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Phonation type

What is phonation type?

Phonation type refers to the source signal produced by varying the relative
constriction between the vocal folds while expelling air through the glottis.

TABLE I. Voiced and voiceless nasals in Burmese (from Ladefoged &
Maddieson, 1996, 111)

Voiced Voiceless

Bilabial ma\ &&hard'' m
t
a\ &&notice''

Alveolar na\ &&pain'' n
t
a\ &&nose''

Palatal Ea\ &&right'' E
t
a\ &&considerate''

Velar Fa\ &&"sh'' F
t
a\ &&borrow''

Labialized alveolar nwa\ &&cow'' n
t
wa\ &&peel''

Figure 1. Continuum of phonation types (after Ladefoged, 1971).

2. The cross-linguistic distribution of phonation contrasts

Ladefoged (1971) suggested that there might be a continuum of phonation types, de"ned
in terms of the aperture between the arytenoid cartilages, ranging from voiceless (furthest
apart), through breathy voiced, to regular, modal voicing, and then on through creaky
voice to glottal closure (closest together). This continuum is depicted schematically in
Fig. 1.

Although this is somewhat of an oversimpli"cation, there nevertheless appears to be
a linguistic continuum that can be characterized using these terms as an ordered set.
Sections 2.1}2.4 explore some of the ways in which languages exploit this phonation
continuum. Throughout the discussion, a number of languages with di!erent types of
phonation contrasts will be mentioned. The names of all of these languages are sum-
marized in Appendix A, along with some additional basic information about each
language: genetic a$liation, where spoken, references, and type of phonations con-
trasted.

2.1. <oiced vs. voiceless contrasts

The majority of languages employ two points along the phonation continuum in making
contrasts: voiced and voiceless sounds. This contrast is particularly common among stop
consonants and is exploited in a number of widely-spoken languages, such as English,
Japanese, Arabic and Russian. The minimal pair wrangle with a voiced /g/ vs. rankle with
a voiceless /k/ illustrates the contrast between voiced and voiceless stops in English. In
a smaller set of languages, the voiced vs. voiceless contrast is found in sonorants. For
example, Burmese, Hmong, Klamath, and Angami have a voiced vs. voiceless contrast
among the nasals. Sample words illustrating this contrast in Burmese are given in
Table I.

No language appears to make a clear voicing distinction in vowels, though it is
common, as in Japanese, for phonologically voiced vowels to devoice in certain contexts
such as in "nal position and when adjacent to voiceless consonants (see Gordon (1998)
for a cross-linguistic survey of vowel devoicing).

384 M. Gordon and P. ¸adefoged

By varying glottal aperture different voice qualities are produced (Gordon
and Ladefoged, 2001).

Constriction occurs asymmetrically with the vocal folds, more at the
anterior end near the thyroid notch than at the posterior end where the
arytenoid cartilages lie.
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Phonation type

Constriction

In addition to changing glottal aperture, changes in tension also occur at
the vocal folds. Generally speaking, phonation types with a narrower
aperture involve greater medial compression of the vocal folds.

However, the longitudinal tension of the vocal folds may also vary with
phonation types. We also control longitudinal tension for producing
changes in F0.

Important to remember that we are referring to changes in the temporary
resting state of the vocal folds here; they still open/close with voicing.
Examples on disk from Jalapa Mazatec, Gujarati, Mpi, Bruu.
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Phonation type

Modal voicing (Edmondson and Esling, 2006)

Figure 3
A comparison of creaky voice in two sequential time frames, showing the

strong engagement of Valve 3 but relatively slack vocal folds with little or no
covering by Valve 2 in (a) and slow undulating vibration in (b). By contrast,
in (c) harsh voice is seen at mid pitch, showing the engagement of Valve 2
and in (d) the additional engagement of Valve 3 at low pitch. These four

images evidence the selective use of Valves 2 and 3.

arytenoid
adduction

aryepiglottic
adduction
epiglottic

tubercle

glottal vocal
folds
ventricular
folds

cuneiform
cartilage
(left)

creaky voice

harsh voice
posterior

pharyngeal
wall

cuneiform
cartilage

(right)

vibrating
vocal folds

cuneiform
cartilage
(left)

vibrating
aryepiglottic
folds

(a) (b)

(c) (d)

Figure 2
The lower throat area as seen from the entrance of the pharyngeal cavity

behind the uvula and below the tip of the epiglottis, with vocal folds adducted
and phonating.The arytenoid cartilages are tightly adducted, but the

cuneiform cartilages of the aryepiglottic folds lie in a straight line from the
arytenoids along the aryepiglottic folds up to the epiglottic margins.

 From Esling & Harris (2005). Reproduced by permission,
Lawrence Erlbaum Publishers.
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Phonation type

Breathy voicing (Edmondson and Esling, 2006)

of the vocal folds at the glottal level. Esling & Harris (2005: 373) describe
harsh voice in detail from direct observations, noting that there is first
glottal adduction, followed quickly by ventricular incursion and finally by
aryepiglottic constriction.

If the pitch accompanying harsh vocal register lowers to mid range,
then Valve 3 is more in evidence as the aryepiglottic folds press up onto

Figure 9
(a) Canonical Harsh (‘Pressed’) Voice (High pitch), showing Valves 1 and
2 strongly engaged, arytenoids adducted, the ventricular folds impinging
on the glottal vocal folds. (b) Canonical Harsh Voice (Mid pitch); Valve 3

closes but not so tightly as to prevent flapping of the aryepiglottic folds
from the cuneiform cartilages to the margins of the epiglottis. (c) Canonical
Harsh Voice (Low pitch), similar to ‘clearing the throat’, with or without

voicing of the vocal folds at the glottis.
A=arytenoids; AE=aryepiglottic folds; C=cuneiform cartilage;

E=epiglottis; Ve=ventricular folds.
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Figure 8
Canonical Breathy Voice showing a partial closure of Valve 1, leaving a large
aperture between the arytenoid cartilages. The glottal vocal folds can oscillate

anteriorly along the ligamental glottis, while remaining open posteriorly.
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170 Jerold A. Edmondson and John H. Esling
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Phonation type

Breathy vs. Modal voicing in Bor Dinka

In harsh vocal register the F0 with high level and with mid level syllables
has a trajectory slightly higher in pitch and shorter in duration than in
modal vocal register. Moreover, the glottal fold vibration comes more
quickly to stasis as a result of the added influence of the laryngeal

Figure 11
In (a) Bor Dinka Modal Vocal Register [rÍ!] ‘run’ has Valve 1 engaged.
Valves 2 and 3 are not active. In (b) Breathy Vocal Register /rì!/ ‘meat’
evidences slightly di‰erent features from Bai in Fig. 10b; the gap between

the arytenoid cartilages is not as clear, but still the laryngeal plane is
much lower in the throat and the vocal folds do vibrate loosely.

A=arytenoids; AE=aryepiglottic folds; E=epiglottis.
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Figure 10
(a) Adduction of the glottal vocal folds just after the onset of voicing of the

vowel in Bai [pHi55] ‘slow’. The Valve 1 settings for Bai [pHi55] should be
compared to those for Bai [pHï31] ‘worthless person’ in (b), which is taken at
the same point in the word, where Valve 1 is not completely closed (at the
vocal processes of the arytenoid cartilages), so that the vocal folds vibrate
loosely. The apparently greater constriction, approximation of cuneiform
cartilages to epiglottis, in the laryngeal tube for [pHï31] is a function of the

lower pitch. Cf. Fig. 8 for the canonical state of the glottis for breathy voice.
A=arytenoids; AE=aryepiglottic folds; E=epiglottis.
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174 Jerold A. Edmondson and John H. Esling

Modal vowel on [r̄ıN] ‘run’ (left) vs. Breathy vowel on [r̀ı
¨
N] ‘meat’ (right);

(Edmondson and Esling, 2006)
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Creaky voicing (Edmondson and Esling, 2006)

Figure 3
A comparison of creaky voice in two sequential time frames, showing the

strong engagement of Valve 3 but relatively slack vocal folds with little or no
covering by Valve 2 in (a) and slow undulating vibration in (b). By contrast,
in (c) harsh voice is seen at mid pitch, showing the engagement of Valve 2
and in (d) the additional engagement of Valve 3 at low pitch. These four

images evidence the selective use of Valves 2 and 3.
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Figure 2
The lower throat area as seen from the entrance of the pharyngeal cavity

behind the uvula and below the tip of the epiglottis, with vocal folds adducted
and phonating.The arytenoid cartilages are tightly adducted, but the

cuneiform cartilages of the aryepiglottic folds lie in a straight line from the
arytenoids along the aryepiglottic folds up to the epiglottic margins.

 From Esling & Harris (2005). Reproduced by permission,
Lawrence Erlbaum Publishers.
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Valves of the throat 163

Note the narrowing of the entire cavity here and the greater aryepiglottic
constriction. Only the posterior portion of the vocal folds permits airflow
and vocal fold vibration due to this greater overall constriction.

DiCanio (UB) Phonation 11/19/15 8 / 29



Phonation type

Articulation and acoustic consequences

The vocal folds are open for longer during breathy phonation, so
glottal frication is produced along with voicing. This has the effect of
reducing the amplitude of the signal as less subglottal pressure is
powering voicing.

Greater constriction of the vocal folds with creaky or tense phonation
causes changes in how fast the vocal folds close. They close much
more quickly and stay closed for longer than they do with modal or
breathy phonation.
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Phonation type

Electroglottography (EGG)

EGG is an articulatory method which allows us to examine vocal fold
vibration, including the closing/opening phase of the vocal folds.

When the vocal folds are adducted, there is greater electrical conductance
between the electrodes. When the vocal folds are abducted, there is less
electrical conductance between the electrodes.
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Phonation type

Opening/Closing phase

170 Christian T. DiCanio

Table 4 Words used in electroglottographic (EGG) analysis.

Word Register Gloss Word Register Gloss

tOON modal ‘six’ raªaªj breathy ‘ten’
lOON modal ‘stride’ lO ªO ªN breathy ‘husband’
ceew modal ‘to go’ cuªuªn breathy ‘to send’
/aaw modal ‘day’
tO 0O 0N tense ‘fear’ paªa0j breathy-tense ‘two’
lO 0O 0n tense ‘navel’ cÇO ªO 0N breathy-tense ‘Chong’
pe0e0w tense ‘dinner’ roªo0j breathy-tense ‘melon’

Figure 1 Example of Filtered EGG (top) and DEGG (bottom) signal.

Childers & Lee 1991, Heinrich et al. 2004). Both the OQ and the CQ were extracted from the
derivative of the EGG signal (DEGG). These measures require an accurate estimation of the
moment of vocal fold separation. Since the EGG peaks do not correspond to the closing or
opening instants of the vocal folds, the DEGG signal is used (Childers & Krishnamurthy 1985,
Childers & Lee 1991, Heinrich et al. 2004, Michaud 2004). An EGG and its corresponding
DEGG signal are shown in figure 1.

The vowel portions within each EGG data file were segmented and labeled using Praat
(Boersma & Weenink 2008). The data was then analyzed using a peak detection script
in Matlab (version 7.5). Within the script, the original 44.1 kHz EGG signal was band-
pass filtered from 5 Hz to 1200 Hz to eliminate low-frequency DC components and any
high-frequency peaks unrelated to the opening or closing phases of vocal fold vibration.
The signal was then smoothed with a third order Butterworth filter (!18 dB/octave) with
a 0.054 normalized cutoff-frequency. Peak maxima or minima that were less than 10% of
the amplitude of the highest amplitude maxima or minima, respectively, were considered
erroneous. Wherever the script detected two consecutive minima or maxima, the one with
greater amplitude was chosen. The output file of the script provided the EGG signal maxima
and minima, the DEGG maxima and minima, period durations, and CQ & OQ values
calculated from the DEGG signal. The output files were then visually inspected for remaining
erroneous peaks. If more than three OQ values showed a greater than 10% rise or fall from an

(DiCanio, 2009)
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Phonation type

Acoustic effects - breathy phonation

As a consequence of noise in breathy phonation, there is much more
aperiodic energy across the spectrum and the formant structure is less clear.

Figure 2. Spectrograms and waveform excerpts of modal and breathy voiced
nasals in the Newar words /ma!/ &&garland'' and /m

K
a!/ &&be unwilling'' (male

speaker).

TABLE II. Modal voiced and breathy voiced
nasals in Newar

Modal voiced Breathy voiced

ma! &&garland'' m
K
a! &&be unwilling''

na! &&it melts'' n
K
a! &&knead''

2.2. Breathy voice

Another point on the phonation continuum exploited by certain languages (far fewer in
number than languages which have voiceless sounds) is breathy voice. Breathy phona-
tion is characterized by vocal cords that are fairly abducted (relative to modal and creaky
voice) and have little longitudinal tension (see Ladefoged (1971), Laver (1980), and NmH
Chasaide & Gobl (1995) for discussion of the articulatory settings characteristic of
breathy phonation); this results in some turbulent air#ow through the glottis and
the auditory impression of &&voice mixed in with breath'' (Catford, 1977, 99). Certain
languages contrast breathy voiced and regular modal voiced sounds. Some of these
languages, e.g., Hindi, Newar, Tsonga, make this contrast among their nasals. Words
illustrating the breathy vs. modal voiced contrast in Newar appear in Table II.

Waveforms and spectrograms illustrating the breathy vs. modal voiced contrast for
two of these Newar words (uttered in isolation) appear in Fig. 2, with the modal voiced
nasal on the left and the breathy voiced one on the right. The waveforms are excerpted
sections from the modal voiced and breathy voiced nasals, respectively, with the time of
the excerpt labeled on the x-axis of the waveforms.

Phonation types 385

(Gordon and Ladefoged, 2001)
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Phonation type

Acoustic effects - creaky phonation

Creaky phonation is characterized with irregular glottal periods (jitter) but
with clear formant structure. As a consequence of this irregularity, F0 is not
(usually) calculated so accurately.

Figure 4. Spectrograms and waveform excerpts of modal, breathy, and creaky
voiced vowels in the Jalapa Mazatec words /nthvH / &&seed'', /ndvH

K
/ &&horse'', and

/ndvH
!
/ &&buttocks'' (female speaker).

Certain languages employ voice qualities which resemble creaky voice in involving
increased constriction in the laryngeal area, but which do not neatly fall under the rubric
of creaky voice. For example, Mpi has a tense phonation type which clearly di!ers from
creaky phonation in other languages, though it shares certain properties with creaky

390 M. Gordon and P. ¸adefoged

Jalapa Mazatec [ndæ
˜
] ‘buttocks’ (Gordon and Ladefoged, 2001)

DiCanio (UB) Phonation 11/19/15 13 / 29



Phonation type

Spectral tilt

The vocal folds come together more quickly in the production of creaky or
tense phonation. As a result of this, vocal fold closure produces a higher
amplitude transient. This excites a greater number of harmonics and
resonances across the spectrum, resulting in a flatter overall spectral tilt
than one finds for modal voice (Kirk et al., 1993).

By contrast, the closing phase of the vocal folds is slower for breathy
phonation. The resulting weaker transients fail to excite higher resonances
in the vocal tract and the spectrum is steeper.
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Involves the estimation of amplitude difference between different
harmonics/formants in the spectrum.
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Phonation type

Figure 7. FFT spectra of modal, breathy, and creaky /a/ in the San Lucas
QuiavinmH Zapotec words /da!/ &&Soledad'', /kilda

K
/ &&forehead'', and /"da

!
!#/ &&lets go

of '' (male speaker).

characteristically most steeply positive for creaky vowels and most steeply negative for
breathy vowels. In other words, the fall o! in energy at higher frequencies is least for
creaky voice and most for breathy voice. Subtraction of the amplitude of the funda-
mental from the amplitude of higher harmonics thus yields the greatest values for creaky
vowels and the smallest values for breathy vowels, with intermediate values for modal
vowels. Spectral tilt reliably di!erentiates phonation types in a number of languages,
including Jalapa Mazatec (Kirk et al., 1993; Silverman et al., 1995), which contrasts
creaky, breathy, and modal vowels, !XoH o! (Bickley, 1982; Ladefoged, 1983; Ladefoged et
al., 1988), which distinguishes between breathy and modal vowels (as well as a third type
of phonation, strident, discussed in Section 2.3), Gujarati (Fischer-J+rgensen, 1967),
which contrasts breathy and modal vowels, Kedang (Samely, 1991), which contrasts
modal and breathy vowels, Hmong (Hu!man, 1987), which distinguishes breathy and
modal vowels, Tsonga (Traill & Jackson, 1988), which contrasts breathy and modal
nasals, some minority languages of China (Jingpho, Haoni, Wa, Yi) examined by
Maddieson & Ladefoged (1985), which contrast a &&tense'' phonation somewhat di!erent

398 M. Gordon and P. ¸adefoged
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Chong phonation

Chong phonation: a case study

While some languages distinguish between breathy, modal, and creaky
voice qualities, there is this language Chong (spoken in Thailand) that
distinguishes all three and another – breathy-creaky phonation type (as it
was called then).

But how can you produce breathy and creaky phonation type at the same
time?
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Chong phonation

Chong dialects

Chong is an austro-asiatic language spoken in Thailand and Cambodia. It
is endangered and in some communities, the only speakers are those over
the age of 40.

(Choosri, 2002)
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Takhian Thong Chong
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Chong phonation

Chong phonation

Chong contains a four-way contrast in what is called “voice register.”
Words are distinguished mainly by phonation type and secondarily by pitch
and other cues.

Modal Breathy “Creaky” “Breathy-Creaky”
tOON ra

¨
a
¨
j tO

˜
O
˜
N pa

¨
a
˜
j

‘six’ ‘ten’ ‘fear’ ‘two’
k@lOON lO

¨
O
¨
N lO

˜
O
˜
n cCO

¨
O
˜
N

‘stride’ ‘husband’ ‘navel’ ‘Chong’
ceew cu

¨
u
¨
n pe

˜
e
˜
w ro

¨
o
˜
j

‘to go’ ‘to send’ ‘dinner’ ‘melon’
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Chong phonation

The investigation

Visit to Thailand and organization with researchers who work in the
area.

Compilation of wordlist from work on a related dialect
(Ungsitipoonporn, 2001).

Fieldwork on-site with EGG and acoustic recordings.

Measures: Closing quotient and opening quotient from EGG, spectral
tilt (H1-H2, H1-A3), F0, duration.

Research question: what acoustic dimensions do speakers use? how is
the breathy-creaky register produced?
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Measuring OQ

Open quotient is the proportion of the glottal cycle which is open. How do
you measure this from the EGG signal?

It is difficult to estimate exactly when closure occurs from the raw signal,
but there is a way to estimate when the curve showing glottal closure
changes more abruptly - the derivative of the signal.

(Demonstration in Praat)
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Chong phonation

Creaky vs. Tense

The “creaky” register is better described as tense. Both phonation types
are characterized with increased adductive tension (Ní Chasaide and Gobl,
1997). While tense phonation is characterized with mostly periodic vocal
fold vibration, creaky phonation contains substantial frequency modulation
(jitter) and amplitude modulation (shimmer) (Childers and Lee, 1991;
Blomgren et al., 1998; Pennington, 2005).

The difference between creaky and tense phonation is that the latter
involves greater longitudinal tension of the vocal folds (stiffness) so that
voicing can be maintained.
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It’s not creaky in Chong, but tense
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Chong phonation

EGG results
The phonetics of register in Takhian Thong Chong 171

Figure 2 Open quotient curves for each register.

adjacent value, the token was omitted. If there were three or fewer erroneous OQ values, these
data points were replaced with NA values. The output OQ data were then time-normalized
using R (2007) to allow for a proportional comparison between the different speakers and
tokens. OQ was averaged over 12 even intervals of the token’s vowel.

4.2 Results
The results of the OQ measures are shown in figure 2 along with 95% confidence intervals.
Individual speakers’ OQ data is given in figure 3. Confidence intervals are wider at time index
12 because the script was unable to calculate OQ accurately for some tokens, resulting in a
smaller sample size. For all registers, there is a declination in OQ throughout the duration of
the vowel, with the breathy-tense register showing the sharpest decline in OQ. The breathy
register shows the highest OQ value which gradually declines toward the endpoint of the
vowel while the tense register shows the lowest OQ value which similarly declines. The
modal register does not show substantial declination in OQ, lying between the values for
the breathy register and the tense register. At time index 1, the breathy-tense register shows
overlap in OQ value with the breathy register, but from time indices 10–12, it shows overlap
with the tense register.

Individual speakers’ OQ data are shown in figures 3a–e. There was some variability
between speakers in the OQ value for each of the registers as well as some similarities.
All speakers produced the breathy register with higher OQ values than found in the other
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Chong phonation

Spectral tilt results The phonetics of register in Takhian Thong Chong 175

Figure 4 Measures of spectral tilt on vowels. (a) H1-H2 (b) H1-A3 (c) H1-H2 for vowel /OO/ (d) H1-A3 for vowel /OO/.

Lambda tests at each time index are given in the appendix (see table A2). All discriminant
models were significant for each time index.

Table 6 shows that the H1-A3 spectral tilt measure is the best discriminator of register
in Takhian Thong Chong within the first half of the vowel duration. However, the H1-H2
measure better discriminates among the registers in the latter half of the vowel. In terms of
discriminability, pitch is a stronger correlate of the register contrast within the second half
of the vowel duration. There was little correlation between H1-A3 and H1-H2 at any point,
reflected by a maximum adjusted R2 value of .09. The first linear discriminant accounts for a
large proportion of the variance in register throughout the vowel duration. At each time index,
the canonical correlation lies between .52 and .73, so the first discriminant model can explain
between 52% and 73% of the variance between the registers. The discriminant model more
poorly discriminates register differences over the final 1/4 duration of the vowel, however.

Plots of the H1-A3 and H1-H2 measures are shown in figures 4a–d with 95% confidence
intervals. As a comparison, the same measures are given for a single vowel (/OO/) in each
register. We observe here that the breathy register has a steeper spectral slope throughout its
duration than any of the other registers. The modal and tense registers have very similar
values for the H1-A3 measure throughout the vowel on which they are realized. The
breathy-tense register begins with steep spectral slope but rapidly becomes less steep
throughout its duration. This spectral tilt measure on the vowel /OO/ appears very similar

Solid = modal; Dots = breathy; Dashes = tense; Dash-dot = breathy-tense
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Chong phonation

Pitch/Duration results178 Christian T. DiCanio

Figure 5 Pitch and duration measurements of the register contrasts. (a) Pitch (b) Duration.

Table 8 Results of repeated measures ANOVA of register effect on pitch.

Time index Register

t2 F(3, 18) = 31.5, p < .001!!!

t5 F(3, 18) = 37.2, p < .001!!!

t8 F(3, 18) = 32.5, p < .001!!!

t11 F(3, 18) = 15.7, p < .001!!!

!!!p < .001

5.3.2 Duration
From the duration data in figure 5, we observe that both breathy-tense and tense vowels
have shorter duration than breathy and modal vowels. However, vowel duration can be
influenced by other factors, such as coda type and vowel quality (Keating 1985). To isolate
the relative role of register, a two-way repeated-measures ANOVA with register and vowel
quality as factors was performed. There was a strong main effect of register on vowel duration,
F(3, 11) = 21.5, p < .001!!!. The main effect of vowel quality was marginally significant,
F(4, 19) = 3.4, p < .05!. There was a marginally significant interaction between vowel
quality and register on vowel duration, F(5, 26) = 2.9, p < .05! as well. Interestingly, the
effect of vowel quality on vowel duration was not very strong. This is probably due to the
fact that most vowels in the data set are mid or low vowels. We might expect a vowel quality
effect on duration to be more noticeable if the data set had contained more words with
high vowels, as they tend to have the greatest influence on duration (Lehiste 1970, Keating
1985).

5.4 Summary of pitch and duration data
While the best predictors of register in the LDA were those relating to spectral tilt, pitch
also significantly varied with respect to register. In general, the tense register is realized
with substantially higher pitch than the other registers throughout its duration, while the
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Summary

To distinguish words, Chong speakers use a number of different
acoustic cues, including phonation type, F0, and, to a small extent,
duration.

Research on phonation type involves investigating multiple
acoustic/indirect measures to get a clear sense of what is happening.

When laryngoscopic data is not available, one must infer what is
happening from our knowledge of the articulatory-acoustic mapping
and from whatever tools are at our disposal.
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Key concepts

Phonation type and its articulatory settings
Electroglottography
Acoustic correlates of phonation types
Spectral tilt
Acoustic cues to Chong registers
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