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Abstract 

“Throaty” is a term used for voice quality, generally 
pejorative, but sometimes considered as a desirable timbral 
ornament in non-classical singing. The throatiness of a male 
subject’s examples of the vowels /u, i, a, ae/ pronounced in 
throaty and normal voice were rated by an expert panel, 
showing that the examples were representative. The formant 
frequencies of these vowels were analysed by inverse filtering, 
revealing a consistently higher F1 in the throaty versions. The 
same subject’s vocal tract profiles for these vowels, 
pronounced in the two qualities, were documented by MR 
imaging and the area functions were computed. Their formant 
frequencies showed reasonably similar differences between 
the two qualities, discrepancies presumably resulting from 
lack of information on lip conditions and larynx height. 

1. Introduction 

The acoustic characteristics that determine voice quality are 
formant frequencies and voice source properties. Even though 
voice qualities in general may be hard to define some voice 
quality terms are quite frequently used. The term “throaty 
voice” is an interesting example. It  seems associated or 
synonymous with terms such as swallowed, tight, covered, and 
guttural. It is quite commonly used. The Internet returned 
more than 15000 quotes of “throaty voice”. The term even 
seems to have social connotations. According to Knapp (1) 
“Women displaying the same throaty voice quality were 
perceived as less intelligent, more masculine, lazy, ugly, 
careless, naïve or uninteresting”. Many voice pedagogues and 
therapists consider throaty quality as undesirable or even 
harmful to the voice. By contrast, it is often mentioned as a 
positive characteristic of singers’ voice quality in music 
reviews, apparently serving as a timbral ornament in some 
non-classical styles of singing. According to Titze 
(http://www.ncvs.org/singers/longevi.pdf) throaty voice 
quality is associated with high subglottal pressure and glottal 
hypertension resulting in e.g., irregular pops and transient 
sounds and producing a voice sounding strained, strangled, or 
otherwise hypertense. 

The purpose of the present investigation was to further 
analyse acoustic and articulatory characteristics of throaty 
voice quality. The investigation focuses on the two lowest 
formant frequencies and area functions based on MR data 

from a male speaker contrasting throaty and normal voice 
quality in four vowels.  

2. Material and Method 

2.1.1. Audio data  

A male subject, with no known voice pathologies and familiar 
with the concept of throaty voice quality, read a standard text, 
first habitually and then in throaty voice. The recording was 
made in a sound treated booth with a head-mounted high 
fidelity microphone (TCM110, omni-directional). Thirtytwo 
syllables, 16 from the throaty version and 16 from the normal 
version, were selected from this material and presented to a 
panel of 5 voice experts who rated the degree of throatiness 
along a visual analogue scale displayed on the computer 
screen. Among the syllables that received the highest mean 
rated throatiness the vowels [a], [ae], [u] and [i] were selected 
for further analysis in the present investigation. The formant 
frequencies were measured by inverse filtering the pressure 
signal, using the DeCap custom made program (Svante 
Granqvist).  
 

2.1.2. MR data  

The same male subject sustained each of these vowels in 
normal and throaty quality for about 15 seconds, while MR-
images were shot of 14 sections, equidistantly spaced and 
normal to the vocal tract length axis. The anteriormost section 
depicted the tip of the nose. The recordings were made at the 
Hôpital Erasme, Brussels in cooperation with radiologist 
Thierry Metens and phonetician Alain Soquet, Laboratoire de 
Phonologie Université Libre de Bruxelles.  

Each image in each of the eight series (4 vowels x 2 
qualities) was analysed by means of the OSIRIS program 
(http://www.expasy.org/www/UIN/html1/projects/osiris/osiris.
html). A polygon was drawn along the vocal tract contours, 
see Figure 1. The pixel co-ordinates of these polygons were 
then transformed into mm, using a custom made program 
(Papex, Roberto Bresin) which also calculated the co-
ordinates of the center of gravity and the cross-sectional area.  
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Figure 1. Example of an MR image of a coronal section of 
the oral part of the vocal tract for the vowel /a / (left 

panel). The vocal tract contour has been marked in terms 
of the hand-edited polygon, also shown, together with the 

calculated center of gravity of the polygon, in the right 
panel. 

The position along the vocal tract length axis of each 
section was computed as the Pythagorean distance between 
the center of gravity co-ordinates of adjacent polygons. Figure 
2 shows an example. In some vowels the epiglottis divided the 
contour into two parts, each of which was traced by a separate 
polygon. The areas of these polygons were then added. 

Figure 2: Examples of vocal tract length axis in the mid-
sagittal plane for the normal and throaty versions of the 

vowel /u/ (solid and broken curves, respectively). 

The estimation of vocal tract length was not trivial. Section 1, 
closest to the glottis, was located at an unknown distance 
above the glottis level. When constructing the area functions 
this distance was provisionally assumed to be 1 cm in all  
 

 
vowels. As the locations of the various sections were basically 
fixed relative to the body, the first section would have varied 
relative to the glottis, if the larynx position were changed. For 
example, a rise of the larynx would shorten the vocal tract 
length, even though this was not evident from the MR images. 
Lip protrusion and spreading caused similar problems but no 
information on larynx height and lip conditions was available. 

The formant frequencies of the area functions thus 
obtained were estimated using the custom made Formflek 
program (Johan Liljencrants). This program accepts as input 
an area function and calculates the associated formant 
frequencies.  

3. Results 

The different panels in Figure 3 show the area functions of the 
four vowels in the two voice qualities. By and large, the area 
functions for the different vowels show the expected 
characteristics. The /a/ has a narrow pharynx and a wide 
mouth cavity, the /i/ has a wide pharynx and a narrow mouth, 
the /u/ shows a large mouth cavity and constrictions in the 
pharynx and at the lips. The normal version of /ae/ has a rather 
non-constricted vocal tract shape. In the throaty as compared 
to the normal versions the lower part of the pharynx is 
consistently narrower for all vowels, particularly for /u/ and 
/a/. Near 10 cm along the vocal tract the throaty versions 
showed a wider area. This may reflect the fact that tongue 
volume is constant; a constriction at one point must be 
accompanied by an expansion elsewhere.  

The area measured in section 1, closest to the glottis, 
differs considerably between the two versions for all vowels. 
This is an artefact caused by a higher laryngeal position in the 
throaty version (2). As the orientation of section one was fixed 
relative to the body, a raised larynx caused the glottis to 
approach this section. The difference is illustrated by the 
images shown in Figure 4. As by and large the cross-sectional 
area tends to expand with increasing distance to the glottis in 
the laryngeal region (3), the wider dimensions of the tube for 
the normal version show that it must belong to a section 
located  
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Figure 3: Area functions of the vowels [a, u, ae, i] (upper 
left and right and lower left and right panels, respectively) in 
normal and throaty version (solid and broken curves, 
respectively). 

 
Figure 4: Examples of MR images of section one, showing 
laryngeal structures in the normal and throaty versions (left 

and right panels, respectively) of the vowel /u/. 

Figure 5: Formant frequency ratio between throaty and 
normal versions of the indicated vowels. The left and right 

panels refer to F1 and F2, respectively. Dark columns: 
subject’s audio data; unfilled and grey columns: data derived 
from the MR-based area functions without and with a 1 cm 

lengthening of the laryngeal part. 
 

 
further away from the glottis than in the case of the throaty 
version. Note, for example, that the piriform sinuses are much 
larger in the normal than in the throaty version. A difference 
in larynx height between the normal and throaty versions 
would explain the contour differences in section one between 
the two versions. 

The black columns in the left and right panels in Figure 5 
show the F1 and F2 ratios, respectively, between the subject’s 
throaty and the normal versions of the vowels as measured 
from the audio recordings. The formant frequencies differed 
considerably in some cases, F1 being higher in the throaty 
versions for all vowels, and F2 differing in a vowel- dependent 
manner. 

The white columns represent the results from the area 
functions derived from the MR data. There are considerable 
discrepancies. For instance, for F1 the ratios of the area 

functions are smaller and even negative. For F2 the changes 
went in the wrong direction in all vowels. Part of these 
differences may be related to the difference in larynx height 
suggested by the vocal tract contour in section one; as 
mentioned the larynx must have been higher in the throaty 
than in the normal versions.  
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An attempt to model this difference was made by adding 
1 cm vocal tract length at the glottal end in the normal 
versions, using the cross sectional area measured in section 
one. The formant frequency ratios between the throaty and 
normal versions obtained after this lengthening are plotted as 
grey columns in the same Figure 5. The added vocal tract 
length increased the similarity or decreased the dissimilarity 
with the subject’s audio data in most cases, even though the 
F1 ratio in /ae/ increased too much and the F2 ratio in /i/ 
changed in the wrong direction.  

4. Discussion 

The F1 and F2 differences between the throaty and normal 
versions observed for the area functions did not match those of 
the subject’s audio recordings very closely. There may be 
several reasons for this. First, the area functions were derived 
from no more than 13 sections of the vocal tract, the distance 
between adjacent sections exceeding 1 cm. This implies a 
comparatively large spacing of the sections and hence lack of 
detail. This would cause errors of the higher formant 
frequencies mainly. In reward, this density of sections limited 
exposure time to 15 sec, thus allowing all sections to be taken 
in one single breath. Second, MR images do not show teeth. 
This limited the accuracy of the polygon interpretation of the 
sections in the mouth cavity. Third, exact determination of the 
lip plane and the glottal level was impossible, requesting 
approximations based on indirect evidence such as larynx 
contours (2). No attempt was made to model lip plane 
variation between vowels. Fourth, it should be recalled that 
the audio data and the MR data originated from different 
occasions.  

Given all these limitations, the agreement between the 
audio and the MR formant frequency data can be regarded as 
encouraging. They show that the throaty versions were 
characterised by a higher F1 in all vowels analysed except /u/. 
This is not surprising since a narrowing of the pharynx tends 
to raise F1 and since F1 in /u/ is also highly sensitive to lip 
rounding (Fant, 1960). Moreover, a narrowing of the pharynx 
tends to lower F2 in /i/, a change observed in the subject’s 
audio data, but not in the MR based area functions, possibly 
depending on errors in the approximation of larynx height and 
lip plane.  

Our results strongly suggest that in all vowels analysed 
throaty voice quality is associated with a narrow pharynx, i.e. 
with an articulatory setting (5). It is tempting to speculate 
about the muscular correlate of the narrowing of the pharynx 
in throaty voice. A strong candidate is the middle constrictor 
muscle, which also has the effect of raising the larynx. Also, it 
is interesting that the term “throaty” is commonly used for this 
type of voice. Generally, our intuitive knowledge of 
articulation is quite limited and vague. Yet, the term throaty 
rightfully suggests that articulation is associated with the 
pharyngeal configuration. This reflects an intuitive realism, 
possibly based on proprioceptive feedback. Incidentally, such 

intuitive realism on articulation would constitute an essential 
part of voice teachers’ skills.  

Here we have considered articulatory correlates of the 
throaty voice quality. For a more exhaustive description of 
this quality also voice source characteristics need to be 
studied. We plan to return to this aspect in a forthcoming 
study. 

5. Conclusions 

Throaty as compared to normal voice quality seems 
associated with a narrowing of the lower part of the pharynx 
and an expansion near the middle of the vocal tract. Also, the 
throaty voice seems associated with a higher larynx position 
than normal voice. The pharyngeal narrowing produces an 
increase of F1 in the vowels /a, ae, i, u/ while the effects on F2 
vary. 
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