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H1-H2 across all timeslices (Spkr 7)

-5

0

5

10

15

20

1 2 3 4 5 6 7 8 9

Timeslice

H
1
-H

2 baɾ

bʱaɾ

ba̤ɾ

CQ

0

0.2

0.4

0.6

0.8

1 2 3 4 5 6 7 8 9 10

Speaker

C
Q

Modal

Breathy

RMS energy (4th-7th ninth)

-4

-2

0

2

4

1 2 3 4 5 6 7 8 9 10

Speaker

∆
R
M

S
 e

n
e
rg

y
 (

d
B
)

Modal

Breathy

Breathy phonation in Gujarati:
an acoustic and electroglottographic study

Sameer ud Dowla Khan, UCLA
sameeruddowlakhan@gmail.com Poster 5aSC25

Background

Breathy phonation
Breathy voice typically involves vibrating vocal folds spread further 
apart than in modal voice (L71, GL01):

Open glottis                              Voiced                Closed glottis

Voiceless     Breathy Lax Modal Tense Creaky      ʔ

Breathy phonation in Gujarati
Gujarati vowels contrast breathy vs. modal (F-J67):

Modal [bar] ‘twelve’ vs. breathy [ba̤r] ‘outside’

Breathy aspiration is also contrastive on consonants [bʱar] ‘burden’
One of the few lgs. to contrast breathy voice on both Cs and Vs

How can breathy and modal vowels be distinguished?
Acoustic studies of Gujarati breathy vowels:

Larger open quotient (H1-H2: F-J67, B82)
Sharply falling spectral tilt (H1-A1, H1-A2, H1-A3: F-J67)
Lower intensity (RMS energy: F-J67)

Perception studies show that Gujarati speakers:
Are more sensitive to H1-H2 than Mandarin, English, or Thai 
speakers (KGK10)
Use only H1-H2 when categorizing synthesized (B82, KK90) and 
foreign Vs (E06)

But what’s going on at the source?
No previous electroglottographic (EGG) study of Gujarati

Research questions

1. What acoustic cues distinguish breathy vs. modal vowels?
Expected: H1-H2, H1-A3, RMS energy
Additional cues?

2. What EGG cues distinguish breathy vs. modal vowels?
First EGG study of Gujarati

3. Are some effects restricted to portions of the vowel?
Beginning, middle, end?

4. How closely do acoustic properties match EGG properties?
H1-H2 often correlated with CQ, H1-A3 with PIC

Methods

Speakers
10 native Gujarati speakers; all but two in US <1 yr:

Spkrs 1, 3, 10: males, ages 21–25
Spkrs 2, 4, 6, 7, 8, 9: females, ages 21–30
Spkr 5: female, age 50

Stimuli
18 words in (near)-minimal pairs of [a] vs. [a̤]

Recording
Audio and EGG signals recorded simultaneously
Spkrs shown flashcard with stimulus in orthography, plus English gloss
Produced a sentence of their own creation, starting w/ stim, as many 
times as possible in 10s, producing fast, fluent, naturalistic speech

Analysis
”VoiceSauce” (SKV09) took >100 acoustic measurements per target V
”EGGWorks” took similar measurements from the EGG signal

Averaged in every 1/9 of the target vowel duration (“timeslices”)

Measures
For each speaker, values were averaged across “context”

Grouped by preceding C type: voiced stop, voiceless, or sonorant
Regressions compared means of [a] vs. [a̤] with respect to:

Four acoustic measures:
H1-H2 (uncorrected)
H1-A3 (uncorrected)
RMS energy
Cepstral peak prominence (CPP)

Two EGG measures:
Closing quotient (CQ)
Peak increase in closure (PIC)
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Background
H1-H2 is the difference in amplitude of first two harmonics
Acoustic correlate of open quotient (OQ) (H&C99, HSKCS01, HPGG95, 
F95, F97, SH95, H97)
Breathy vowels have higher H1-H2 cross-linguistically

!Xóõ (B82); Jalapa Mazatec, Chong (B01); Chanthaburi Khmer 
(WJ02); Chong, Fuzhou, Green Mong, White Hmong, 3 Zapotec lgs., 
!Xóõ, (E06); Tsonga (L&A-B85), Wa (W02)

Current findings
Breathy vowels showed a higher H1-H2 than modals

β=2.88dB, s.e.=1.01, t=2.85, p<0.01
Supports that breathy Vs have a more open glottis than modals
Supports previous data showing the salience of H1-H2 in Gujarati
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Acoustic results: H1-H2 Further questions

Breathy consonant release
How is [ba ̤r] ‘outside’ distinguished from [bʱar] ‘burden’ acoustically?

Prediction: timing of cues will distinguish the two (see fig. below)

Non-low vowels
Is breathiness marked with the same cues despite effects of V quality?

Variant productions
Gujarati breathy Vs are variably pronounced [V̤]~[VɦV]~[V] (D67)

Continuum of production types seen in current data (see fig. below)
Is the distribution of these productions predictable?
Are the same cues significant across production type?

H1-H2 across all timeslices (Spkr 7)
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Summary of findings

1. Two spectral measures distinguish breathy & modal
H1-H2 and H1-A3 are both higher in breathy Vs

2. One EGG measure also distinguishes the two:
Closing quotient (CQ) is lower in breathy Vs

3. Other cues were restricted to the middle of the V:
Greater intensity rise across middle of breathy Vs
Less periodicity at midpoint of breathy Vs

4. Unexpectedly, PIC was not correlated with H1-A3

EGG results: Closing quotient (CQ)

Background
Glottal cycle = opening phase + closing phase
CQ = proportion of cycle in closing phase
Lower CQ = more open = more airflow
Breathy has lower CQ in SADV Zapotec (E04)

Current findings
Breathy vowels had lower CQ than modals

β=0.06, s.e.=0.02, t=-2.93, p<0.01
Suggests wider glottis, more airflow in breathy

EGG results: Peak increase in contact (PIC)

Background
PIC = peak positive value in the first derivative of EGG signal (DEGG)

Equivalent to DECPA (M04)
Correlated with H1-A3 and speed of vocal fold closure (EPY09)
Breathy Vs have higher PIC in White Hmong (EPY09), Yi (K10)
Related measure shows similar results in SADV Zapotec males (E05)

Current findings
PIC does not distinguish breathy vs. modal
Unexpected, given that correlated H1-A3 does distinguish them

Closing Opening

[a ̤]-type

CQ = Closed / 

(Closed + Open)

(Spkr 7’s EGG reading was corrupted)

Acoustic results: RMS energy

Background
RMS energy is correlated with overall intensity
Breathy Vs differ in their RMS energy levels cross-linguistically

Higher energy in Javanese (WGJ94), Chanthaburi Khmer (WJ02).
Lower energy in Kui and Chong (T88)

Current findings
Overall RMS energy does not distinguish breathy vs. modal

Contrary to previous work on Gujarati (F-J67)
However, there is a dynamic difference in RMS energy

Energy generally rises during breathy vowels
Energy generally falls during modal vowels

Greater energy difference between 4th-7th ninths in breathy Vs
β=5.90dB, s.e.=2.04, t=2.88, p<0.01

Acoustic results: Cepstral Peak Prominence (CPP)

Background
CPP is a measure of periodicity
Breathy Vs have lower CPP  (less periodicity) cross-linguistically

Chong, Fuzhou, (H)mong, Mon, 3 Zapotec lgs., Tamang, !Xóõ, (E06)

Current findings
Overall CPP does not distinguish breathy vs. modal
However, there is a difference at the midpoint of the vowel

CPP dips to a local minimum halfway through breathy Vs
CPP remains high in modal Vs

Breathy Vs are less periodic than modal Vs in the 5th ninth
β=3.31, s.e.=0.67, t=-5.83, p<0.01

Waveform at the midpoint of a breathy V has more irregular cycles

(Spkr 3’s breathy value is off the scale: -20.2dB)

Acoustic results: H1-A3

Background
H1-A3 is a measure of spectral tilt (S&H95, H97)
Breathy Vs differ in their H1-A3 value cross-linguistically

Higher H1-A3 in Mon, 3 Zapotec lgs. (E06); Chong (DC09)
Lower H1-A3 in Chong, Wh.Hmong, Gr.Mong, Tamang, !Xóõ (E06)

Current findings
Breathy vowels showed higher H1-A3 than modals

β=4.01, s.e.=1.21, t=-3.32, p<0.01

CPP in 5th ninth
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Schematic of EGG signal taken from
http://aune.lpl.univ-aix.fr/
~ghio/pedago-EggUK.htm

[əɦa]-type


