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The majority of studies on phonation types have focused on low vowels due to the minimal
effects of their first formant on harmonic amplitude. In studies of multiple vowel qualities,
reports on the relationship between vowel and voice quality are mixed: some show similar
formant frequencies across phonation types (e.g. Abramson, Nye & Luangthongkum 2007,
Khan 2012), while others show different formant frequencies depending on voice quality
(e.g. Ren 1992, Kuang 2011). Results differ as to whether the degree of non-modal phonation
varies (Andruski & Ratliff 2000, Kuang 2011) or does not vary (Esposito 2012, Khan 2012)
across different vowel qualities. The present study draws on innovations which allow for
more accurate corrections for the effects of formant frequencies on spectral measures (i.e.
Hanson 1995, Iseli, Shue & Alwan 2007) to examine the relationship between vowel quality
and voice quality, in eight languages – óXo@o

0
, Burmese, Gujarati, Jalapa de Díaz Mazatec,

Mon, Santa Ana del Valle Zapotec, White Hmong, and Yi. While no significant difference in
the degree of non-modal phonation due to vowel quality was found, results showed a cross-
linguistic pattern in the relationship between vowel quality and voice quality: vowels with
higher log(F1) and log(F2) values tended to be produced with creakier phonation, while
vowels with lower log(F1) and log(F2) values tended to be produced with breathier phonation,
but only on the measure H1*-H2*.

1 Introduction
The majority of studies on linguistically-relevant phonation type differences focus solely
on low vowels, such as /a/ or /?/, due to the minimal effects of their first formant on har-
monic amplitude.1 A few studies explore phonation types in wider vocalic inventories, though
they report mixed results regarding the relationship between vowel quality and voice quality.

1 The acoustic differences between phonation types can be quantified by measuring the difference between
different harmonic amplitudes, but it is important that they either be unaffected by, or corrected for, influ-
ences from formant frequencies for the measurements to be accurate. It is fairly recent that correction
formulas have been used in the study of linguistic voice qualities; these studies are indicated with an
asterisk * after the year of publication.
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Similar first formant frequencies (F1) are reported for breathy and modal2 vowels in Mon
(Thongkum 1987a), Nyah Kur (Thongkum 1987b), Kui (Thongkum 1986), Khmu’ Rawk
(Abramson, Nye & Luangthongkum 2007) and Gujarati (Khan 2012*) and for modal, breathy
and creaky phonation in Jalapa Mazatec3 (Garellek & Keating 2011*). However, when com-
pared to modally-phonated vowels, a lower first formant frequency is found for: (i) breathy
vowels in Kedang (Samely 1991), Nilotic languages (Denning 1989), Southeast Asian lan-
guages (Hombert 1978, Bradley 1982) and Xhosa (Jessen & Roux 2002*); (ii) breathy and
breathy-creaky vowels in Chong (Thongkum 1987b); (iii) slack voice in Shanghainese (Ren
1992); and (iv) lax phonation in Yi (Kuang 2011*). Similarly, higher first formant frequency
is reported for creaky/tense phonation in Hani (Maddieson & Ladefoged 1985) and Mpi
(Denning 1989), and higher first and second formant (F2) frequencies are found for the
strident4 vowels in óXo@o

0
(Traill 1985).

An additional issue regarding vowel quality and phonation type is the degree of non-
modal phonation for a particular vowel quality. In Green Mong (Andruski & Ratliff 2000),
/a-/ is reported to be breathier than /i -/ and /u-/. And, phonation type is produced differently
for different vowel qualities: the difference between the amplitude of the first and second
harmonics (H1-H2) is a good indicator of the phonation difference for /i/ and /u/, but not
for /a/. Yi (Kuang 2011*) also displays variation in phonation type due to vowel quality;
phonation differences are smaller in low/open vowels than high/close ones. However, in other
languages, such as White Hmong (Esposito 2012*) and Gujarati (Khan 2012*), there is no
significant difference between phonation types across different vowel qualities.

To summarize, there are mixed results regarding the interaction between formant fre-
quencies and phonation type, and there is little knowledge regarding the degree of non-modal
phonation for different vowel types. Due to progress in correcting for the effects of formant
frequency and bandwidths on spectral measures (see Hanson 1995, 1997; Hanson & Chuang
1999; Iseli, Shue & Alwan 2007), it is now possible to focus our attention on these issues.
Our goal is to investigate the relationship between formant frequency and voice quality, using
data from eight unrelated languages.

2 Background
We will begin by providing a review of the acoustic properties associated with the pro-
duction of voice quality. Following that, we present a summary of the languages studied,
concentrating on vowel inventory and phonation type.

2.1 Acoustic properties of phonation contrasts
Various spectral measures are used to quantify phonation type differences; these include, but
are not limited to, the difference between the amplitude of the first harmonic and second
harmonic (i.e. H1-H2), and the difference between the first harmonic (H1) and that of har-
monics exciting higher formants (e.g. H1-A1, H1-A2, and H1-A3). Values for these measures
are highest for breathy phonation, smallest for creaky, and moderate for modal phonation.
H1-H2, a measure of spectral balance, is one of the most common ways to measure phona-
tion types. H1-H2 is an accurate measure of phonemic phonation types in óXo@o

0
(Bickley

2 Modal phonation is referred to as ‘clear’ in Mon and other Mon-Khmer languages such as Nyah Kur,
Kui, and Khmu’ Rawk.

3 Kirk et al. (1993) did find that the frequency of F1 was higher for laryngealized vowels than for their
non-laryngealized counterparts, but for a much smaller set of data than examined in Garellek & Keating
(2011).

4 Strident voice quality is produced by pharyngeal constriction and vibration of the aryepiglottic folds,
which affect the vibration of the true vocal folds (Traill 1985).
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1982), Jalapa de Díaz Mazatec (Blankenship 2002, Garellek & Keating 2011*, Keating et al.
2010*), Chanthaburi Khmer (Wayland & Jongman 2002), Green Mong (Andruski & Ratliff
2000), Mon (Thongkum 1987a), Takhian Thong Chong (DiCanio 2009), Santa Ana del Valle
Zapotec (Esposito 2010b), White Hmong (Keating et al. 2010*, Esposito 2012), Gujarati
(Keating et al. 2010*, Khan 2012*), Southern Yi (Keating et al. 2010*, Kuang 2011*), and
for a small set of data from Chong, Fuzhou, San Lucas Quiaviní Zapotec, Tlacolula Zapotec,
and Tamang (Esposito 2006). With the exception of male speakers of Santa Ana del Valle
Zapotec (Esposito 2010b), the authors are not aware of any language where H1-H2 is not
a successful measure of voice quality. Fewer studies use spectral tilt measures such as H1-
A1, H1-A2, and H1-A3 to successfully quantify the differences between phonemic phonation
types. Example studies include: Jalapa de Díaz Mazatec (Blankenship 2002); for male speak-
ers of Santa Ana del Valle Zapotec (Esposito 2010b), Gujarati (Khan 2012*) and Yi (Kuang
2011*).

2.2 About the languages

2.2.1 !Xóõ
óXo@o

0
is a Khoisan language spoken by around 4,000 people in southwestern Botswana, and

by several hundred in Namibia (Lewis, Simons & Fennig 2016). It has five vowel qualities
[i e ? u o], four lexical tones (high, mid, low, and mid-falling) and five phonation types:
modal, breathy, creaky, strident, and pharyngealized. Any of these phonation types can occur
with any tone. Phonation types in óXo@o

0
are distinguished by increased spectral noise, H1-

H2, and/or other measurements of spectral tilt, depending on the speaker (Ladefoged &
Antoñanzas-Barroso 1985, Gordon & Ladefoged 2001).

2.2.2 Burmese
Burmese is a Sino-Tibetan language of the Tibeto-Burman branch spoken by over 30 mil-
lion people in Myanmar (Lewis et al. 2016). It contrasts four tones: low, high, creaky, and
'killed' (Watkins 2001). The Burmese vowel inventory is analyzed in terms of two partially-
overlapping sets of vowel qualities which interact with tone: Set 1 vowels [i e E a u o ç ´]
occur in orthographically open syllables (low, high, or creaky tones), and Set 2 vowels
[I eI E aI a U oU aU] in orthographically closed syllables (killed tone, or low, high, or creaky
tones with nasalization) (Watkins 2000, 2001).

The low tone is characterized by low intensity and moderate length and the high tone
by high intensity, increased duration, and, for some speakers, breathiness. The creaky tone is
a falling tone characterized by very high intensity, shorter duration, and higher and more
fronted vowel quality. The killed tone is a falling tone with a syllable-final glottal stop,
marked by high intensity and the shortest length (Bradley 1982). In terms of their phonetic
properties, creaky and killed tones are very similar, though they can be distinguished by the
gemination of consonants following killed tones (where the final glottal stop assimilates in
place and manner to the initial consonant of the next syllable) and by the distribution of
vowel qualities over the two tones – only /a/ and /E/ occur in both creaky and killed tones (see
Watkins 2001). Creakiness in Burmese is distinguished by higher jitter values – a measure
of aperiodicity in the glottal source – compared to modal phonation (Javkin & Maddieson
1985).

2.2.3 Gujarati
Gujarati is an Indic language spoken by 45 million people in India, primarily in the state
of Gujarat but also in Maharashtra, Rajasthan, Karnataka, Madhya Pradesh, as well as by
sizable communities in the United States, Canada, and the United Kingdom (Lewis et al.
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2016). Gujarati vowels [i e E a ç o u ´] may be produced with either modal or breathy
phonation. Breathy vowels are characterized by greater airflow and a higher H1-H2/H1*-H2*
value when compared to modal vowels (Fischer-Jørgensen 1967, Esposito 2006, Khan
2012*), though other acoustic measures (i.e. H2*-H4*, H1*-A1*, H1*-A2*, H1*-A3*,
cepstral peak prominence, and harmonics-to-noise ratio), are also reliable indicators of
phonation type differences (Khan 2012*).

2.2.4 Jalapa de Díaz Mazatec
Jalapa de Díaz Mazatec (hereafter Jalapa Mazatec) is an Otomanguean language spoken
by approximately 17,000 people in Northern Oaxaca and Veracruz, Mexico (Lewis et al.
2016). It contrasts five vowels [i Q u o a], each of which can be lexically oral or nasal, three
tones (low, mid, and high), and modal, breathy, and creaky phonation (Kirk, Ladefoged &
Ladefoged 1993, Silverman et al. 1995, Garellek & Keating 2011*). Vowel qualities, tones,
and voice qualities are fully cross-classified (Silverman et al. 1995, Garellek & Keating
2011*). Kirk et al. (1993) show that creaky phonation is associated with higher F1 values than
either modal or breathy phonation. H1-H2/H1*-H2* is a successful measure of phonation in
Jalapa Mazatec (Blankenship 2002, Keating et al. 2010*, Garellek & Keating 2011*).

2.2.5 Mon
Mon is a Mon-Khmer language spoken by 800,000 people, primarily in southern Myanmar
but also in Thailand (Lewis et al. 2016). It contrasts nine vowels [i e E ´ a ? u o ç] along
with two registers: a high-level tone with modal phonation, and a low-level tone with breathy
phonation. All vowel qualities can occur with both registers, with the exception of [ç ?] and
the diphthongs [ao ?e], which only occur in the first register (Huffman 1990). There is some
dispute over the distinctive phonetic features of these registers, however. Lee (1983) finds the
difference to be one of duration and pitch, not phonation. Thongkum (1987b, 1990), however,
concludes that phonation type does play a part in the Mon register system; while most speak-
ers use modal phonation for the first register and breathy phonation for the second, some
speakers contrast degrees of breathiness (quantified by H1-H2 differences), with the second
register more breathy than the first, while others use creaky phonation for the first register and
breathy for the second. A more recent study, Abramson, Tiede & Luangthongkum (2015*),
finds that modal and breathy vowels are best distinguished by H1*-H2*, H1*-A2*, H1*-A3*
and closed quotient differences (as measured by an electroglottograph).

2.2.6 Santa Ana del Valle Zapotec
Santa Ana del Valle Zapotec is an Otomanguean language spoken in Santa Ana del Valle,
Oaxaca, Mexico, classified by The Ethnologue (Lewis et al. 2016) as part of the San Juan
Guelavía Zapotec subgroup, which has approximately 28,000 speakers; the exact number
of Santa Ana del Valle Zapotec speakers is unknown. Santa Ana del Valle Zapotec has six
vowels [i e i # a u o], each of which can have one of three contrastive phonation types: modal,
breathy, or creaky. Tone is contrastive on modal vowels, which may have a high or a rising
tone. Breathy and creaky vowels are both produced with a falling tone (Esposito 2010b).
Breathy and creaky vowels are best distinguished by H1-A3 for males and H1-H2 for females
(Esposito 2010b).

2.2.7 White Hmong
White Hmong is a Hmongic language spoken by approximately two million people in
Laos, Thailand, Vietnam and southwestern China, and by communities in the United States
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(Lewis et al. 2016). It contrasts [i e a ç u i # e
0
; ç

0
] and has seven lexical tones. The con-

trast between modal, breathy, and creaky phonation plays a part in the tonal system: the
rising (45), mid (33), low (22), mid-rising (24), and high-falling (52) tones are modal, while
the low-falling (21) tone is creaky and the mid-to-high falling (42) tone is breathy (Smalley
1976, Ratliff 1992, Esposito 2012*).

Phonation type in White Hmong is distinguished by spectral measures (specifically, the
amplitudes of the first harmonic (H1*) and H1*-H2*), measurements of periodicity (cepstral
peak prominence), and electroglottographic measures (closed quotient and Derivative-EGG
Closure Peak Amplitude) (Esposito 2012*).

2.2.8 Yi
Yi, a Tibeto-Burman language, is spoken in the Yunnan, Sichuan and Guizhou provinces of
China by approximately two million speakers (Lewis et al. 2016). Yi contains seven vowels
[i E a z ´ o u], where [z] represents a vowel which has assimilated to the preceding
consonant. (While not part of the International Phonetic Alphabet, the symbol has been
widely used by Chinese phoneticians – Jianjing Kuang pc, 14 November 2016). In addi-
tion, Yi contrasts three tones (high, mid, and low); the mid and low tones are produced
with either a lax or tense voice quality. Phonation type contrasts are best distinguished by
contact quotient (as measured by an electroglottograph), H1*-H2* and H1*-A1* (Kuang
2011*).

3 Method

3.1 Speakers and speech materials
All data used in this study came from one of three sources: the UCLA Phonetics Lab
Archive, an online collection of fieldwork recordings of over 200 languages (http://archive.
phonetics.ucla.edu/), the Production and Perception of Linguistic Voice Quality project
(http://www.phonetics.ucla.edu/voiceproject/voice.html), or, in the case of Santa Ana del
Valle Zapotec, recorded by one of the authors as part of a previous study on phonation type.
From the two electronic databases, languages with non-modal phonation types on vowels
were selected if (1) data from more than one native speaker were accessible, and (2) if those
data were transcribed to indicate voice quality. (This last criterion excluded some languages
for which data was available but transcription did not indicate phonation type.) Individual
tokens were selected for analysis as part of minimal or near-minimal sets contrasting phona-
tion types. All tokens that fit this criterion were examined. The number of tokens varied
across languages; wordlists are available in the appendix. Transcriptions were taken from the
source material, unless otherwise noted. Tone and coda consonant were not controlled, but
tokens with aspirated onset consonants were excluded because of their tendency to alter voice
quality of the following vowel (Garellek & Keating 2011*, Esposito & Khan 2012*). Data
were either digitally recorded or digitized as part of the archival process (with a 44.1 kHz
sampling rate). Tokens were extracted from longer recordings in Audacity (Audacity Team
2014).

3.2 Summary of language data
Table 1 summarizes the relevant phonetic information (i.e. the acoustic measures of voice
quality) presented in Section 2.2 and provides information on the recordings used for each
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Table 1 Table of relevant language data, including both phonetic and recording information.

Language Recorded by Initial recording
medium

Location and
date of recording

Number
and gender
of
speakers

Vowels
(examined in
current study)

Voice qualities
(examined in
current study)

Acoustic measures
of phonation
(reported in
previous research)

!Xóõ P. Ladefoged
& T. Traill

Reel-to-reel
tape

Botswana 1979 42
speakers,
all male

[?] Modal, breathy,
creaky

Spectral noise;
H1–H2

Burmese Two
recordings:
1. P.
Ladefoged;
2. Unknown

1. Reel-to-reel
tape; 2.
Cassette tape

1. Pune, India
1992
2. Soundproof
booth at the
UCLA Phonetics
Laboratory 1983

One male,
one female

[i e E a u
o ç ´][I eI
E aI a U
oU]

Modal, creaky Jitter

Jalapa
Mazatec

P. Ladefoged
& P. Kirk

Reel-to-reel
tape

Jalapa de Díaz,
Oaxaca, Mexico
1980s

Two male,
two female

[i Q u o a] Modal, breathy,
creaky

H1–H2/H1*–H2*

Gujarati S. Khan Digital Soundproof
booth at the
UCLA Phonetics
Lab 2008-2009

Three
male,
seven
female

[i e E a ç
o u ´]

Modal, breathy H1*–H2*,
H2*–H4*, H1*–A1*,
H1*–A2*, H1*–A3*,
cepstral peak
prominence,
harmonics-to-noise
ratio

Mon P. Ladefoged Reel-to-reel
tape

Multiple
recordings
locations:
unknown;
Thailand
1981–1986

Five male
speakers

[i e E ´ a u
o ie e´ ai
oi oa ua]

Modal, breathy H*1–H2*
H1*–A3*
H1*–A2*

Santa Ana
del Valle
Zapotec

C. Esposito Digital Soundproof
booth at the
UCLA Phonetics
Lab; other
locations around
Los Angeles,
California
2003-2005

Two female
speakers

[i e a uo] Modal, breathy,
creaky

H1–H2 and H1–A3

White
Hmong

C.Esposito,
J. Ptacek &
S. Yang

Digital Hmong American
Partnership (St.
Paul, Minnesota)
2008

11 female,
21 male

[i a ç u] Modal, breathy,
creaky

H1* and H1*–H2*

Yi J. Kuang Digital Xinping and
Jiangcheng,
China
2009

Three
female,
three male

[i E a z ´
o u]

Modal, lax,
tense

H1*–H2* and
H1*–A1*
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language, including number of speakers and vowels available5 for study from the audio
sources. We do not have access to specific details about the nature of the recordings, such
as microphone type, amplifiers and/or filters applied.

3.3 Procedure
For each word, the vowel was labeled for vowel quality and phonation type in Praat
text grids (Boersma & Weenink 2008) according to the transcriptions in the original
data, unless otherwise noted in the appendix. The frequency of the first (F1) and second
(F2) formants, a measure of spectral balance, H1*-H2*, and a measure of spectral tilt,
H1*-A3*, were measured automatically using VoiceSauce (Iseli et al. 2007, Shue et al.
2011). (More details on how measurements are calculated in VoiceSauce can be found at
http://www.phonetics.ucla.edu/voiceproject/Publications/Shue-etal_2009_ASA-poster.pdf;
Shue, Keating & Vicenik 2009). Spectral measures were corrected for surrounding formant
frequencies and bandwidths (Hanson 1995, Iseli et al. 2007); corrected harmonic amplitudes
are indicated by an asterisk (e.g. H1*-H2*). (See Iseli et al. 2007 for the spectral magnitude
correction formula.) Formant frequencies and their amplitudes were calculated using the
Snack Sound Toolkit (Sjölander 2004). Fundamental frequency (f0) was calculated by the
STRAIGHT algorithm (Kawahara, de Cheveigné & Patterson 1998).

Each acoustic measure was calculated at every millisecond of the target vowel, and then
averaged across three timepoints. Analysis was conducted on the timepoints where phonation
contrasts were localized in a particular language based on previous research and/or exami-
nation of the spectrogram. Care was taken to avoid consonant transitions at the beginning
and end of the vowel. For Burmese and Mon, a few diphthongs were included in the analysis
because they were available in the recordings. For these diphthongs, only the onglide vowel,
which is where the phonation was localized, was measured.

4 Results

4.1 Cross-language results
Two separate linear mixed-effects models were fit to the data using R package lme4 (Bates
et al. 2015) with F1, F2, and phonemic phonation type (modal, breathy, or creaky) as fixed
effects and either H1*-H2* or H1*-A3* as the dependent variable. Speaker and language
were nested random effects. The log function was used to rescale F1 and F2 measures; here-
after, referred to as log(F1) and log(F2). Results for each measure (H1*-H2* and H1*-A3*)
will be discussed separately. (Sex of speaker was not included as a fixed effect. For White
Hmong, Yi, Jalapa Mazatec, and Gujarati, previous research (Keating et al. 2010*) shows
that there are no significant interactions of phonation with gender for these languages. The
Burmese data included only one male and one female speaker, making it difficult to draw a
generalization regarding gender differences. The remaining languages in our study – óXo@o

0
,

Mon, and Santa Ana del Valle Zapotec – included data from only one gender.)

5 There were gaps in the recordings, such that not all vowels for a particular language were available for
analysis. In Table 1, we list the vowels that we analyzed in the current study. Diphthongs are included
when present in the data. The recordings for óXo@o

0
contained mostly [α], with very few examples of

phonation distinctions on other vowels. For this reason, and because we tried to use minimal sets when-
ever possible, the data here is limited to the vowel [?]. The [??] in the transcribed wordlist indicates a
long vowel.
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4.1.1 H1∗-H2∗
Using the MuMIn package (Bartoń 2015), the model showed an adjusted R2 value of .4275
(adjusted R2 = .1313 for fixed effects alone). Random effects (language and speaker) thus
predictably accounted for most, but by no means all of the variance (language: std. dev. =
2.132, speaker: std. dev. = 2.800). There was a significant interaction of all fixed effects
(p < .05, df = 4, χ 2 = 11.93). The model also contained significant main effects of log(F1)
(p < .001, df = 1, χ 2 = 737.09), log(F2) (p = .025, df = 1, χ 2 = 5.00), and phonation type
(p < .001, df = 5, χ 2 = 1872.61) on H1*-H2*.

4.1.2 H1∗-H2∗: log(F1)
There was a significant main effect of log(F1) on H1*-H2* (p < .001), and a significant
interaction with phonation type (p < .001). The effect of log(F1) on H1*-H2* is graphed
in Figure 1. (For all figures, the labels ‘breathy’, ‘modal’ and ‘creaky’ represent phonemic
phonation type, while H1*-H2* values represent phonetic phonation. Thus, what is labeled
‘breathy’ in Figure 1 refers to the phonemic phonation category, not the H1*-H2* value.)
For all three phonation types, vowels with higher log(F1) frequencies (i.e. low/open vowels)
had lower H1*-H2* values, suggesting a creakier phonation than vowels with lower log(F1)
values (i.e. high/closed vowels).

Figure 1 Graph of the effect of the first formant (log (F1), Hz) on H1*-H2* (dB) for three phonation types (breathy (solid black
line), creaky (light gray line) and modal (dark gray line)).

4.1.3 H1∗-H2∗: log(F2)
There was a significant main effect of log(F2) on H1*-H2* (p = .02)6 and a significant
interaction with phonation type (p < .001). The effect of log(F2) on H1*-H2* is graphed
in Figure 2. For all three phonation types, there was a positive relationship between log(F2)
and spectral tilt: vowels with greater log(F2) frequencies (i.e. front vowels) had lower spec-
tral tilt values, suggesting a creakier phonation type for front vowels than their non-front
counterparts.

6 A significant interaction of both log(F1)1* and log(F2)2* on H1*-H2* (p < .001) suggests that the
correlations of log(F1) and log(F2) with H1*-H2* are not additive.
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Figure 2 Graph of the effect of the second formant (log(F2), Hz) on H1*-H2* (dB) for three phonation types (breathy (solid black),
creaky (light gray) and modal (dark gray)). Note: log(F2) frequency increases from left to right.

4.1.4 H1∗-A3∗
For H1*-A3* the model showed an adjusted R2 value of .6042 (adjusted R2 = .0761 for fixed
effects alone). Random effects (speaker and language) thus predictably accounted for most,
but by no means all of the variance (speaker: std. dev. = 2.133). There were highly sig-
nificant interactions of F1:F2 (p < .001, df = 1, χ 2 = 97.75) and F2:Phonation (p < .001,
df = 2, χ 2 = 14.39), and a marginally significant interaction of F1:Phonation (p < .05, df = 2,
χ 2 = 9.17). The model also contained significant main effects of H1*-A3* for formant
values, with only a marginally significant main effect of phonemic phonation type: (F1)
(p < .001, df = 1, χ 2 = 106.19), log(F2) (p = .001, df = 1, χ 2 = 90.30), and marginally
significant phonation type (p < .05, df = 2, χ 2 = 8.50).

4.1.5 H1∗-A3∗: log(F1)
There was a significant main effect of log(F1) on H1*-A3* (p < .001). log(F1) was posi-
tively correlated with H1*-A3* (β = 133.26), such that low log(F1) values (i.e. high/closed
vowels) tended to have lower spectral tilt values. However, given significant interactions of
log(F1) with log(F2), the effect size for log(F1) was effectively only sufficiently large when
log(F2) values were at the low end of the range (β < 23.79, β < 27.29, and β < 17.24 for
breathy, creaky, and modal phonation, respectively7). When log(F2) was highest, there was
essentially no effect of log(F1) (β < −2.85, β < −4.14, and β < −2.73 for breathy, creaky,
and modal phonation, respectively8). The effect of log(F1) on H1*-A3* when log(F2) was
low and when log(F2) was high are graphed in Figures 3 and 4, respectively. For all three
phonation types, vowels with lower log(F1) frequencies (i.e. high/close vowels) had lower
H1*-A3* values, suggesting a creakier phonation than vowels with higher log(F1) values
(i.e. low/open vowels), though only when log(F2) values were low.

4.1.6 H1∗-A3∗: log(F2)
The significant (p < .001) main effect of log(F2) showed a positive relationship with
H1*-A3* (β = 103.66); however, considering the range of the data and the interactions in

7 Values when log(F2) = 770.6 Hz.
8 Values when log(F2) = 3886.0 Hz.
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Figure 3 Graph of the effect of the first formant (log(F1), Hz) on H1*-A3* (dB) for three phonation types (breathy (solid black line),
creaky (light gray line) and modal (dark gray line)) when log(F2) values are low.

Figure 4 Graph of the effect of the first formant (log(F1), Hz) on H1*-A3* (dB) for three phonation types (breathy (solid black line),
creaky (light gray line) and modal (dark gray line)) when log(F2) values are high.

the model, the actual effect was more complex. As with log(F1) above, significant interac-
tions of log(F1) and log(F2) meant that the effect size for log(F2) was much smaller when
log(F1) values were low. When log(F1) was at the bottom of the range, log(F2) was positively
correlated with H1*-A3* (β < 11.15, β < 12.10, and β < 9.91 for breathy, creaky, and modal
phonation, respectively9). The effect of log(F2) on H1*-A3* when log(F1) is low is graphed
in Figure 5. For all three phonation types, vowels with lower log(F2) frequencies (i.e. back
vowels) had lower H1*-A3* values, suggesting a creakier phonation than vowels with higher
log(F2) values (i.e. front vowels), though this effect was very small, and only applies when
log(F1) values were low.

When log(F1) was highest, the effect was reversed, such that log(F2) had a negative
effect (β < −28.38, β < −34.54, and β < −19.70 for breathy, creaky, and modal phona-
tion, respectively10). Vowels with higher log(F2) frequencies (i.e. front vowels) had lower

9 Values when log(F1) = 275.3 Hz.
10 Values when log(F1) = 3035 Hz.
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Figure 5 Graph of the effect of the second formant (log(F2), Hz) on H1*-A3* (dB) for three phonation types (breathy (solid black
line), creaky (light gray line) and modal (dark gray line)) when log(F1) values are low.

Figure 6 Graph of the effect of the second formant (log(F2), Hz) on H1*-A3* (dB) for three phonation types (breathy (solid black
line), creaky (light gray line) and modal (dark gray line)) when log(F1) values are high.

H1*-A3* values, suggesting a creakier phonation than vowels with lower log(F2) values (i.e.
back vowels), though only when log(F1) values were high. This interaction is graphed in
Figure 6.

4.2 Within-language results
When looking at the relationship between spectral measures and formants (regardless of
vowel quality) within a language, there was a negative relationship between log(F1) and
H1*-H2* for all languages11 tested (see Figure 7, graph on the left). Vowels with greater
log(F1) frequencies had lower H1*-H2* values, more typical of creaky phonation, suggest-
ing that lower/more open vowels within each language were more creaky and less breathy. For
the second formant (see Figure 7, graph on the right), all languages except Jalapa Mazatec,
for which there was no effect of log(F2) on H1*-H2*, had a negative effect of log(F2) on

11 The óXo@o
0
data were excluded from this analysis because they consisted only of tokens of [?].
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Figure 7 Graphs of the effect of log(F1),Hz) on H1*-H2* (dB) (left), and log(F2),Hz) on H1*-H2* (dB) (right) for Burmese, Gujarati,
Jalapa Mazatec, Mon, White Hmong, Santa Ana del Valle Zapotec and Yi.

H1*-H2*, suggesting that front vowels within each of these languages were more creaky and
less breathy.

Moving onto the second acoustic measure, there was a positive relationship between
log(F1) and log(F2) and H1*-A3* for all the languages tested except Jalapa Mazatec (see
Figure 8). For six of the seven languages tested, vowels with higher log(F1) and higher
log(F2) values had H1*-A3* values associated with breathiness. For Jalapa Mazatec, there
was a positive relationship between log(F1) and H1*-A3*; however, there was no interaction
between log(F2) and H1*-A3*.

Figure 8 Graphs of the effect of log(F1),Hz) on H1*-A3* (dB) (left), and log(F2),Hz) on H1*-A3* (dB) (right) for Burmese, Gujarati,
Jalapa Mazatec, Mon, White Hmong, Santa Ana del Valle Zapotec and Yi.

4.3 Language-specific differences in voice quality as a function of vowel quality
In this section, we take a closer look at the results within a subset of the languages studied
(Burmese, Jalapa Mazatec, and Santa Ana del Valle Zapotec) to see if vowel quality affects
the degree of non-modal phonation. Gujarati, Mon, White Hmong, and Yi were excluded
from this part of the study because the relationship between vowel quality and voice quality
has already been documented in Khan (2012*), Abramson et al. (2015*), Esposito (2012*)
and Kuang (2011*), respectively. óXo@o

0
was excluded because the data set contains only [?].

We choose to include Jalapa Mazatec in this section because, while it has been the focus of
two previous studies on voice quality (Kirk et al. 1993, Garellek & Keating 2011*), neither
provided data on phonation type for individual vowel qualities.

Separate two-way repeated measures ANOVAs (one for each language) were performed,
with vowel quality and voice quality as independent factors. Results showed that for both
H1*-H2* and H1*-A3* there was not a significant difference in phonation due to vowel
quality. The individual results for each vowel quality tested in Burmese, Jalapa Mazatec,
and Santa Ana del Valle Zapotec are graphed in Figure 9 (H1*-H2*) and Figure 10
(H1*-A3*).
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Figure 9 Graphs of the average H1*-H2* (in dB) value for individual vowel qualities in, clockwise from top row: Burmese, Jalapa
Mazatec; bottom row: Santa Ana del Valle Zapotec. Vowel qualities are transcribed using the International Phonetic
Alphabet along the x-axis. Phonation type is indicated with an 'M' for modal, 'B' for breathy and 'C' for creaky. Error bars
are standard error. There was no statistically significant difference in the phonation type between different vowel qualities.

Figure 10 Graphs of the average H1*-A3* (in dB) value for individual vowel qualities in, top row: Burmese, Jalapa Mazatec; bottom
row: Santa Ana del Valle Zapotec. Vowel qualities are transcribed using the International Phonetic Alphabet along the
x-axis. Phonation type is indicated with an 'M' for modal, 'B' for breathy and 'C' for creaky. Error bars are standard error.
There was no statistically significant difference in the phonation type between different vowel qualities.
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4.4 Summary
The current study examined phonation types in a wide range of vowels across eight unrelated
languages. For the acoustic measure H1*-H2*, results showed a tendency for vowels with
higher log(F1) and higher log(F2) values to be creakier, while vowels with lower log(F1) and
lower log(F2) values were breathier. These results are represented in Figure 11. This trend
holds true even when we collapsed phonation type differences and looked at the relation-
ship between just vowel quality and H1*-H2*. For all languages examined, except Jalapa
Mazatec, vowels, regardless of phonemic phonation type, with higher formant frequencies
were creakier, while vowels with lower formant frequencies were breathier. For Jalapa
Mazatec, there was no interaction between the second formant and the H1*-H2*.

Figure 11 The relationship between vowel quality and voice quality as measured by H1*-H2*. F1 and F2 are indicated with
solid-line arrows. H1*-H2* values are indicated with dashed arrows. Vowels with higher formants values have a
creakier H1*-H2* value. Vowels with lower formant values display a breathier H1*-H2* value. The Vowel Chart is from
the IPA Chart (http://www.internationalphoneticassociation.org/content/ipa-chart, available under a Creative Commons
Attribution-Sharealike 3.0 Unported License. Copyright ©2015 International Phonetic Association.)

Results for H1*-A3* were more complicated. For H1*-A3*, results showed a tendency
for vowels with higher log(F1) and higher log(F2) values to be breathier, while vowels with
lower log(F1) and lower log(F2) values were creakier. However, the relationship between
phonemic phonation type and spectral tilt was not highly significant without interactional
effects from log(F1) and log(F2). The positive relationship between H1*-A3* and formant
frequency held true even when we collapsed phonation type differences and looked at the
relationship between just vowel quality and H1*-A3*. Once again, results were different for
Jalapa Mazatec, where there was no interaction between the second formant and H1*-A3*.

A question arises as to why Jalapa Mazatec patterned differently from the other languages
tested? One reason might be because, in Jalapa Mazatec, voice quality and tone are fully
cross-classified, unlike any of the other languages tested.12 Perhaps this difference played a
role in the results.

In regards to degree of non-modal phonation for a particular vowel quality, we found no
significant difference in phonation type due to vowel quality in any of the languages tested

12 This is also true of óXo@o
0
, but it was excluded from the part of the study looking at language-specific

differences in voice quality as a function of vowel quality.
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for either H1*-H2* or H1*-A3*. Other studies, such as Esposito (2012*) on White Hmong
and Khan (2012*) on Gujarati, show the same pattern: phonation type does not vary as a
function of vowel quality. However, this result contrasts with the reported results for Green
Mong (Andruski & Ratliff 2000) and Yi (Kuang 2011*), making these the only two lan-
guages reported to have a phonation type difference due to vowel quality. This is particularly
interesting given that White Hmong and Green Mong are two mutually intelligible varieties
of Hmong, with similar phonation and vowel inventories; thus one might have expected them
to pattern the same way.

5 Discussion and conclusion
Why does a relationship between formants and voice quality exist? One reason may be vocal
tract length, which effectively alters formant frequency. During breathy phonation, the lar-
ynx may be lowered,13 lengthening the vocal tract and, thus, lowering formant frequencies.
For creaky phonation, on the other hand, the vocal tract is shortened due to a raised larynx
(Laver 1980) and/or the engagement of the aryepiglottic sphincter (Esling 2005). The shorter
vocal tract length in turn raises formant frequencies. This explanation fits with the results of
this study along the H1*-H2* measure, where vowels with higher formant frequencies are
creakier, and vowels with lower formant frequencies are breathier. However, these results do
not hold true for H1*-A3*, where results remain more complicated, and in some cases (i.e.
in terms of log(F1) when log(F2) is low, and of log(F2) when log(F1) is low) contradict the
observed results from H1*-H2*. One reason for this discrepancy could be due to issues with
using H1*-A3* as a measure of phonation in these eight languages. While H1*-H2* (or H1-
H2) has been shown to be a successful measure of phonation type for all of these languages
in previous literature (apart from Burmese, for which no studies we are aware of examine
H1-H2), H1*-A3* (or H1-A3) has been previously shown to quantify phonation in only three
of the languages, Gujarati, Mon, and Santa Ana del Valle Zapotec – and for the latter, only
male speakers (Esposito 2010b). In fact, in looking at Figures 3–5, we see that along the
H1*-A3* measure, the three phonation categories do not vary in the expected direction: the
breathy phonation category has values that fall in between creaky and modal. However, for
H1*-H2* (Figures 1 and 2), the values vary as expected for the three voice qualities – highest
for breathy, intermediate for modal, and lowest for creaky. Bearing this in mind, along with
the reduced explanatory power of the H1*-A3* model relative to the H1*-H2* model, and
the fact that the effects of log(F1) and F2 on H1*-A3* are localized to specific range of val-
ues, we take the H1*-H2* measure to be most useful in determining the relationship between
vowel quality and voice quality in these languages.

Furthermore, there could be a perceptual benefit to the covariation of phonation type and
vowel quality. Evidence supporting this idea comes from two studies examining the effects
of phonation type on the perception of vowel quality. In both studies, listeners’ judgements
were influenced by phonation type: listeners consistently identified breathier productions of
vowels as having higher vowel quality (Lotto, Holt & Kluender 1997) and creakier produc-
tions as lower (Brunner & Żygis 2011). These results are particularly interesting because
neither listening group (speakers of English and German, respectively) spoke a language
with contrastive phonation, and yet both were still perceptually attuned to the relationship
between vowel quality and voice quality seen along the H1*-H2* measure in the present
study.

Thus far, the explanations we have presented for the relationship between vowel quality
and voice quality assume that changes in phonation type induce changes in vowel quality.

13 Though in a study observing the vocal tract during different phonation types, breathy phonation is
observed with either a lowered or neutral laryngeal position (Edmondson & Esling 2006).
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However, from the current research, it is unclear which of the two variables14 is the causative
one. There is some evidence from historical reconstructions of the register distinction in
Mon-Khmer languages that suggests that laryngeal-height specifications that accompany
non-modal phonation are the causative variable. In a diachronic account of the origin of
register, Huffman (1976) proposes a stage where the breathy- and modally-phonated voiced
onset consonants are reanalyzed as two separate registers (i.e. breathy and non-breathy).
The phonation type of the onset consonant conditions a change in the vowel quality; when
the voice quality differences between the registers were lost, the vowel quality distinctions
remained.

Regardless of the cause and/or conditioning factor, any account of the relationship
between vowel quality and voice quality must address the fact that similar first formant fre-
quencies are reported for breathy and modal vowels in Mon15 (Thongkum 1987a), Nyah
Kur (Thongkum 1987b), Kui (Thongkum 1986), Khmu’ Rawk (Abramson et al. 2007) and
Gujarati (Khan 2012*). While the first four of these languages are all Mon-Khmer, the pres-
ence of Gujarati – an Indo-European language – on this list indicates that this phenomenon is
not simply an isolated areal feature of this language family. One theory that could account for
the similar first formant frequencies reported among breathy and modal vowels is that non-
modal phonation types may be produced without changing the size of the vocal tract (e.g.
with a neutral laryngeal position); this may explain why we do not see formant frequencies
varying as a function of phonation in these five languages. There are many ways to produce
non-modal phonation besides varying laryngeal height (including varying pharyngeal width
(Traill 1985, Samely 1991) and/or tongue advancement (see Denning 1989 for an overview)),
and future research could use articulatory tools to illuminate whether this is the case in these
languages.

In conclusion, the results of this study, using data from eight unrelated languages and
a wider vocalic inventory than previously investigated, show the following with regards to
the interaction of vowel quality and voice quality: First, using the H1*-H2* measure, there
exists a clear, cross-linguistic relationship between formant frequency and voice quality, with
vowels with higher log(F1) and log(F2) values being creakier, and vowels with lower log(F1)
and log(F2) values being breathier. Results are more complicated (and, in some cases, con-
tradictory) for H1*-A3*, though because of the reduced explanatory power of the model
using H1*-A3* and the fact that it has only previously been shown to successfully measure
phonation type in three of the eight languages examined here, we regard H1*-H2* as the
more useful measure in determining the relationship between vowel quality and voice qual-
ity. Second, for both H1*-H2* and H1*-A3*, vowel quality was shown not to significantly
influence the degree of non-modal phonation in these languages, aligning with previous work
on White Hmong (Esposito 2012*) and Gujarati (Khan 2012*), but contrasting with reported
results for Green Mong (Andruski & Ratliff 2000) and Yi (Kuang 2011*).
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14 An additional possibility is that vowel quality affects the accuracy of formant measurements and, there-
fore of formant correction, calling into question the accuracy of acoustic measurements. This concern
could be addressed with more articulatory studies on voice.

15 Mon is perplexing because different results were found in the current study; several factors could be at
play, such as dialect variation or that the current study uses corrected measuring techniques.
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Appendix: Wordlists from the languages examined in the present study
Transcriptions and translations are retained from original wordlists, unless otherwise noted.
Token order preserves the order from the source/archive material from which they were taken.

!Xóõ

In the transcription below, [?˘] is rendered as <??>.

qA 0? ‘long ago’

í@? ‘camelthorn tree’

ñ? #-Áje ‘wait for him/it’

ñgAÁje ‘bend’

ín8C ‘Á?m ‘be damp’

ón8C 0Á?m ‘evade’
ÁónA 00le ‘lower it

ó? #-le ‘climb up’

núGA 00li ‘species of tree’

úqA 0n ‘smooth’

ú?b@ ‘peg’

ó? #-l? ‘species of tree’

ñ? #-Á?be ‘hide it’

ón? #-Á ‘?be ‘surround it’

Burmese

poU ‘be surplus’

poU0 ‘send’

doU0/ ‘stick’

pam8 o
0
U0N ‘bread’

e0I 0/ ‘a bag’

e0I 0 ‘to sleep’

lE0/ ‘hand’

m´n8E0/ ‘morning’

t´bE0 ‘pupil’

lE ‘reserve’

tI 0/ ‘one’

wI 0/ ‘to wear’

sI 0/ ‘war’

twI 0 ‘to found’

za0/joU
0
N ‘play-shed, theatre’

Na0 ‘five’
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dim8 a0 ‘just here’

la ‘come’

so0/ ‘birth-story, play’

sa0I 0/jwE ‘paper’

pjç0 ‘appear, come to light’

mjE0
0
/na ‘face’

tU0
0

‘be wrinkled’

tU
0
N ‘to push’

s 0́ ‘a play’

t´g; ‘one animal’

´sa ‘piece’

6E0 ‘intellect’

6 8E/ ‘squeeze’

jE# ‘for one’

jE0> ‘possessive’

l 8u0 ‘to be pretty’

g´ju0 ‘importance’

lu ‘man’

lu0> ‘almost, nearly’

tu
0
˘ ‘to push’

tu
0
0 ‘to crow’

tu
0
0> ‘to be wrinkled’

wa0 ‘to be fat’

ja ‘thing which, place where’

´6aDa0 ‘man of the upper country’

deDa0 ‘a place’

wi 0ji 0ja0 ‘vigour’

tSa ‘to be long in duration’

tSa0> ‘to fall’

mjI
0
mma0 ‘mare’

t; ‘to be worth’

t; 0> ‘to be clean’

tSÚ # ‘to cut’

tSi 0> ‘to look’

pjI(n)naji 0 ‘scholar’

t´di 0 ‘one bushel’

le# ‘wind (N)’
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le0> ‘habit’

pç# ‘above, on’

pç0> ‘certainty’

le
0
I
0

‘twist’

le
0
0I 0
0
> ‘roll’

ko
0
U
0

‘completeness’

ko
0
0U0
0
> ‘pick it up’

SoU/ ‘to be confused’

t;I
0
6oU0 ‘cry’

Gujarati

kan ‘ear’

ka-n ‘Krishna’

paÍVu
0

‘to draw, to cause to fall’

pa-Í ‘mountain’

bar ‘twelve’

ba-r ‘outside’

ba˜ ‘arrow’

ba-nu
0

‘excuse’

malik ‘boss, god’

ma-ra(Z ‘priest, emperor’

rab ‘gruel, baby food’

ra-b´r ‘guide’

cSalaki ‘cleverness, trick’

s´la-kar ‘advisor’

Van ‘complexion’

Va-n ‘vehicle’

l´Varo ‘prattle, gossip’

Vj´Va-ru ‘feasible’

s´m´gr´ ‘whole, entire’

s´t 5jagr -́ ‘insistence on truth’

d5́ r´d5 ‘disease, pain’

s´r -́d5 ‘frontier, border’

keVu
0

‘of what kind’

kE-Vu
0

‘to say’

d5eSi ‘native, villager’

d5E-S´t 5 ‘apprehension’
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pelu
0

‘that’

pE-lu
0

‘first’

ben´mun ‘unparalleled’

bE-n ‘sister’

bero(Zgar ‘unemployed’

bE-raS ‘deafness’

mE
0

‘I’

mE-man ‘guest’

mEl ‘dirt, filth’

mE-l ‘palace’

VEr ‘revenge, enmity’

VE-r ‘sawdust’

VeV´j ‘father-in-law of one’s child’

VE-Var ‘daily interaction’

SerÍi ‘sugarcane’

SE-r ‘city’

cSint 5a ‘worry’

cSi -n´ ‘mark, trait’

ViVr´˜ ‘criticism, commentary’

Vi -V´° ‘puzzled and upset’

kçg°o ‘mouthful of liquid, gargle’

kç-Vu
0

‘to rot’

Ío°o ‘eyeball’

ÍolVu
0

‘to swing’

Íç-°u
0

‘dirty, polluted’

Íç-°Vu
0

‘to stir in’

d5oro ‘thread, necklace’

d5ç-Vu0 ‘to milk’

mok°u
0

‘spacious, open’

mç
0

‘mouth, face’

mçko ‘favorable opportunity’

mç-k ‘charming’

locS´n ‘eye’

lo-cSumb´k ‘magnet’

sod5o ‘trade’
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sç ‘hundred’

sç-d5́ r ‘born of the same mother’

n´iVed5 ‘food offered to god’

n -́jV´t 5 ‘slightly’

b -́w ‘many, much’

Jalapa Mazatec

n;26;1Si
0
3 ‘hunting dog’

n;26;1Si
0
03 ‘male dog’

ho2 nu
0
1 ‘two years’

ho2 nu
0
01 ‘two vines’

ngu2 Si2 k;2 ‘one is twenty’

ngu2 Si2 k; 02 ‘one lives alone’

tSa1 ‘old’

tSa01 ‘load’

/ju
0
1 nda2 ‘very good’

/ju
0
1 nda-32 ‘very hard’

ti2∏a01hÎ2 ‘choose’

ndQ-3 ‘horse’

ndQ03 ‘buttocks’

ja-2 tSi3nka2 ‘he wears a shirt’

ja02 tSi3nka2 ‘he carries a shirt’

nk2ja2 ‘house’

tSu3jQ-3 ‘turtle’

jQ03 ‘manure’

jQ3 ‘snake’

hQ2ngi -2 ‘went’

tSi 02ki 02 ‘he paints’

nÎ2/ja2ndi -3 ‘grass-roofed house’

tsi 03 ‘drunk’

si 03 ‘you drink (imperative)’

tsi 03 ‘nausea’

hi1tsi3 ‘yours’

ja01nÎ -2 ‘carries (on his back)’

tsÎ 0 ‘fever’

nÎ2 ‘red’

nÎ -3 ‘kernels of corn’
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/ju
0
1 ndZQ-21 ‘thief’

/ju
0
1 ntQ01 ‘very tame’

nga2 jQ-23 ‘everything’

ti1m;2ndzQ-2 ‘visible’

hQ02 ‘green ear of corn’

na2m8mi2ntQ02 ‘he doesn’t hear’

tQ2 ‘ten’

(n)tQ02 nta3 ‘I hear his voice’

tSQ02 ‘lazy’

tSu3nQ-3 ‘braids’

kWi2tSQ03 ‘his’

tSQ3tSQ3 ‘new’

mQ-
0
2 ‘he wants’

kQ0
0
2 ‘dead’

nÎ2mQ
0
2 ‘bumblebee’

ndZa-1 Su1 ‘chocolate drink’

/i3ja2ntSa01 ‘fence’

ti1Ba-2 ‘he hits’

ngWa-3 ‘he puts on’

kWa03 ‘it will happen’

ka2ma26a-2 ‘gather together’

tSa032 ‘armadillo’

nQ02Sa1ta021 ‘we (EXCL) work for’

6; -2 ‘nine’

n; -1 ‘tongue’

S; 03 ‘poor’

n;3 ‘mother’

jo-2 ‘meat’

(/ju
0
1) ndZo-2 ‘(a lot of) dust’

Bo-2 ‘hungry’

ti1/o2 ‘grinds’

tSo
0
03 ‘thunder, lightning’

ka3ma3ndu- ‘it became long’

ka3ma3ndZu- ‘it became tomorrow’

tSu01 ‘blouse’

ti2ju-2 ‘it is stopped’
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ti2/ju2 ‘you (PL) drink’

ta3Ba3Si16u
0
-2 ‘ear’

6u
0
-2 ‘four’

nu
0
1 ‘year’

nu
0
10 ‘vine’

ti1Ba-1/a3 ‘weave’

ti1∏Wa02 ‘diarrhea’

ni2∏Wa2 ‘clear, clean’

Mon

The original handwritten transcription uses [?] in place of [a]; based on the recordings and
analogous transcriptions in Huffman (1990), we have changed them to [a] here. The transcrip-
tion otherwise remains unchanged from the source. In the transcription below, [j] is rendered
as <y>.

kloik ‘pig’

klo-ik ‘waistcloth’

kle´N ‘to bind’

kle-́ N ‘to carry on the shoulder’

kloiN ‘wolf’

klo-iN ‘long’

kl´N ‘to come’

kl -́N ‘boat’

kle/ ‘to do last’

kle-/ ‘short’

kleh ‘to wear over shoulder’

kle-h ‘to carve meat’

to ‘cotton’

to- ‘center’

toa ‘hand’

to-a ‘to sleep’

nu-a ‘crest of bird’

pua ‘religious festival’

pu-a ‘as much as’

∫oa ‘bean’

∫o-a ‘older sister’

mu-a ‘one’

wE-/ ‘a Wa (an ethnic group)’
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hwE-/ ‘corpse’

Ni´k ‘small parrot’

Ni -ek ‘tooth’

say ‘to separate’

sa-y ‘skinny’

loik ‘moss’

lo-ik ‘book’

wa-iN ‘mint’

hwaiN ‘bifurcate (road)’

hwa-ik ‘serrated’

pay ‘reject’

pa-y ‘spouse of elder sister’

pay ‘to separate’

∫a-y (term of address)

Santa Ana del Valle Zapotec

In the transcription below, a falling tone on a breathy vowel is rendered with a grave accent.

ph/p ‘potato’

khr˘ ‘car’

phg ‘pay’

fhb ‘detergent’

thp ‘lid’

lht ‘(tin) can’

rhn ‘frog’

bhl ‘stick’

bh ‘cow’

kh/m˘ ‘bed’

nÜ 0/tS ‘rough’

dtd ‘father’

btd ‘duck’

lt/s ‘skinny’

sttmp ‘stamp’

kwt/tS ‘twin’

mtn ‘animal’

dtm˘ ‘owl’

dZtn ‘saint’
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ftld ‘skirt’

mtrkw ‘mark’

rÜ 0p ‘have’

ti -p ‘four’

bi -d ‘Tlacolula’

si -k ‘price’

bi -dZ ‘tepache’

di -ny ‘mountain’

ri -p ‘care’

n˘i -S ‘chocolate’

li -dy ‘clothes’

ni -l ‘thick’

ni -n ‘thick’

nÜ 0d ‘to stick’

da0/a0 ‘petate’

la0/a0 ‘huaje bean’

lÜ 0ts ‘field’

dZÜ 0/p ‘girl’

ba0/a0 ‘tomb’

befl 0l˘ ‘meat’

befl 0dz ‘rabbit’

be0/ ‘mushroom’

gefl 0l ‘dawn’

befl 0tz ‘child’

lçbr ‘book’

tçly ‘Spanish’

dçZ ‘language’

lçm ‘lime’

Sçl ‘wing’

tSÍntS ‘bedbug’

tSÍkl ‘gum’

tÍ/t ‘Tito (proper name)’

zÍt ‘stranger’

bÍ/tS ‘small animal’

z $Ú -t ‘far away’

dZ $Ú - ‘day’
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n $Ú -Z ‘delicious’

bÜ 0d ‘scabies’

ZÜ 0n ‘butt’

bÜ 0/t ‘skunk’

gÜ 0/a0 ‘nine’

dÜ 0ts ‘empty’

gÜ 0ts ‘hidden’

be@d ‘Peter’

pre@s ‘prince’

tSe@tS ‘Moses’

tSe@/k ‘check’

me@skl ‘mortar’

me&s ‘table’

be&rd ‘green’

be&n ‘twenty’

me&Rg ‘row of agave plants’

me&l ‘Ishmael’

de $-ts ‘back’

ge $-t ‘tortilla’

ge $-l ‘milpa’

be $-l ‘fish’

de $- ‘powder’

S $Ú -g ‘jicara’

n $Ú -z ‘dried corn cob’

Rifl 0/i 0 ‘jar’

nifl 0/i 0 ‘foot’

nifl 0s ‘water’

Zifl 0t ‘far away’

gifl 0ts ‘paper’

so@/br ‘envelope’

lo@r ‘parrot’

o@r ‘hour’

ko@tS ‘car’

bo@b ‘drool’

So&p ‘six’

so&p ‘soap’
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to&p ‘speed bump’

bo&t ‘canister’

ko&k ‘coconut’

tS $o-n˘ ‘three’

d $o-b ‘maguey’

k $o-b (a type of alcoholic drink)

l $o- ‘face’

d $o-p ‘short’

Rofl 0/ ‘big’

dofl 0n ‘if ’

bofl 0/ ‘carbon’

Zofl 0b ‘corn’

dofl 0p ‘flatulence’

lu@k ‘Lucas’

lu@dZ ‘tongue’

Su@k ‘upper arm’

ku@rs ‘course’

lu@s ‘Luis’

lu&py ‘Lupe’

mu&sk ‘music’

lu&Z (a type of edible rodents)

pu&nt ‘top’

gru&p ‘group’

Ru$- ‘cough’

ßu$ - ‘earthquake’

su$ -dy ‘a cut’

du$ -l˘ ‘fault’

Su$ -n ‘eight’

Rufl 0/ ‘mouth’

dufl 0/ ‘rope’

gufl 0n ‘bull’

lufl 0 ‘you’

gufl 0/ ‘sweet potato’

White Hmong

ca45 ‘haul or tow’

ka45 ‘insect’
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pç45 ‘ball-like’

tç45 ‘very deep’

ca33 ‘log’

pç33 ‘spleen’

tç33 ‘puncture’

ca22 ‘why, how’

ka22 ‘maggots’

ki22 ‘to infect’

kç22 ‘stem’

pa22 ‘stick’

pç22 ‘thorn; cover’

pu22 ‘escape with all or part of the trap/arrow still attached’

qa22 ‘disgust, sicken’

ta22 ‘finished, end, done’

ti22 ‘wing’

tç22 ‘to wait’

tu22 ‘open-minded, stable, peaceful’

Ωa22 ‘color, paint’

ca52 ‘ridge’

ka52 ‘dawn, bright’

pa52 ‘flower’

pç52 ‘female’

tç52 ‘ahead’

ca24 ‘argue, disagree’

ka24 ‘stem, stalk’

pç24 ‘throw’

tç24 ‘to mix’

ca021 ‘to stick; to argue’

ci 021 ‘mark’

ka021 ‘allow’

ki 021 ‘expensive’

ku021 ‘a proper name (male)’

pa021 ‘bridge; blanket’

pi 021 ‘vagina’

pç21 ‘to see’

pu021 ‘to see’
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ta021 ‘represent; sharpen (as in a knife)’

ti 021 ‘because of it’

tç021 ‘to bite’

tu021 ‘to stack’

Ωa021 ‘avoid’

ca-42 ‘root; origin’

ci -42 ‘light up’

cu-42 ‘collect’

ku-42 ‘very poor’

pç-42 ‘paternal grandmother’

qa-42 ‘axle; swivel’

ta-42 ‘done’

ti -42 ‘turn; steer’

tç-42 ‘chair’

tu-42 ‘whose; properly’

Ωa-42 ‘sentence’

Yi

bi21 ‘give’

bi
#
21 ‘rupture’

sz21 ‘twig’

sz
#
21 ‘new/thirsty’

s}121 ‘seven’

s}33 ‘screw’

bu33 ‘worm’

bu
#
33 ‘full’

dE33 ‘cut’

dE
#
33 ‘plain’

b´21 ‘mountain’

b´
#
21 ‘hoof’

b´’21 ‘bottle’

la21 ‘light’

la
#
21 ‘scoop up’

ƒo21 ‘sell’

ƒo
#
21 ‘obtain’

li33 ‘heavy’
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li
#
33 ‘to market’

dΩ}121 ‘wine’

dΩ}
#
121 ‘sew’

fu33 ‘flow out’

fu
#
33 ‘maggot’

kE33 ‘pick up’

kE
#
33 ‘scold’

d´21 ‘sun set’

d´
#
21 ‘to fruit’

z‘21 ‘pillar’

to33 ‘put’

to
#
33 ‘chop’
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