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This talk reports an exploratory study which examined how the source and the filter contribute to 
voice quality differences. The speaker was a female phonetician (first author) trained in the Estill 
Voice Training Method® of singing [1], who produced nine sustained vowel sounds with different 
voice qualities by varying F0, mode of phonation, and articulatory (pharynx and tongue) positions. 
Acoustic and MRI recordings were made at ATR, Inc. Kyoto, Japan, using the BAIC MRI recording 
facilities for two /i/-vowels produced at around 500 Hz with two modes of vocal fold vibration: THIN 
and THICK. THIN vocal folds were produced using the upper edge and cover of the vocal folds, while 
THICK folds, with using greater mass and body of the folds and both upper and lower medial edge 
(see [2] for description of vocal fold composition). Roughly speaking, THIN folds correspond to 
falsetto-type phonation, and THICK folds, to modal-type (chest) phonation [3]. Acoustic analysis of 
the two /i/ vowels were done using the ARX-LF model [4, 5]; in addition, EGG (electroglottograph) 
recordings (Glottal Enterprises, EG2-PCX2) of THIN and THICK /i/vowels at around 500 Hz were 
made separately in the soundproof booth of the Arai-lab, Sophia University, Japan. Open quotients 
(OQ) were measured using the derivative of the EGG signals as in [3, 6]. How these different voice 
qualities impact perception have also been explored but is separately reported in [7]. 
 

 
 
Figure 1. MRI images. From left to right THIN vocal folds, THICK vocal folds, overlay of THIN (pink) and THICK (green). 
For the overlay, pink (THIN folds) were moved upward and forward, and green (THICK folds) were moved backward and 
downward. 
 
MRI images of the two modes of phonation (THIN and THICK folds) are shown in Figure 1. Visual 
inspections suggest that even though the speaker kept the larynx position the same for the two modes 
of phonation, the vocal tract area is different. For THICK folds, the velum is more raised and the tongue 
is more bunched, suggesting that more articulatory adjustments were required for the THICK fold 
phonation. Also, the posterior oral cavity and oropharynx of the THICK voice (the middle panel) 
appears to be bigger than that of the THIN voice (the left panel). Quantitative analyses of the vocal 
tract areas of the two sounds are on-going and will be reported and compared with the estimated 
acoustic outputs generated by the ARX-LF model [8].  
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In applying the ARX-LF model, we assume the glottis=1. The obtained formant values, spectral tilt 
and open quotient (OQ), are shown in Table 1. We see that F1 is higher and F2 is lower for the THICK 
voice than for the THIN one, thus bringing F1 and F2 closer together.  This result is consistent with 
the findings from examination of the relation of vocal tract shape to three voice qualities, which 
reported that a wide oral cavity and increased tract length may cause F1 and F2 to be closer together 
[9]. 
 
Table 1. ARX-LF model estimates of F0, formants, spectral tilt, and open quotients (OQ). Also, shown are OQ derived 

from egg from separate recordings.  
 

ID Phonation 
mode F0 F1 F2 F3 F4 Tilt OQARX-

LF OQegg 

5 THIN 
(falsetto) 500 510 1980 2479 4377 -15.6 0.47 0.78 

6 THICK 
(modal) 520 533 1740 2654 3105 -12.7 0.4 0.55 

 
Table1 also shows the THIN voice has a sharper spectral tilt and a larger OQ than the THICK voice, 
indicating that the former produced a more breathy voice than the latter. Previous studies, e.g., [10], 
have similarly reported that falsetto voices have less glottal contact than chest voices, resulting in 
more breathy voice quality. Two OQ values are shown in the table, one estimated by the ARX-LF 
model, the other from EGG recordings made at a separate time. Both show the same tendency of the 
THIN voice having a higher OQ than the THICK one.  
 
The results of this exploratory study suggest that when a speaker changes phonation modes (e.g. THIN 
vs THICK), supralaryngeal articulation is also changed. The study by [10] reported formant differences 
between falsetto and chest voices, but could only speculate about “putative articulatory changes 
associated with the change in laryngeal mechanism” (p. 500). Our study with MRI shows that 
supralaryngeal gestures do indeed change when phonation mode is changed, but it also indicates more 
specifically what these changes involve.   
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