃  ‘drive away/banish’. A pilot study suggest-
ed that the presence of the voiceless phase alone is not the only 
cue on which listeners rely to perceive voicing categories. Cues 
such as pitch, the perceptual correlate of fundamental frequen-
cy (the rate of vocal fold vibration), and duration seemed  to  be  
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promising  variables  which  are  equally  important:  preliminary  
data  suggested  that voiceless  nasals  are  produced  with  higher  
pitch  and  are  longer  than  their  voiced  counterparts. Therefore,  
I  also  examined  interactions  between  pitch  and  duration  to  
assess  the  relative contribution of the two cues to signaling the 
contrast in voicing. An added focus of interest is the fact that pitch 
is also used to signal tone contrasts between words in Burmese. For 
example, the word မမ မမ/m ̥á/ ‘wrong/incorrect’ is  produced  
with  a  high  toneand  the  word မမ /m ̥à/ ‘locative; order (sth)’ is 
produced with a low tone. The use of pitch both to help convey 
contrasts in voicing of  nasals  and  also  to  mark  tonal  contrasts  
in  vowels  raises  questions  about  its  capacity  (or “functional 
load”) to signalboth types of contrasts.

Autonomy 
This  production  experiment  focuses  on  only  individual  words  to  
limit  the  number  of  variables possibly influencing the results. The 
first step was procuring a list of minimal pairs to present to speak-
ers.  I  mainly  sourced  words  from Judson’s English and Burmese 
dictionary(Judson  & Stevenson  1953)  and  the  Burmese  index  
on  wiktionary  (Index:Burmese  in Wiktionary).  The results  were  
67 tokens  containing  nasals,  with  21 minimal  pairs.  Of  the  67  
tokens,  53  occurred word-initially and 14 were in word-medial 
position. Words were varied in terms of the place of articulation  
of  the  nasal  (bilabial,  alveolar,  palatal,  velar)  and  the  tone  
category  (high,  low, checked,  and  creaky).  No  voiced  equiv-
alents  were collected  for  the  word-medial  tokens  and  so they  
were discarded from the analysis. Twenty-three more multisyllabic 
words with voiced and voiceless tokens in similar medial environ-
ments were also used as fillers. Following  this,  I  consulted  a  na-
tive  Burmese  speaker  to  verify  that  all  the  tokens  were likely to 
be recognized by Burmese speakers as words, resulting in 1 medial 
voiceless nasal and 8 filler nasal tokens being discarded. Overall, 
81 tokens were randomly sorted over four iterations, resulting in 
324 total tokens. I recorded four speakers reading from this list on 
a Marantz pmd 660 solid-state recorder and an AKG 51/SHER c520 
headworn condenser microphone. In total, there were 1296 data 
points. Of these, 416 tokens were left out of the analysis due to 
them being fillers, occurring  in  medial  position  (since  there  is  no  
comparison  with  voiced  equivalents),  or  being errors, leaving 
a total of 880 data points. Nasals occurring in words targeted for 
analysis were segmented using Praat (Boersma and Weenink  2020)  
into  three  relevant  phases:  voiceless  segment,  voiced  seg-
ment,  and  following vowel. The segmentation is illustrated in Fig-
ures 1a, which contains a spectrogram and an overlaid pitch trace 

(the red line) for a voiced nasal,and 1b, which depicts a voiceless 
nasal. I ran a Praat script  gathering  duration  measurements  for  
each  phase  alongside  pitch  measurements  at  the beginning, 
medial, and ending points of each phase. Pitch measurements 
were taken at the three points within each phase to provide a 
representation of the time course of pitch throughout each phase.  
These  measurements,  as  well  as  speaker,  gender,  lexical  item,  
place  of  articulation,  the 
presence of a voiceless phase, tone, location (whether medial or 
initial), the preceding vowel, the following  vowel,  the  presence  
vs.  absence  of  a  coda  consonant  (the  consonant  following  
the vowel), and the coda consonant (the phoneme) are the result-
ing variables.

Results & Discussion
Variables  were  analyzed usinga  mixed-effects  model  through 
the glmerfunctionin  R  (R  core team 2017). I chose a mixed-effects 
modelto account for speaker variation, since it does not use fixed  
parameters. Therefore, if  a speaker  has  a  lower  than  average  
pitch  reading  in  1a.—but exhibits  a  pitch  difference  between  
1a.  and  1b. similar  to  other  speakers—the outlying measure-
ment may not be indicative of a trend, but instead is an effect of 
another variable. This was intended to illustrate the effectiveness 
of certain variables as predictors of whether a nasal is voiced  or  
voiceless.  In  order  to  determine  the most  relevant  variables,  
I  used  ggplot  (Wickham 2016) to compare pitch and duration 
measurement—since they contain the only numeric values—in  re-
lation  to  other  variables.  Pitch  and  duration  values  were  used  
as  predictors  of  other dimensions,  such  as  tone,  voicing,  place  
of  articulation,  and  vowel  quality,  by  comparing  them across 
subcategories of these variables. These comparisons are also split 
by voicing category (for all comparisons except voicing) to exam-
ine whether voicing also influences measurement results. This  al-
lowed  me  to  observe  potentially  two-or  three-way  interactions  
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between  any  of  these variables. One pattern can be observed 
in duration comparisons between different voicing categories. 
The duration of voiceless nasals, including both voiced and voice-
less phases, are on average twice as long as voiced nasals. This is 
depicted in Figure 2a.Comparisons of only the voiced phases of 
both nasals reveal that the durations of voiced nasals are overall 
greater than the voiced phase of voiceless nasals. This is depicted 
in Figure 2b. 

Pitch results also showed some correlation with voicing. Overall 
pitch movement throughout the word, calculated across tone 
categories, is depicted in Figure 3a. Voiced nasals are on the left 
and voiceless nasals on the right in each plot comprising the figure. 
Voiceless nasals with a starting pitch of 200hz decrease to a pitch 
of 180hz at the point of transition to the following vowel. Voiced 
nasals  typically  have  a  roughly  level  pitch  profile  that  starts  
lower than  the voiceless  nasal  and ends on nearly the same level 
at the midpoint of thefollowing vowel. This pattern was consistent 
across all lexical tones, although, again, variations were observed, 
primarily in the pitch during the nasal. The difference between 
pitch was greatest in creaky and checked tones. For creaky tone, 
the pitch ofvoiceless nasals averaged between 246hz at the onset, 
while it was 173hz for voiced nasals. For checked tone, the differ-
ence is almost identical with voiceless nasals having an average 
pitch of 243hz, while voiced nasals have an average of 173hz. 
The gap decreased in high tones, with voiceless nasals averaging 
221hz and voiced nasals 171hz. Differences in pitch are smallest in 
low tones, with an average pitch of 185hz for voiceless nasals and 
157hz for voiced nasals. Onset pitch across lexical tones is illustrat-
ed in Figure 3b.

Figure 3a.

Figure 3b.

Other interactions between pitch or tone with specific lexical items 
and surrounding vowel quality exhibited no differences. Two vari-
ables, coda consonant and place of articulation, showed minor 
effects. Duration is shorter and pitch is higher for words ending in 
glottal stops, i.e. those with a checked tone. The duration of all 
words ending in a glottal stop is below 250 milliseconds, while most 
words without a coda have a duration greater than 250 millisec-
onds. Meanwhile, the pitch of words ending in a glottal stop aver-
ages between 175hz to 250hz, while words without a coda glottal 
stop only average between 150hz to 200hz. 
 Thus, glmer models were created including some or all of 
the following independent variables: pitch, duration, tone, place 
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of articulation, and coda consonant. The dependent variable is 
the presence of a voiceless phase (which differentiates the voicing 
categories), and the random effect of speaker is included. Pitch 
measurements at the mid point of the consonant are the predic-
tor since there is an effect on pitch at onset positions. ANOVA 
tests were used to compare these models. Models including coda 
consonants (AIC = 740.15) were less efficient than models without 
it (AIC = 735.80, p<.001). Furthermore, models including place (AIC 
= 750.2) were revealed to be less efficient than models excluding it 
(AIC = 736.8, p<.001). Thus, both variables were excluded.
 Afterwards, interactions between all three variables were 
added into the predictions. Two more variables were added—one 
for the interaction between pitch and duration, and another for 
the interaction of tone category and duration. This was decided 
after more ANOVA tests with models containing differently ordered 
interactions between these three variables. None of them proved 
to be significantly better than the other (p = 1). However, interac-
tions with duration as the common point resulted in the lowest AIC 
of 746.06. This is in comparison to an AIC of 765.29 when tone was 
the common point, and an AIC of 765.40 when it was pitch. There-
fore, the final model has pitch, tone, duration of the voiced phase, 
the interaction between pitch and duration of the voiced phase, 
and the interaction between tone and duration of the voiced 
phase as the final independent variables. 
 Results from this mixed effects model demonstrate that pitch 
and duration measurements produce different results depending 
on lexical tone. Figure 4 depicts four plots demonstrating interac-
tions between tone, pitch, and duration. Each plot illustrates the 
effect of pitch and duration on voicing for a specific tone. Dura-
tion and pitch are scaled to account for the diversity of values. 
The gradient represents the probability of a voiced or voiceless 
outcome, with yellow associated with predicted voicelessness and 
blue with predicted voicing. Some consistent observations can be 
made for all lexical tones. At any given pitch, increased duration 
of the voiced phase leads to a greater probability of a nasal being 
voiced while decreased duration of the voiced phase leads to a 
greater probability of a nasal being voiceless. Conversely, at any 
given duration, there is a positive correlation between high pitch 
and a voiceless prediction and between low pitch and a voiced 
prediction. Furthermore, once pitch values reach a certain thresh-
old, any increase in duration does not affect the outcome of voic-
ing; there is a very high likelihood that these nasals are voiced. This 
threshold is highest for the checked tone, and then for high and 
low tones in decreasing order. Creaky tone stands out in showing a 
greater reliance on duration of the voiced phase. Thus, given suffi-
cient duration of the voiced phase, the probability that, regardless 

of pitch level, the nasal is voiced is stronger than for the other three 
tones. This may be due to the fact that creaky and checked tones 
share similar pitch contours, but are differentiated by the fact that 
creaky tone possesses a greater duration (Watkins 2003). Shorter 
length also appears to predict voicelessness at lower pitch levels in 
creaky tone in comparison to other tones. For high tone, extremely 
short duration of the voiced phase with high pitch actually increas-
es the likelihood of a voiced prediction unlike the pattern observed 
for the other three tones.

Figure 4.

Conclusion
Initial results regarding pitch and duration confirmed previous find-
ings in the literature. Mainly, voiceless nasals have greater duration 
and higher pitch than voiced ones. The current study demonstrates 
that this effect on pitch is localized to the nasal itself and does not 
perseverate through the following vowel. Rather, voicing of the 
consonant appears to have no effect on the pitch of the follow-
ing vowel, aside from the period of transition from the nasal to the 
vowel. 
 An important novel finding of this study involves the inter-
action between pitch, duration of the voicing phase, and tone. 
Increased pitch in general increases the likelihood of a nasal being 
voiceless whereas increased duration of the voiced phase increas-
es the probability of a nasal being a member of the voiced cate-
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gory. However, the interaction between pitch and duration of the 
voiced phase differs between tones. Results from the present study 
shed light on how a typologically unusual type of linguistic contrast 
is realized phonetically along different acoustic dimensions.
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