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Phonation type

What is phonation type?

Phonation type, or voice quality, 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.

It is 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.
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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.
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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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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

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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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.
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Phonation type Where is phonation type used?

Uses of phonation type (c.f. Davidson (2020))

Phonation type can be used for linguistic contrast. There are languages
which distinguish word meaning with phonation type changes (next slide).
This is contrastive voice quality.

Phonation type can also occur as a result of coarticulation between
voiceless and voiced speech segments. This is coarticulatory voice
quality or allophonic voice quality. English final /t/ - [hI

>
tP] often involves

some creaky phonation on the vowel, [hI
˜

>
tP].

Phonation type can also occur at prosodic boundaries. Creaky phonation is
common in English at the ends of phrases as speakers trail off (Dilley et al.,
1996; Garellek, 2014). This is prosodic use of voice quality. (Though, it
is qualitatively distinct from coarticulatory creak, c.f. Keating et al.
(2015).)
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Phonation type Where is phonation type used?

Contrastive voice quality

Chong, spoken in Thailand, 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 (DiCanio, 2009).

Modal Breathy Tense Breathy-Tense
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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Phonation type Where is phonation type used?

Coarticulatory voice quality

Glottal stops are also rarely realized with full glottal closure across
languages (Garellek et al, to appear), but instead with creaky phonation.

Itunyoso Triqui (Mexico)
‘they/them’ [neH3] vs. ‘baby’ [ne3PeH3] (DiCanio, 2012)
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Phonation type Where is phonation type used?

Sociolinguistic use of phonation type

Different social cues can be marked with changes in voice quality.

Creaky voice (also known as vocal fry) is a characteristic of many speakers’
voices. It is associated with more dominant personality among English
speakers (alongside lower f0) and is found in both men and women equally
(Davidson, 2020).

Breathy phonation may be used to express more intimacy (Gussenhoven,
2016).

In Peninsular Spanish speakers, hoarse voice quality is associated with a
“tough girl” persona (Armstrong et al., 2015).

Many more studies on this issue! It’s a hot area.
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Phonation type How is phonation type measured?

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 How is phonation type measured?

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 How is phonation type measured?

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.

Itunyoso Triqui [na3PBi32] ‘orange’ (DiCanio et al., 2020)
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Phonation type How is phonation type measured?

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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Phonation type How is phonation type measured?

To estimate spectral tilt, we must examine the amplitudes of the different
harmonics (H1, H2... HN) and formants (A1, A2... AN) in the spectrum.
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Phonation type How is phonation type measured?

Suppose the amplitude of H1 is 60 dB and the amplitude of H2 is 55 dB.
The measure H1-H2 would be 5 dB (negative slope!).

Suppose the amplitude of H1 is 60 dB and the amplitude of A3 is 35 dB.
The measure H1-A3 would be 25 dB (negative slope!).

Generally speaking, we expect lower spectral tilt values (flatter or positive
slope) for tense/creaky phonation type and higher spectral tilt values (more
of a negative slope) for breathy phonation type.
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Phonation type How is phonation type measured?

On measurement

A number of acoustic features correlate with changes in voice quality.

Aside from spectral tilt measures, cepstral peak prominence (CPP) - a
measure of periodicity, HNR (harmonics-to-noise ratio), jitter, shimmer, f0,
F1, and intensity may all vary with voice quality changes.

There is no “one” measure that is most informative, but narrower spectral
tilt (H1-H2, H2-H4), broader spectral tilt (H1-A3, A1-A3), CPP, and HNR
(or some measure of spectral noise) are each often quite useful.

Consult Garellek (2019); Kreiman et al. (2007); Pennington (2005) for a
discussion of different measures.
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Phonation type How is phonation type measured?

Formants impact spectral tilt measurement
Marc Garellek

88

is H5 (at roughly 750 Hz, see the right panel of Figure 4.6). Measures like H1–A1, H1–A2, 
and H1–A3 vary in their harmonic bandwidth depending on the formant frequencies; how-
ever, source spectral tilt measures like H1–H2 and H2–H4 have fixed harmonic bandwidths 
and therefore do not depend on vowel quality. Thus, use of measures like H1–A1 assumes 
that the ways in which spectral tilt can determine voice quality necessarily depend on the 
vowel quality. For instance, if I compare Mazatec breathy vs. modal vowels of different 
qualities using H1–A1 (as in Garellek and Keating 2011), then I assume that a relevant way 
of distinguishing these voice qualities is by comparing the spectral tilt between H1 and the 
first formant, regardless of the harmonic that is most affected by that formant. But using 
measures such as H1–H2, H2–H4, H4–H2 kHz, and H2 kHz–H5 kHz implies that voice 
source characteristics are relevant independent of the filter; although Kreiman et al. (2014) 
assume that both the source and filter can influence voice quality, they further assume that 
measuring spectral tilt within fixed harmonic or frequency bands is a relevant way of dis-
tinguishing voice quality. It is still unclear which method of representing spectral tilt more 
closely reflects perception of voice quality: i.e., whether listeners perceive changes in quality 
more as a function of formant or harmonic-based differences in spectral tilt.

The second important dimension to voice quality is noise, which in the psychoacoustic 
voice model is calculated in the spectral domain as the HNR. Since breathy voice has aspi-
ration noise (due to the increase in vocal fold spreading or lower vocal fold thickness, see 
“Voice production”), this will lower the HNR. Numerous studies have shown that HNR 
measures are useful for distinguishing breathy vs. non-breathy voice qualities used in lan-
guage (Gordon and Ladefoged, 2001; Blankenship, 2002; Brunelle, 2012; Berkson, 2013; 
Esposito, 2012; Garellek, 2012; Khan, 2012; Kuang, 2012; Simpson, 2012; Tian and Kuang, 
2016). Creaky voice also lowers HNR, but usually this is because of its irregular pitch:  
If the f0 is not regular, the signal’s noise will increase. Various studies also provide  
evidence for the use of HNR in distinguish creaky vs. non-creaky voice qualities in language  
(Blankenship, 2002; Esposito, 2012; Garellek, 2012, 2015; Keating et al., 2015; Garellek 
and Seyfarth, 2016). “Harsh” voice qualities – which are not reviewed in detail here because 
they necessarily involve supraglottal constriction (Edmondson et al., 2001; Edmondson 
and Esling, 2006) – can also have lower HNR (Miller, 2007), due at least in part to the 
supralaryngeal noise.

Figure 4.6 FFT and LPC spectra for synthetic [i] (left) and [ɑ] (right) with f0 = 150 Hz and 
formants equal to that of an average adult male speaker of American English. For [i] (left), the 
second harmonic (H2) is also the harmonic closest to the first formant (A1), so H1–H2 equals 
H1–A1. For [ɑ] (right), H1–A1 equals H1–H5.

(Garellek, 2019, 88)
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Phonation type How is phonation type measured?

If formant frequencies impact these measurements, what do you do?

You apply an inverse filtering algorithm to determine the impact of the
formants on the source spectrum.

Then you subtract this effect from the observed harmonic and formant
amplitudes. This results in a corrected measure: H1-H2*, H2-H4*,
H1-A3*, etc.

Praatsauce (Kirby, 2019) and its precursor, VoiceSauce (Shue et al.,
2009) do this for us automatically.

They also each provide pitch-synchronous spectral tilt measurement, which
permits a closer examination of the temporal correlation between different
acoustic measures of voice.
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