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 Our study
 We use electrography (EGG) to investigate the interaction 

between (1) phonation mode and (2) pharyngeal area 
narrowing.

 Two laryngeal modes (based on cover-body theory of 
phonation, Hirano 1977 [1]);

 Thin fold vibration (cover, upper edge of the folds only)

 Thick fold vibration (cover & body) 

 Three supralaryngeal settings

 Normal/ No pharyngeal narrowing

As it is in normal speech

 Lateral Medial Pharyngeal Narrowing

 Lateral to medial narrowing of the pharynx (LMN) at 
the level of the oropharynx (a setting for “twang-style 
singing” [5], but also heard in ethonophonetic speech 
acts [6].

 Anterior Posterlor Narrowing

Anteriorly to posteriorly narrowed pharynx (APN) at the 
level of the tongue root (a possible setting for “opera-
style”) [4]

 Hypotheses
 1. Open Quotient (OQ) of vowels produced with thin folds is 

larger than that produced with thick folds

 2. EGG signals of thin folds will be more symmetrical than 
those of thick folds [3, 8]

 3. Pharyngeal narrowing will affect symmetry of EGG signal

 4. Pharyngeal narrowing will affect spectral information, i.e., 
increased energy in upper frequencies.

 5. Vowel height affects OQ.

 Methodology
 EGG  recordings: soundproof room at Arai Lab at Sophia University 

with electroglottograph (Glottal Enterprises EG2-PCX2) and an electret 
condenser microphone (Sony ECM-MS957) connected to a laptop 
computer via an audio interface (Edirol UA-25EX). Acoustic and EGG 
signals were recorded simultaneously using Audacity at a 44.1 kHz 
sampling rate.

 Speaker: Phonetician trained in Estill Voice Production Method [2]

 Sustained vowels: /i/, /e/, /a/ , Produced with 2 modes of phonation & 3 
settings of pharyngeal narrowing, total of 18 vowels

 EGG Analysis: Praatdet (Kirby 2017, [7]). OQ estimated by detection of 
derivative of the EGG signal of closing and opening peaks

 Acoustic Analysis: Voce vista

OQ of vowels produced with thin folds >  
than those produced with thick folds

Mean OQ values of vowels produced with thick folds (red) vs thin 
folds (blue). Intervals measured were from 0.9 to 1.0 sec for all 
vowels except for 1.5 to 1.6 sec for LMN.

Interactions of vowel height, f0, vocal fold 
thickness, pharyngeal narrowing & OQ

1.As F0 rises, so does OQ.
2.Differences in OQ due to vowel quality

As the vowel opens (becomes lower), OQ for thin folds       
increases. This finding is consistent with that reported in 
Figure 2 by Ingo Titze in his study about twang [9]. 

3. Differences in OQ due to vowel quality & pharyngeal narrowing
a. For /a/ on thin folds,  APN reduces OQ (increases CQ), 

even on high F0, 
b. For /i/ on thick folds, LMN helps reduce OQ/increase CQ)
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Results

Acoustic spectrograms and EGG signals of 6 /i/ vowels

Comments
1. Thin folds have less energy in higher frequencies & EGG signal more symmetrical than thick folds

2. Pharyngeal narrowing increases energy in upper frequencies; EGG signal is less symmetrical, which 
suggests that pharyngeal narrowing increases vocal fold thickness..

3. Lateral Medial Narrowing increases energy primarily in 3-4kHz region, & also above 6kHz.

4. Anterior Posterior Narrowing increases energy primarily in 2-3 kHz region
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