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ABSTRACT

A study was conducted on six female Music Theatre singers. Audio and Electroglottographic (EGG) signals were re-
corded simultaneously with the vocal tract impedance while the singers produced sustained pitches on two different

qualities (‘chesty belt’, ‘legit’). For each quality, two vowels (/E/, /o/) were investigated, at four increasing pitches
over the F#4-D5 range (~370-600 Hz). Measured values of glottal parameters (Open Quotient, Amplitude of the EGG
signal) support the idea that ‘chesty belt’ is produced in the first laryngeal mechanism (M1) and ‘legit’ in the second
one (M2). The frequency of the first vocal tract resonance (R1) was found to be systematically higher in ‘chesty belt’,
close to the second voice harmonic (2fp). These observations were consistent with greater intensities and energy

above 1 kHz in ‘chesty belt’ compared to ‘legit’.

INTRODUCTION

The past few decades have seen a growth in demand for the
teaching of Contemporary Commercial Music (CCM) vocal
styles, including Country, Pop, Broadway, Music Theatre,
R&B, Jazz, Rock & Blues (Lovetri, 2008). However, many
teachers lack experience and knowledge of appropriate train-
ing requirements (LoVetri and Means Weekly, 2003, Weekly
and LoVetri, 2009), while others are concerned about appar-
ent vocal health risks inherent to these styles (Osborne,
1979a, Osborne, 1979b, Howell, 1978). Further evidence-
based information on these modes of production is required
to inform singers and teachers of ways to avoid risk and pre-
vent potential injury.

A number of studies on the CCM voice have established that
there are key differences between the contemporary ‘belt’
voice and the more classically-based ‘legit’ sound. Perceptual
studies have shown that CCM ‘belt’ is characterized by a
‘bright’ sound with ‘ring’ and ‘forward’, speech-like vowels
(Edwin, 2004, Popeil, 2007), in contrast to the ‘covered’
sound and ‘back’ vowels of the classical voice (Estill, 1980).
It is perceived as a more projected quality than classical sing-
ing (Estill, 1980, Edwin, 2002), with a less pronounced vi-
brato (Miles and Hollein, 1990). Although some studies de-
fine ‘belt’ as a sound with a ‘high level of nasality’ (Miles
and Hollein, 1990), this need not always be the case
(LeBorgne et al., 2009). A number of articles have argued
that the female ‘belt’ voice is characterized by a prolonged
use of the chest register at higher frequencies than the classi-
cal voice (Schutte and Miller, 1993, Miles and Hollein, 1990,
Bestebreurtje and Schutte, 2000).

Physiologically, vocal registers are underpinned by different
laryngeal behaviors and vocal tract adjustments (Henrich,
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2006). At the laryngeal level, chest and head/falsetto registers
are underlined by two different laryngeal mechanisms (M1
and M2), differing by the participation or not of the vocalis
muscle to the vibration of the vocal folds (Roubeau et al.,
2009). Vocal production in mechanism M1 typically shows
lower open quotient values than in M2, higher amplitude and
greater asymmetry of the Electroglottographic signal
(Henrich et al., 2005). Female classical singers almost exclu-
sively use the laryngeal mechanism M2, while studies have
shown that CCM ‘belt’ production demonstrates higher levels
of subglottal pressure than classical singing (Sundberg et al.,
1993), as well as higher closed quotient values (Schutte and
Miller, 1993), supporting the idea that ‘belt’ may be pro-
duced in mechanism M1.

At the vocal tract level, CCM ‘belt’ production requires a
higher larynx position (Sundberg et al., 1993, Yanagisawa et
al., 1983, Lawrence, 1979, Estill, 1980, Miles and Hollein,
1990, Balog, 2005) and a higher and more relaxed, forward
tongue than for classical singing (Estill, 1988, Balog, 2005,
Lawrence, 1979, Miles and Hollein, 1990, Lovetri et al.,
1999). CCM ‘belt’ singers typically adopt a more constricted
pharynx in comparison with classical singers (Sundberg et
al., 1993), possibly with a megaphone-shaped configuration
of the vocal tract, compared to inverted-megaphone shapes
observed in opera singers (Titze and Worley, 2009). As a
consequence of this narrowed vocal tract, the spectrum of the
‘belt’ sound demonstrates strong high frequencies in the
spectrum (Estill, 1980, Sundberg et al., 1993, Bestebreurtje
and Schutte, 2000, McCoy, 2007), leading to the perception
of brightness and ring in the sound.

The higher larynx and raised tongue that is characteristic of
‘belt’ singing is consistent with higher frequencies of the first
formant (F1). Observations of a female music theatre singer
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suggest that the purpose of raising F1 may be to adjust it
close to the second harmonic (2fy) (Schutte and Miller, 1993).
Further support for this hypothesis can be found in the tuning
of the first vocal tract resonance (R1) on 2f, which has also
been observed on a Bulgarian singer who also uses the M1
mechanism for the ‘teshka’; a quality similar in timbre to
‘belt’ (Henrich et al. 2007). By contrast, studies on classical
singing have observed systematic tuning of R1 on the first
voice harmonic (f) only from B4 (494Hz)-D5 (587Hz)
(Joliveau et al., 2004, Wolfe et al., 2009), and R1:H2 tuning
has been observed in some singers at lower pitches; A4
(440Hz) ~B4 (494Hz), on [a] vowels in M2 mechanism
(Garnier et al., 2010). Previous studies indicate that there is
no systematic tuning of the second vocal tract resonance (R2)
for female classical singers (Garnier et al., 2010). R2:2f;
tuning has been reported in some singers on [a] vowels be-
tween C5 (523Hz) and G5 (784Hz). There have been no stud-
ies of R2 tuning in the ‘belt’ sound.

Very few of these studies have specifically focused on the
music theatre voice. The female music theatre voice includes
a wide variety of voice qualities; not only “belt” but also
“legit”, “twang” and “mix” qualities (Bourne and Kenny,
2008, Popeil, 2007, Lovetri, 2002, Edwin, 2003, Bourne et
al., 2010). There is no published research on professional
music theatre singers that objectively compares the acoustical
and physiological features of these different vocal qualities,
and how they compare to CCM “belt” and classical singing.

A single subject study of a female singer in a ‘non-classical’
style found that her ‘legit’ demonstrated ‘falsetto’ character-
istics at the laryngeal and spectral level, with a raised F1 just
below, but not matching 2f; (Schutte and Miller, 1993).
Broader studies of the music theatre voice indicate that sing-
ers in these styles demonstrate many of the characteristics of
the CCM ‘belt’ voice (Stone et al., 2003, Bjorkner, 2008,
Bjorkner et al., 2006, Barlow and Lovetri, 2009, Bourne and
Kenny, 2008), although none of these studies specifically
measure ‘belt’ or ‘legit’.

As a consequence, this study aims to compare the produc-
tions of 4 professional and 2 advanced student music theatre
singers in ‘Chesty belt” and ‘Legit’ qualities. We simulta-
neously measured audio and electoglottographic signals, as
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well as the vocal tract impedance (Epps et al., 1997), in order
to characterize their differences in laryngeal behavior, vocal
tract adjustment and radiated sound.

MATERIAL AND METHOD

The subjects for this study included four professional music
theatre singers (Subjects PR1, PR2, PR3, PR4) and two ad-
vanced tertiary level students specializing in Music theatre
singing (subjects AD1 and AD?2). Singers were asked to sus-
tain a single note for 4 seconds, with no change in pitch or
loudness and with limited vibrato. Four ascending pitches,
generally spaced by one tone, were recorded in this way, the
top one chosen as the highest comfortable ‘belt’ note of each
singer. Five measurements were made for each pitch, and for
the two vowels [E] and [o0]. This whole procedure was re-

peated 5 times for each of the qualities, ‘Chesty belt’ and
‘Legit’.

Singers stood in front of a stand with a 1/4" pressure micro-
phone (Briiel and Kjar 4944-A) and a small tube attached,
side by side. A second identical microphone was placed 30
cm away from the stand, and in front of the singer. The audio
signals from both microphones were pre-amplified (Briiel
and Kjaer Nexus 2690), then digitised at 16 bits and a rate of
44.1 kHz using a Firewire audio interface (MOTU 828).

The vocal tract was excited at the lips only during the last 3
seconds while the subject was singing, with a synthesised
broadband signal, and the vocal tract response to that excit-
ation was recorded with the microphone at the lips (Epps et
al., 1997). The frequency of the first two vocal resonances
was detected manually by two of the authors, from the
maxima of the measured impedance ratios.

The mean Sound Pressure Level (SPL) and the Average
Spectrum (LTAS, with NFFT=4096 points) were measured
from the first “clean” second of audio signal (recorded 30cm
away from the lips), when the vocal tract was not excited yet.
The coefficient a, defined as the ratio between the energy
above and below 1kHz, was computed from the LTAS
(Sundberg and Nordenberg, 2006).

Table 1. Comparision of the amplitude of the EGG signal, the Open Quotient and the Ratio between Closing and Opening peaks of

the DEGG signal between productions in ‘chesty belt” and ‘legit’ qualities, for the two vowels [E] and [o].

EGG Amplitude 0Q Ratio CI/Op peaks
‘Chesty belt’ ‘Legit’ ‘Chesty belt’ ‘Legit’ ‘Chesty belt’ ‘Legit’

[E] 0.22+£0.03 0.2 +0.02 0.40 +£0.02 0.67 £0.07 4.16 +£0.46 2.81+£0.9
PR1

[o] 0.30+0.03 0.37£0.03 0.44+£0.01 0.7 £0.03 4.66+04 245+0.34

[E] 0.16 £0.01 0.24 +£0.04 0.42 +£0.09 0.65 +0.06 2.53+£0.36 2.24+0.2
PR2

[o] 0.15+£0.02 0.29 £0.03 0.38+0.08 0.64 +£0.04 2.28+0.5 2.56+0.17

[E] 0.13+£0.02 0.11+£0.04 0.6 +0.08 0.78 £0.04 244 +£0.22 2.13+£0.36
PR3

[o] 0.09 £0.01 0.09 £0.03 0.62 +£0.09 0.84 +£0.06 2.13+£0.24 1.77£0.5

[E] 0.11+£0.02 0.1 +0.01 0.44 +£0.03 0.60 +0.04 2.16£0.4 1.23+£0.03
AD1

[o] 0.11+£0.02 0.09 £0.01 042 +£0.02 0.6 +0.02 2.04+0.4 1.3 +0.09

[E] 0.14+£0.01 0.16 £0.02 0.42 +0.04 0.64 £0.05 2.75+£0.26 1.93+£0.2
AD2

[o] 0.16 £0.02 0.16 £0.03 0.43 £0.06 0.67 £0.05 2.9+047 2.09+0.1
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The contact of the vocal folds was measured using a 2-
channel electroglottograph (Glottal Enterprise EG2) over the
4 seconds of phonation. We detected the mean amplitude of
the EGG signal. Opening and closing peaks were detected
from the derivative of the EGG signal (or DEGG signal) and
were used to estimate the mean Fundamental frequency (fo),
the mean Open Quotient (OQ) and the Ratio between the
amplitude of closing and opening peaks (‘Ratio Cl/Op
peaks’). This last parameter gives an estimation of the asym-
metry of the EGG waveform.

RESULTS
Larynx

The laryngeal data of Singer PR4 could not be analysed be-
cause the quality of her EGG signal was poor.

Table 1 summarizes the laryngeal observations from the 5
singers, disregarding the pitch factor. In all 5 singers, OQ
values were always lower in ‘chesty belt’ than in ‘legit’. All
singers demonstrated a higher ratio of opening to closing
peaks in ‘chesty belt’ than in ‘legit’ for both vowels. This
difference was particularly marked for singer PR1. Three of
the five singers (PR1, PR2, AD2) showed a significantly
higher amplitude of the EGG signal in ‘legit’ than in ‘chesty
belt” production; for both vowels for subject PR2, for [o]

only in subject PR1, and [E] only for subject AD2.
Vocal Tract

On average over the different pitches considered, all singers
demonstrated a higher first resonance frequency (R1) for
‘chesty belt’ productions than for ‘legit’ ones, for both [o]
and [E] vowels (see Figure 1). This result extended to the
second resonance frequency (R2) for half of the singers (PR2,
PR3, and AD1). The three remaining singers PR1, PR4 and
AD?2 still presented higher R2 values in ‘chesty belt’ than
‘legit’, but for [o] vowels only (see Figure 1).

For all singers but one (PR3), R1 values followed the fre-
quency of the second harmonic (2fy) for increasing pitch on
both vowels in ‘chesty belt’ (see example in Figure 2). For
Singer PR3, R1 matched 2f; only for the low pitches (G4-A4
~400Hz) of [E] vowels. In ‘legit’, however, no systematic
tuning of R1 was observed with increasing pitch (see Figure
3). Some proximity between R1 and 2f) was observed for

singers PR2, PR4 (on [E]) and PR3 (on [0]) but only on the
lower pitches.
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[o] ‘Chesty belt’

No consistent pattern was found in the tuning of the second
resonance frequency (R2), neither in ‘chesty belt’ nor in
‘legit’.
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Figure 1. Comparison of the first two resonance frequencies
(R1 and R2) in ‘chesty belt’ and ‘legit’ qualities produced on

the vowels [E] and [o] by the 4 professional singers (PR) and
the 2 advanced students (AD).
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Figure 2. Details of the resonance adjustements observed in one singer (AD2). In ‘Chesty-belt’(a), R1 follows 2f; and R2 tends to
follow 3fy, whereas no specific adjustement of R1 is observed in ‘Legit’(b).
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Spectrum

Table 2 summarizes SPL and a coefficient results for the 6
singers in both ‘chesty belt’ and ‘legit’. All singers in this
study produced ‘chesty belt’ louder than ‘legit’, with higher
sound pressure levels recorded in all singers for both vowels
at every pitch. Values of the a coefficient were also demon-
strably higher in ‘chesty belt’ than for ‘legit’ in all singers for
both vowels.

Table 2. Comparision of the Sound Pressure Level and the
coefficient in ‘chesty belt” and ‘legit’ qualities, produced on
two vowels ([E] and [o]) by the 6 singers

SPL (dB) a coefficient
‘Chesty PR ‘Chesty .
Legit’ ‘Legit’
belt’ cet belt’ cet

[E] 113+2 103 +3 1.66 +2.79 3.12+2.53
PR1

[o] 124+4 113+4 -5.2+227 1.15+£243

[E] 121+9 112+3 -0.62 +1.25 1.53 £0.63
PR2

[o] 125+5 113+£3 -1.91+£1.09 1.81+145

[E] 117+2 112+ 1 -1.53+1.2 398 +1.55
PR3

[o] 118+1 114+1 -1.13+0.83 1.70 £ 1.24

[E] 122+3 108 +£3 0.73+1.52 6.34+3.30
PR4

[o] 121+2 108 +3 -0.55 +2.02 549 £2.15

[E] 120+ 5 104 £3 -2.06 +1.91 3.23+2.05
AD1

[o] 122 +3 105 +3 -1.9+1.17 1.82+2.23

[E] 112+4 106 £2 -231+2.72 323+1.21
AD2

[o] 115+4 105 +2 -3.73+£243 1.51+1.34

DISCUSSION AND CONCLUSION

Observations indicate a clear difference between the ‘chesty
belt’ and ‘legit’ vocal qualities at both physiological and
acoustic levels.

The values observed for OQ and for the ratios of closing peak
to opening peak provide strong arguments to support the idea
that the female music theatre ‘belt’ is produced in laryngeal
mechanism M1, while ‘legit’ is produced in M2. This idea is
contradicted by the tendency towards greater amplitude of the
EGG signal in ‘legit’ than in ‘chesty belt’. However, the am-
plitude of the EGG signal is not only affected by the amount
of contact between vocal folds, but also by other factors such
as vertical movements of the larynx. As a result, the differ-
ence in EGG amplitude observed here between ‘chesty belt’
and ‘legit’ productions may not be a good indicator of the
laryngeal mechanism used, but may just be the artifact of a
higher position of the larynx in ‘belt’ often described in the
literature (Sundberg et al., 1993, Yanagisawa et al., 1983,
Lawrence, 1979, Estill, 1980, Miles and Hollein, 1990, Ba-
log, 2005). The abrupt vocal fold closure, greater degree of
contact between the vocal folds and stronger amplitude of
vocal fold vibration that is characteristic of M1, also relates
to the higher levels of SPL and the richer acoustic spectrum
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in the high spectral frequencies that all singers demonstrated
in ‘chesty belt’ quality.

‘Chesty belt’ and ‘Legit’ qualities have also shown clear
differences in vocal tract adjustments: Over the examined
pitch range; G4-D5 (392-587Hz), ‘Chesty-belt’ quality was
characterized by a tuning of R1 to 2f; whereas ‘Legit’ did not
show any particular resonance adjustment. All singers dem-
onstrate higher R1 frequencies for ‘Chesty belt’.

No real differences were found between the professional
singers and students in this study, so it is not possible to indi-
cate differences between experience or expertise, or indeed
ways that ‘Chesty belt’ or ‘Legit’ may be produced more
efficiently for these subjects.

The findings of this study support arguments by CCM ex-
perts that ‘Chesty belt’ requires a different pedagogical ap-
proach than classical singing. In particular, developing the
skill of singing in ‘chest’ register to relatively high pitches
with a bright, forward timbre may require different technical
exercises than those from classical methodologies.
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