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Legend has it that one day Garcia was strolling down the street. He 
was thinking of his sister, a famous opera diva and wondering how 
people could create such beautiful sounds. Could he find a way to 
look inside the instrument and see how it worked? Just at that 
moment, the sun caught the tip of his walking stick and the light 
was reflected onto his face. The idea of the laryngeal mirror was 
conceived and voice science bom. These early efforts in voice 
research took place in the first half of the 19C. By the late 1800's 
incandescent light was used with stroboscopy to provide more 
answers, but it wasn't until the development of microtechnology 
such as fiberoptics, digital analysis and imaging techniques in the 
20C that voice science has made the greatest strides.

This century William Vennard, was one of the American pioneers 
in singing research. He looked at the acoustics and physiology of 
the classical singing voice. (Vennard, 1967) Johan Sundberg, has 
also provided much information about the classical singing voice 
from his continuing research at KTH Voice Research Centre in 
Sweden. (Sundberg, 1987). The first singing qualities studied were 
"trained" singers vs "untrained" singers. These early studies pro
vided some answers but, as Jo Estill, an American voice teacher and 
researcher pointed out in a recent email correspondence "...they are 
trained or untrained. But trained to do what." (Estill, 1997). 
Sundberg has since become more specific with the type of voice 
quality and expanded his focus to include choral, belt and twang 
qualities. Jo Estill has broadened the scope further to include six 
basic voice/singing qualities: speech, falsetto, sob, opera, twang, 
and belt. (Estill, 1996) Ingo Titze has also written extensively on 
the physics of the singing voice. (Titze, 1994) However, many of 
the voice qualities people use in contemporary popular music 
remain somewhat of a mystery acoustically and physiologically.

Voice quality research also has another branch in the field of 
Linguistics. The most comprehensive taxonomy comes from John 
Laver, University of Edinburgh. (Laver, 1980). Some is quite spe
cific to the speaking voice, but the concepts can be adapted to the 
singing voice. Voice quality in speech "is the auditory colouring of 
an individual speakers voice" (Laver, 1980 pg 1) and involves voice 
quality settings. For example, a speaker might have a tendency to 
keep the lips rounded throughout speech. This colours the speak
er's utterance. Laver further divides voice quality settings into 
laryngeal and supralaryngeal settings. These are present for the 
duration of the speech sequences. For example, the previous sub
ject may have used modal voice with labial protrusion. Modal 
voice would refer to the laryngeal setting and labial protrusion 
would refer to the supralaryngeal setting. These settings have cor
responding diacritics. In singing, the same concepts can also be 
applied. For example, using Laver's taxonomy, a belter might use 
modal voice with a pharyngealized tongue body notated as a capi
tal V with two horizontal wavy lines through it. This describes a 
physiological configuration, but it is also an auditory label with an 
acoustic correlate. Phonetic taxonomy also describes speech as 
having specific units called segments (vowels and consonants). 
These segments have articulatory, acoustic and perceptual features. 
As with a speech dialect, segmental features can be analysed in 
singing style for acoustic correlates. For example, the pop style
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may use a less aspirate "t" than the classical style. The classical 
"ah" may be darker than the bright country "ah". This presentation 
will focus on the acoustic correlates o f voice quality settings how
ever, segmental features may also be discussed.

Jo Estill refers the combination of features as a "recipe" and trains 
singers to make a series of physiological adjustments to obtained a 
prescribed voice quality. Her list of parameters include: onset, con
striction and retraction of the false vocal folds, vocal fold plane, 
vocal fold mass, laryngeal tilt, soft palate control, anchoring, pha
ryngeal width, pharyngeal length, tongue control aryepiglottal con
striction. Dang and Honda (1996) also clarified the strong effect 
that the piriform sinuses have in voice quality. Physiological cor
relates for this presentation are currently under investigation and 
will not be discussed, however, acoustic results may be compared 
to the existing literature.

Much acoustic description of the voice still uses a model developed 
by Fant. (Fant, 1960) He described the voice using a linear model 
involving a source and three filters. He assumed the glottal source 
to be white noise filtered at the glottis to produce a source function 
which decreases by 12dB per octave in strength, the vocal tract as 
a single tube closed at one end which acts as a second filter pro
ducing the odd numbered formants at approximately 500Hz, 
1500Hz, 2500Hz etc. and the radiation effect as a third filter with a 
function increasing by 6dB per octave. This is the model which 
analysis algorithms such as LPC use so it is worth mentioning. 
Whether this model is "good enough" is always a contentious issue 
and the development of other models (Titze, 1997) and analysis 
algorithms is ongoing. The analysis methods used in this investiga
tion are Spectrograms generated using Fast Fourier Transform algo
rithm in 3D graphic format (CSL software), and LPC using the 
auto-regressive model and autocorrelation (solved using the 
Levinson function). Transfer function plotted using z-transform 
digital filter frequency response. (Matlab software). Decisions as 
to sampling rate, order number, windowing, preemphasis and other 
settings will be discussed.

The data for this presentation comes from a case study of Lisa 
Popeil, a singing teacher and performer, who can produce seven 
voice quality settings: pop, jazz, R&B, belt, opera, legit, country. 
Ms. Popeil has been a Los Angeles studio musician for many years 
and her singing styles have been heard on radio, advertising, cd, 
video and in live performance with such notable artists as Frank 
Zappa and Weird A1 Yankovic; therefore, the samples obtained are 
believed to approximate the norm for the singing styles under con
sideration. This presentation will focus on formant placement. 
Steady state and running sample vowels were sampled and 
analysed to determine formant frequencies and approximate energy 
in each formant. The values were then compared. Similarities and 
differences between the styles were noted. The styles will be relat
ed to labelling schemes by Jo Estill and John Laver. Perceptual 
testing has not been included in this investigation.

This type of research has been a great help to singing teachers as 
well as engineers for producing voice enhancement and education-
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al tools for singers.
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Scantek has all the latest in high 
quality sound and vibration 
instrumentation. For sale. Or rent. 
We also offer experienced tech
nical support, including instru
ment calibration. For more infor
mation or to place an order, call 
the number below, right now. 
You'll get good vibrations from 
our service, too.

New n from Rion:
Vibration Meter VM-82 -
Easy to use vibration 
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ment measurements.
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band real-time analyzer.
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|  mental measurements. Easy 

to read display covers 10OdB 
dynamic range. Memory card 
slot allows efficient data 

management.

Vibration Level Meter VM-52/VM-52A -
Low frequency vibration measurements for 

£  _ _ . _ floors, ground and vehicles.
The VM-52A features data 
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card.
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Vibration 
Analyzer VA-11 -
Sophisticated vibra- 

. /  tion analyzer with 
FFT capability. Simple 

operation.

1 /3-Octave Band Real-time 
Analyzer

SA-29/SA-30 -
Simultaneous anal

ysis of 1/1 and1/3- 
octave bands are possi

ble for 1-ch input. 1-ch 
(SA-29),2-ch (SA-30) models and ATA type 
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