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Gujarati and White Hmong are among a small handful of languages known to maintain a
phonemic contrast between breathy and modal voice across both obstruents and vowels.
Given that breathiness on stop consonants is realized as a breathy-voiced aspirated
release into the following vowel, how is consonant breathiness distinguished from vocalic
breathiness, if at all? We examine acoustic and electroglottographic data of potentially
ambiguous CV sequences collected from speakers of Gujarati and White Hmong, to
determine what properties reliably distinguish breathiness associated with stop consonants
from breathiness associated with vowels comparing both within and across these two
unrelated languages. Results from the two languages are strikingly similar: only the
early timing and increased magnitude of the various acoustic reflexes of breathiness
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Hmong, and Gujarati. Languages such as these are particularly interesting because the
breathiness on breathy-voiced aspirated stop consonants is typically realized not during the
stop closure itself, but as a breathy-voiced release into the following vowel. Thus, both
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2 Background

Phonation contrasts can be made using a variety of articulatory mechanisms, which produce
an array of acoustic effects available to the listener for the perception of linguistic voice
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and thus spectral tilt measures are higher for breathy phonation than for modal or creaky
phonation.

Depending on the language, dialect, vowel quality, tone, speaker sex or gender, and other
factors, not all spectral measures will distinguish phonation types. In Mpi, for example,
H1-H2 distinguishes phonation types on high tone vowels more reliably than on mid or
low tone vowels (Blankenship 2002). In Santa Ana del Valle Zapotec, H1-H2 successfully
distinguishes breathy, modal, and creaky phonation in female speech but not in male speech
(Esposito 2010b). Kreiman, Gerratt & Antofianzas-Barroso (2007) showed that fO was
positively correlated with H1*-H2* in non-disordered and pathological productions of the
vowel [a], while Iseli, Shue & Alwan (2007) found that H1*-H2* was positively correlated
with fO only for speakers whose pitch was lower than 175 Hz.! Because females generally
speak in a higher pitch than males, some of the sex-specific effects of H1*-H2* may be due
to its complex relation to fO0.

In addition to spectral measures, measures of noise and/or aperiodicity in the signal can
also measure differences in voice quality. One such measure, cepstral peak prominence (CPP),
has been used in English (Hillenbrand, Cleveland & Erickson 1994); Krathing Chong, Jalapa
Mazatec, Mpi, and Tagalog (Blankenship 2002); and for a small set of data from Krathing
Chong, Fuzhou, Green Mong, White Hmong, Mon, San Lucas Quiavini Zapotec, Santa Ana
del Valle Zapotec, Tlacolula Zapotec, Tamang, and X630 (Esposito 2010a).

2.2 Electroglottographic properties of phonation

When invasive methods of articulatory research are either unavailable or inappropriate, an
electroglottograph (EGG) can be used as an indicator of the degree of contact between
the vocal folds over time, which can in turn help describe and categorize phonation types.
The EGG has been used to measure linguistic voice quality in Maa (Guion, Post & Payne
2004), Vietnamese (Michaud 2004), Santa Ana del Valle Zapotec (Esposito 2005), Tamang
(Michaud & Mazaudon 2006), Takhian Thong Chong (DiCanio 2009), and Yi (Kuang 2010,
2011), and non-linguistic voice quality in speakers with and without voice disorders. For
example, Childers & Lee (1991) used EGG measures to determine the characteristics of the
voice source during modal voice, vocal fry, falsetto, and breathy voice in both normal and
pathologically disordered voices. They found that breathy phonation (as well as falsetto) was
produced with a longer glottal pulse width, lower pulse skewing (the ratio of the opening
phase to the closing phase), and less abrupt glottal closure than modal phonation. Using
acoustic data, they also found that breathy phonation was produced with high turbulent noise,
not seen in the other voice qualities.

The most common measure derived from the EGG is CQ, variously referred to as contact
quotient, closed quotient, and closing quotient. CQ is a ratio of the portion of time the vocal
folds are in a greater degree of contact over the total duration for a complete glottal cycle.
In the current study, calculating the edges of this portion of this ‘greater degree of contact’
involves a hybrid method with a 25% threshold (see Rothenberg & Mahshie 1988, Orlikoff
1991, Howard 1995, and Herbst & Ternstrém 2006). This means that the beginning of the
contact/closure phase (the portion with the ‘greater degree of contact’) is defined as the point
atwhich the first derivative of the EGG (dEGG) is at its peak, and the end of the contact/closure
phase is defined as the point 25% from the point of greatest opening (where 25% is calculated
from the time from closure peak to opening peak). CQ is the inverse of the open quotient
measure (OQ). Acoustic and electroglottographic studies of contrastive voice quality/register
in Takhian Thong Chong (DiCanio 2009) and White Hmong (Esposito, in press) compared
OQ with H1-H2 and H1-A3, finding that OQ was more closely correlated with H1-H2
than with H1-A3, confirming Holmberg et al.’s (1995) study. Assuming a unidimensional

! The Iseli et al. (2007) study also found that H1*-H2* was dependent on vowel height for speakers whose
pitch was higher than 175Hz.
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model of phonation based on glottal opening (Ladefoged 1971, Gordon & Ladefoged 2001),
phonations with a wider opening (e.g. breathy voice) are expected to have lower CQ values
than do phonations with greater vocal fold contact (e.g. modal voice, creaky voice).

The first derivative of the EGG, dEGG, is also useful in measuring voice quality. The peak
positive value in the dEGG for each glottal pulse represents the amplitude of the increase in
contact between the vocal folds; this value is variably referred to as Peak Increase in Contact
(PIC; see Keating et al. 2010) or as dEGG Closure Peak Amplitude (DECPA; see Michaud
2004 for Mandarin, Naxi and Vietnamese; see V{-Ngoc, d’Alessandro & Michaud 2005
for Vietnamese). In this way, DECPA can represent the speed of the vocal folds during the
closing phase; phonations produced with faster glottal closure have greater DECPA values
than phonations produced with slower glottal closure.? Of course, the vocal folds need not
actually fully close to derive a DECPA value, as what is being measured is the increase in
contact between the folds. It is not uncommon in breathy phonation and similar voice qualities
for the folds to come into contact while still leaving a partially open glottis, allowing air to
pass through.

2.3 About the languages

231 Gujarati

Guijarati is an Indo-European language (Indo-Iranian branch, Central Indic group) spoken
primarily in Gujarat state in India, with significant minority populations in other central-
western Indian states including Maharashtra (with a large community in Mumbai), Rajasthan,
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very casual speech, with their associated breathiness transferred to surrounding vowels; they
can also be lenited to fricatives or approximants in these situations, e.g. [badft] ~ [badi] ~
[badd] ‘whole’ (Firth 1957: 235; Pandit 1957: 171; Mistry 1997: 667; Cardona & Suthar
2003: 666).

Due to various sociolinguistic pressures, breathy vowels are often not produced as such
in particular contexts. Pandit (1957: 170), Dave (1967: 2), Nair (1979: 22), and Cardona
& Suthar (2003: 666) report that many speakers have merged the breathy vowels with their
corresponding modal vowels in what is often described as an ‘educated’ speech register,
producing [ben] ‘sister’ as [ben]. Turner (1921: 529), Dave (1967: 4), Masica (1993: 120),
and Cardona & Suthar (2003: 665-666) also report that speakers are more likely to produce
breathy vowels as disyllabic sequences reflecting their orthographic representation, especially
in formal settings or when reading, e.g. producing [ben] ‘sister’ as [bofien] or [bofien],
orthographically
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fundamental, which had a low frequency at the onset of the vowel but a high amplitude (H1)
throughout (measured relative to the rest of the spectrum); other acoustic cues were determined
to be less important for perception. In the perception component of Bickley’s (1982) study, it
was found that Gujarati speakers rely solely on spectral balance (H1-H2) when categorizing
the voice quality of synthesized vowels; aspiration noise did not appear to influence voice
quality categorization. Furthermore, in a cross-linguistic study of the perception of linguistic
voice quality by speakers of English, Spanish, and Gujarati, Esposito (2010a) also found that
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point in the vowel. Other measures distinguish at least two of the three phonation categories.
Of particular interest to the current study are the measures that distinguish breathy from modal
phonation. The amplitude of the first harmonic (H1*), the amplitude of the first harmonic
minus the amplitude of the second harmonic (H1*-H2*) and closed quotient (CQ) distinguish
breathy from modal phonation at the beginning of the vowel, while DECPA, H1*, H1*-H2*,
and CQ distinguish these phonations at the middle of the vowel and CQ, at the end of the
vowel (Esposito 2010c). An additional study, Keating et al. (2010), found that CQ, DECPA
(i.e. “PIC’), and H1*-H2* successfully distinguished the phonation types of White Hmong
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familiar vocabulary items helped discourage the use of formal register (i.e. breathy—-modal
neutralization). Furthermore, of the four sources of breathiness in Gujarati (i.e. [2AV], [VA3],
[#A], [VCA]), the last three are largely restricted to very casual, lenited speech, inappropriate
for a laboratory setting; thus, all target words come from the more stable [of
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Table 3 Measures that distinguish vowels after breathy-voiced aspirated consonants from either breathy vowels or modal
vowels at five timepoints (T1-T5) in Gujarati. All measures listed showed a statistically significant difference
(p < .001) between the two categories in question.

Measures that distinguish vowels after breathy-voiced aspirated consonants from timepoints

1 2 3 4 5
Breathy vowels CPP CPP
H1*-H2* H1*-H2*
H1*-A3*
Modal vowels CcPp cpp CPP Ccpp
HL*-H2* H1*-H2* HL*-H2* HL*-H2* H1*-H2*
HI*-A3* H1*-A3* HL*-A3* H1*-A3* H1*-A3*
0Q Q 0 aQ €Q

3.2 Results
Separate ANOVAs and post-hoc pair-wise comparisons for each measure at each timepoint
were used to determine if there was a significant (p < .001) difference between the vowel
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3.2.2.1 Results of acoustic measures

On the measure H1*-H2*, vowels after breathy-voiced aspirated consonants were breathier
than phonemically breathy vowels at the first timepoint. (That is, they had a significantly
higher H1*-H2* value.) By point 2, however, the H1*-H2* value for the post-aspirated vowels
is no longer significantly higher than that of breathy vowels. In fact, on points 2, 3, and 4,
there is no significant difference between the post-aspirated and breathy vowels. However,
by point 5, the average H1*-H2* value for the breathy vowels increases, while the value
for the post-aspirated vowels decreases. These two vowel types are significantly different at
this timepoint, with the post-aspirated vowels having a modal-like H1*-H2* value. The post-
aspirated vowels and modal vowels are significantly different on the first two timepoints, when
the post-aspirated vowels have a higher, breathy-like, H1*-H2* value. By point 3, when the
H1*-H2*
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vowel, while the breathiness associated with breathy vowels would be produced across a larger
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sequences in White Hmong. (The measure was not reliable in distinguishing phonation
categories in Gujarati.) A higher DECPA was also found for lax phonation (a phonation
similar to breathy) in Yi (Keating et al. 2010; Kuang 2010, 2012) and in an additional study
on White Hmong (Esposito, in press). A visual inspection of the EGG signal for the White
Hmong data collected for the current study confirms that breathy phonation is characterized
by a longer open quotient and shorter closing quotient (although it is presumed the glottis may
not be completely closed in breathy phonation), with a very sharp transition between the two.
Keating et al. (2010: 93) suggests that the higher DECPA values for breathy/lax phonation is
due to a principle of ‘the further, the faster’; the greater degree of glottal opening in breathy
phonation might require the vocal folds to move more quickly to return to a (semi-)closed
state. It may be that this shortening of the transition to the closure phrase makes it possible for
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alone to determine the segment to which the breathiness is phonologically associated
(i.e. [C&V] or [CV]), if they perceive the breathiness at all? There are secondary cues to
distinguishing these segments in both languages. In White Hmong, all breathy vowels bear
the falling tone 42, so fO could play a vital role in the perception of breathiness, while in
Guijarati, duration could play an important role in distinguishing these segments in that most
breathy vowels in that language derive from disyllables and can be produced as such in certain
registers, while post-aspirated vowels are not derived from such sequences. A follow-up to
the current study would be a perception experiment where speakers are asked to identify
and/or discriminate between [CiV] and [CV] sequences (and possibly modal [CV] as another
option). This future extension would allow us to determine how both cross-linguistic and
language-specific cues assist native speakers of these two typologically rare languages in
perceiving breathy voice and determining its segmental association in ambiguous contexts.
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