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Summary: Belting, a vocal technique typically cultivated in musical theatre
singing, differs timbrally from operatic singingin many interestingrespects.
The underlyingphonatory differenceshave not beenpreviouslyinvestigatedin
detail. Yet, belting is frequentlyassociatedwith disturbancesof voice function.
Articulatory and phonatory characteristicsare investigatedin a female subject
who is a professionalsinger (co-authorJL) trained in both the operatic and
belting styles and in an intermediatevocal technique("mixed"). This article
presentsdata obtainedfrom this subjectby video-fiberopticobservationof the
pharynx, inverse filtering of airflow, and measurementof subglottalpressure.
The results reveal that belting was characterizedbyvery high subglottalpressuresand soundlevels, and apparentlyalso by a comparativelyhigh degreeof
glottal adduction. Comparisonswith other investigationsof related aspectsof
belting and operaticsingingsupportthe assumptionthat the dataobtainedfrom
our subject are representativefor these vocal techniques.Key Words: Belting-Inverse filtering-Subglottal pressure-Formant frequencies-SPlOperatic singing-Pharynx shape.

Most voice research in the past has focused on
operatic singing, while the equally phonatorily interesting type of singing cultivated in the performance of popular songs and musicals has been
largely neglectedby voice scientists. As a consequence, the vocal techniquesused in nonoperatic
singingare poorly understood.
One type of singingthat is commonly usedin musical theatre is called belting. It has been described
by Lawrence (1), who reviewed laryngologicalobservationsfrom 27 "belters." He found laryngeal
and pathological similarities between belting and
hyperfunctionalspeech.Estill et al. (2) studiedbelting, as well as five other modes of singing, with
regardto spectrum,electromyography(EMG), and
electroglottography.They showed that belting had
very strong overtonesand was producedwith a rel-

atively long closed phaseand a high EMG activity
in the geniohyoid muscle. Yanagisawa et al. (3)
used fiberoptics to examine the aryepiglottic
sphincter in a number of different singing styles.
They found that the aryepiglottic area was constricted in both the operatic and the belting styles.
A review of the research on belting was recently
publishedby Miles and Hollien (4).
According to the general opinion among voice
teachers and laryngologists,belting may be detrimental to the voice. Therefore, singing teachers
have strived to find alternative types of voice production that are healthy and yet meet the demands
raisedin musicaltheatresinging.The purposeof the
presentinvestigationwas to comparesuch an alternative singingstyle with both belting and the operatic style of singing.The alternativevocal technique
was developedby co-authorJL, who calls it mixed.
According to her long-termpedagogicalexperience,
it is appropriate for musical theatre singing and yet
not harmful to the voice. It soundssomewhat sim-
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ilar to belting, but less hyperfunctional. (It should
be observedthat the term mixed does not mean to
suggest any relationship with the so-called voix
mixte, as describedby, e.g., Vennard(5) and Reid (6).)
Our subject was co-authorJL, who is active as a
voice teacher of a nonoperatic singing style, but
professionallytrained in all three styles of singing.
She can easily switch between these different
styles, although she finds it difficult to changestyle
after having sung in the belting style for a while.
This ability actually served as a unique and fundamental condition for the entire experiment;our aim
was to describe and explain the timbral and physiological characteristicsof mixed, belting, and operatic stylesas producedby one and the samesubject.
The basic strategywas to comparetones produced
at identical pitches in each of these three singing
styles.
The acousticand phonatory characteristicsof the
three singing styles can be assumedto derive from
both voice sourceand formant frequencycharacteristics. Theseare controlledby subglottalpressure,
laryngealadjustment,and vocal-tract shaping.Our
investigation included, directly or indirectly, all
these parameters.We carried out two different experiments, which we present separatelyin this article. Experiment I concerned the phonatory and
acousticalaspects,while Experiment II tried to describe the pharyngeal shape by video-recordinga
fiberoptical inspection.
EXPERIMENT I
Method
Vowel sounds produced in the three singing
styleswere analyzedusing inversefiltering and regular spectrogramanalysis.In addition, we also determined subglottalpressureand sound level.
The subject sang comparabletones in the pitch
range common to the three singing styles-the
pitches G4, Ab4, and ,4,4.She sangthe vowel [re:] at
an intermediate degree of loudness-first in operatic style of singing, then in mixed, and finally in
belting style. In addition, she sangexcerpts of two
songs-Gershwin's "Summertime" from "Porgy
and Bess" and Giordani's "Caro mio ben"-in the
samekey in the three singing styles. Each sample
was first produced in the operatic and then in the
mixed styles.Thereafter,all samplessungin belting
style were run in one sequence.In this wdY, a number of phonationscomparablewith regardto vowel
and pitch were assembled.
Two recordings were made. Recording 1 was
Journalof Voice, Vol.7, No' 4, 1993

made in a sound-treated booth that was approximately 4 x 2 x 3 m, while recording2 was made in
an ordinary room using a pressuregradient microphone mounted in a flow mask ad modum Rothenberg (7). The microphone recorded the pressure
drop acrossan acousticresistance,representedby a
screenwith fine meshcoveringa number of holes in
the mask. In this w?y, the oral sounds could be
captured in terms of the air-flow signal.
Subglottalpressurewas recordedas the oral pressure during the occlusionfor the consonant/p/. The
pressurewas capturedby using a small plastic tube
with an inner diameter of -2 mm. This tube was
mounted in the flow mask in such a way that the
subjecthad it in the corner of her mouth. In recording 1, soundpressurelevel (SPL) was calibratedby
recording a set of reference vowels produced by
one of the experimentersat constantSPL values, as
measuredby means of a B&K sound level meter
(model 2215), which was held just near the tape
recorder microphone. During recording 2, the DC
output signalfrom the sound level meter was used
for measuringthe SPL.
The recordingwas made on a TEAC (Tokyo, Japan) multitrack FM tape recorder. The following signals were stored:(1) flow mask output, (2) SPL as
picked up by the soundlevel meter, and (3) subglottal pressure.
The voice-sourceanalysis was realized using a
Glottal Enterprises'inversefilter containingtwo filters, one for the first and one for the second formant. Using a transientrecorder(BT-1; Glottal Enterprises,Syracuse,NY, U.S.A.), a selectedportion of the signal was repeated and fed to the
inverse filter. The output from the filter could be
observedon an oscilloscope.
Inverse filtering results in so-called flow glottogramsshowingtransglottalairflow versustime. In
the analysis, the inverse filter settings were adjusted until an oscillation-free quasi-closedphase
was obtained. However, as expected,it turned out
to be extremely difficult to find a unique setting of
the inverse filters that gave a nonoscillatingquasiclosed phase. Rather, several different settings
seemed possible, and it was difficult to decide
which one was correct.
In such cases,independentestimatesof the formant frequencieswere needed. These were obtained from glide tones, approximately one fifth
wide, performed by the subject. These glide tones
were analyzedby meansof a Kay Elemetrics spectrograph (Pine Brook, NJ, U.S.A.). As the ampli-
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tude of a spectrumpartial increaseswhen it transverses a formant, estimatescould be made of the
two lowest formant frequenciesfrom the spectrograms. Using these more precise estimatesof the
two lowest formant frequencies, an inverse filter
settingwas again tried. It turned out that, with minor adjustments, these formant-frequency values
resulted in convincing glottograms.This indicated
that the subjectreproducedthe formant frequencies
rather accurately in repeatedrenderings.
Results
Figure I shows two sets of spectra of the same
vowels sung at identical pitches. These vowel
soundswere taken from the songsas sungin eachof
the three styles.Severalobservationscan be made.
First, there are differences in the relative amplitudes of the two lowest spectrumpartials. In operatic singing, the fundamental tends to be strong,
while in belting it is weak. Indeed, in belting the
fundamental disappearedalmost entirely in the
spectrogramof the first vowel in "Summertime."
This may reflect both voice-source and formantfrequency differences.
The amplitudesof the partials in the upper part of
the spectrum,i.e., in the region of the singer'sformant, were higher in operatic and mixed singing
stylesthan in belting. In addition, the strongestpartial in this region appearedat a lower frequency in
the operatic than in the mixed styles.
Figure 2 shows SPL at 0.5 m for two performances
of the first phrasesof one of the songsin operatic
and mixed singing.It can be seenthat the SPL varied only by small amountsbetween the renderings.
Thus, the SPL seemedreasonablyreproducible.
Figure 3 compares SPL in one of the performances of the same phrases in the three singing
styles.The figure showsthat SPL was quite similar
in operaticand mixed styles,while it was at least 10
dB louder in belting.
Figure 4 shows the relationshipbetween subglottal pressureand SPL at 0.5 m in the sustainedphonations on the pitches G4, Ab4, and ,4,4.It can be
seenthat operatic and mixed styles were produced
with lower subglottal pressuresthan belting, and
that the SPL valueswere accordinglylower. In fact,
for thesetones the SPL seemedto be a linear function of the log of the subglottalpressure.In other
words, it seemsfair to assumethat the SPL in belting
is louder becausethe subglottalpressureis higher.
Figure 5 shows flow glottograms for sustained
tones sung at the same three pitches in the three
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styles. The results are quite consistentwithin and
neatly separatedbetweenthe styles.For all pitches,
operaticstyle gavethe highestpeak amplitudes,and
mixed style gave the smallest.The very high peak
amplitude implies that the source-spectrumfundamental is strongest in operatic singing. Furthermore, the closedphaseis clearly longestin belting.
A high glottogrampeak amplitudecan result both
from a high subglottal pressure combined with a
comparativelyhigh degreeof glottal adduction,and
from a lower subglottal pressure combined with a
lesser degreeof glottal adduction. Therefore, it is
interestingto examinethe relationshipbetween the
peak amplitude of the flow glottogram and the subglottal pressure. This comparison can be made in
Fig. 6. It can be seenthat operatic and mixed styles
both were generatedwith moderatesubglottalpressure, but operatic style results in considerably
higherpeak amplitudesof the glottogram.This suggeststhat glottal adductionis lower in operatic than
in mixed style. Belting was producedwith high subglottal pressure,but this does not lead to particularly high peak amplitudes.This suggeststhat glottal adductionwas comparativelyhigh in belting, and
it seemsrelevant to examinethe ratio betweenthese
amplitudesand pressures.As glottal adduction obviously has a great influence over phonation, it is not
surprising that an acoustic analysis of phonation
can revealthe degreeof glottal adduction.Sundberg
et al. (8) recently demonstratedthat the ratio between the peak amplitudeof the flow glottogramand
the subglottalpressure seemsto vary consistently
with the mode of phonation. Sundbergand Rothenberg (9) called this ratio peak glottal permittance.
Peak glottal permittance is shown in terms of a
correlogramin Fig. 7. It can be seenthat this permittancewas much higherin operaticthan in belting
and mixed singing.This suggeststhat glottal adduction was weaker in operatic style than in mixed
style and belting.
Figure 8 showsthe formant-frequencyvalues obtainedfrom inversefiltering. It can be observedthat
the three singing styles were also well separated
with respect to formant frequencies.In the sustained vowel shown. the first and secondformants
were lowest in operatic style. In mixed style and
belting, both the first and second formants were
much higher, and the secondwas highestin mixed.
EXPERIMENT II
The aim of this experiment was to examine the
typical pharyngealshapescharacterizingoperatic,
Journal of Voice, Vol. 7, No. 4, 1993
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FIG. l. Spectrogramsand spectrum sectionsfrom a Kay Elemetrics SonaGraph of indicated vowels sungat identical pitches in operatic,
mixed, and belting style.

mixed, and belting singing styles using fiberoptics.
This allowed us to find out if the acoustic characteristics found for the different singingstyles in Experiment I were consistent with the pharyngeal
characteristics.Many previous investigationsof
belting have also used fiberoptics. This allowed us
also to compare our single subject'sbelting behavJournalof Voice, Vol.7, No.4, 1993

ior with behaviorsdescribedin other investigations
of belting.
Method
An Olympus fiberscope (Tokyo, Japan) was introduced paranasally into our subject, who preferred to refrain from usingtopical anaesthesia.The
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FIG. 2. Sound pressurelevel (SPL) at 0.5 m for
two performancesof the first phrasesof one of the
songsin operaticand mixed styles.
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imagewas resorded on a video-cassetterecorder.
The monitor was placed so that both the investigator and the subject could watch the image. Pitch
referenceswere provided by meansof a simpleYamaha synthesizer.
Wherever possible, the subject sang the entire
programin operatic,mixed, and belting styles.The
programconsistedof sustainedvowels in the pitch
range ,A,3to E5 and the first line of the samesongs
sung in the same key, as in Experiment I. In addition, the subject also demonstrateda very special
kind of phonation that she called "chipmunk,"
which appeared phonatorily interesting, as it
seemedto representa phonatoryextreme.
Data processing
The pharyngeal landscapesseemedto differ in
severalrespectsbetweenthe operatic,mixed, and

beltingstyles.Within eachof the three styles,however, there was a considerablevariability depending
on the vowel and the pitch. Therefore,in comparing
the three singingstyles,it is necessaryto selectthe
samevowel and pitch. A 3.5-minedited copy was
made of the video recording to facilitate comparison. In the tape, the samevowel sung at the same
pitch in all three singing styles was copied in sequenceon the tape.At the highestpitches,no samples from belting were available, since the subject
preferrednot to produce these pitches in that singing style.
As fiberoptic observationsare difficult to quantify, the edited copy was presentedto a panel of six
expert observers, five phoniatricians, and one
laryngologist.They were given a copy of the cassettethat they could watch and listen to repeatedly.
Their task was to describe,on the basis of what
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FIG. 3. Sound pressurelevel in one of the performancesof the samephrasesin operatic, mixed, and belting styles.
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FIG. 4. Sound pressurelevel at 0.5 m as function of subglottal
pressurein sustainedphonationsof the vowel [e:] sung on the
indicatedpitches in operatic, mixed, and belting styles.

they saw, what they believed was typical for the
four singing styles. No restrictionswere imposed
regardingterminology.
Results
The answersfrom our panel have been combined
in Table 1. In their descriptions,the panel referred
to 11 different structures or features. In Table 1,
synonymousterms have been changedso as to increaseuniformity. There were no instancesof conflicting observationsamong the panel members.
Somevariableswere mentionedby most members,
while other variables were mentioned only by one

or two members. These were the pharyngeal side
walls, the sinus piriformes, the larynx height, and
the vocal folds. Our panel found that in belting, the
side walls of our subject were clearly advanced,
thus constrictingthe pharynx; the constriction was
less in mixed and nil in operatic style. The sinus
piriformes seemedwide in operatic style, medium
in mixed, and narrow in belting.
The interpretationof the fiberscopeview with respectto larynx heilht was facilitated by one transition from mixed to operatic style, and during phonation, when the subject firmly pinched the fiberscope tube with her velum so that the vertical
position of the fiberscope tip remained constant.
This facilitated the interpretation of the video recording. The larynx was low in operatic style, high
in belting, and in an intermediateposition in mixed
style. The visibility of the vocal folds was best in
operaticand mixed styles,and lessin belting. These
differenceswere probably causedby changesin the
,larynx tube and also in the position of the ventricular folds.
GENERAL DISCUSSION
By and large, the typical pharyngealcharacteristics for the different singing styles were consistent
with the acoustic characteristicsfound in ExperiMD(ED
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ment I. The main acoustic differenceswere that in
belting, subglottal pressure and SPL were high,
while glottal permittancewas low. Thesecharacteristics seem to suggest a hyperfunctional type of
voice use. In addition, formant frequency differenceswere found. Now we can ask if the pharyngeal characteristicsobserved in lateral pharyngeal
walls, sinus piriformes, and larynx height agree
with these acoustic differences.
Unfortunately, the relationships between pharynx shapeand acousticvoice characteristicsare not
understood in detail; we do not know explicitly
which pharyngeal landscapesare associatedwith
specific types of phonation. However, it is generally assumedthat a constrictedpharynx is typically
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FIG. 6. Flow glottogrampeak amplitudeversussubglottalpressurefor the vowel [a:] sungat the indicatedpitchesin operatic,
mixed, and belting styles.
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associatedwith phonatory strain, which would correspondto a high larynx position, a high degreeof
glottal adduction, and a relatively high subglottal
pressure.In this qualitative sense,the observations
made from our fiberscopeinvestigationagree with
thoseof the acousticanalysis.
The first formant frequencies in particular, but
also the second,were found to be higher in belting
and mixed than in operatic styles. A raised larynx
hasbeen shown to increasethe frequenciesof these
formants considerablyin the vowel [re:] (10,11).
Thus, the acousticobservationsseemto be consistent with the observationsof pharynx shape.In this
investigation only one single subject was used.
Therefore,it is particularly interestingto find out to
what extent her voice behavior was similar to that
of other singer subjectsthat have been analyzedin
previousinvestigations.
Using fiberlaryngoscopy and acoustic analysis,
Yanagisawaet al. (3) studiedaryepiglotticconstriction in the vowel li:/, as sung by five subjectsin a
numberof different singingstyles, including belting
and operatic. The investigatorsfound similaritiesin
this respect between these two styles. However,
none of our observersmentionedthis parameter.It
is possiblethat this differenceis typical only for the
vowel lil; a number of different vowels were included in Experiment II, so a difference that appearedonly in the vowel lil may have escapedthe
panel.
Other observationscollected from the panel in
Experiment II were in agreementwith those reJournal of Voice, Vol. 7, No. 4, 1993
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of thefour singingstylesshownon the videorecording"
TABLE l. Summaryof the characteristics
Parameter
Sidewall(16)

I

2
J

4
5
6
Summa ry:
Sinuspiriformes (14)

1
2
4

)

Separated
Separated
Wide
Nil
Wide
Wide, pitch dependent

Less visible

Narrow
Smaller

Low
Low

Higher
Lower?
Varied
Medium
Medium

High
High
Raised
Elevated
High

Visible

Visible

Slightly visible,
vowel dependent

Low
Low

t
2

Vibrato
Constricted
At low pitch:wide
Slightly constricted
Medium

Belting
Active
Pressed
Less vibrato
Very constricted
Very constricted
Constricted
Constricted

Deep
Constricted
Wide?
Narrow

I

Summary:

Mixed
Someactive

Rather wide
Pitch dependent
Wide
Medium

Wide
Wide

2
5
6

Vocal fold (9)

Passive
Nil
Vibrato
Separated

6
Summary:
Larynx height (11)

Opera

Observer

Summary:
Arytenoid(7)

4
5
6

Visible

2

Open

6

Passive
Separated

)

I
3
4
5
6

Summa ry:
Larynx tube (6)

Epiglottis (5)
Glottis (5)

Visible
Visible

Less visible
Compressed
Very adducted
Adducted
Adducted

Top split

Adducted
Top split

Top split

2
3
2

Straight
Vibrato
Wide
Incompleteclosure
Nil

Not fully open
Slightly narrow
Medium
Vibrato

5

Posterior chink
Compressed
Wider than operatic

5
6

Slightly constricted

2

Narrow
Narrow
Very narrow

High

Less visible

Compressed
Slightly adducted
Slightly active
Medium

Top split

Passive
Wide
Stable
Wide

5

Esophagusentrance(3)
Aditus (3)

Extra narrow
Constricted
Narrow

Stretched,thin
Visible
Visible

1
4
5

Summary:

Narrow

Stretched
Stretched

J

Summary:
Ventricularfold (8)

Chipmunk

Top split
Slightly tilted
Top split
Compressed
Top split
Tilted
Slightly narrow
Constricted

Narrow
Compressed
Adducted
Top tight
Top tight
Tilted
Compressed

Narrow
Very constricted

Constricted
Tilted
Close to arytenoids
Narrow
No chink
Compressed
Narrow

Narrow
Very narrow
Very constricted

" Dataare descriptions of six expert observers.The numberswithin parenthesesindicate the total number of times that the parameter
was mentionedin the judges' characterizationsof opera, mixed, and belting.

ported in previous investigations.The most frequent observations mentioned by our panel concerned side walls, sinus piriformes, and larynx
height. Precisely these structures have been mentioned in all previousinvestigationsof belting (1,3,
fournal of Voice,VoI.7, No.4, 1993

12).In addition,Estill (12)found that the EMG signal from the middle constrictor was greater in belting than in operatic style; this would lead to
advanced side walls in belting, which were observed in the present investigation. Using electro-

ARTICULATORY AND PHONATORY COMPARISONS OF S/NG/NG STYLES
glottography,Estill found belting to be typically associated with a long closed phase, while operatic
singinghad a short closedphase(12). Our inversefiltering analysis showed a clear difference of this
kind between our subject's operatic and belting
styles.
Belting and operatic singingon the vowel lilhave
been analyzedacoustically and physiologically by
Estill et al. (2) and Yanagisawaet al. (3). Their subject was able to demonstratebelting and operatic
singingwithin a wider range than our subject. Still,
the acoustic characteristicswere similar to those
found in the present investigation.They found that
the meanspectrumenvelopeof operaticsingingwas
dominatedby the fundamental,while that of belting
had a weak fundamentaland relatively strongovertones; the spectrumlevel differencebetweenoperatic and belting styles was no less than 35 dB at 3
kHz for the fundamentalof this vowel. Although we
found a somewhatsmaller differencefor the vowel
lal, qualitatively similar spectrum differenceswere
found. This suggeststhat our subject's phonatory
behavior in belting was similar to that studied by
Estill et al. (2) and Yanagisawaet al. (3).
Estill et al. (2) also studied the glottal voice
sourceby using electroglottography.This offers another opportunity to compareour resultswith those
of a different subject.The waveformsindicatedthat
the closed phasewas longer in their subject's belting compared with operatic singing. This agrees
with otr flow glottogram findings. The agreement
supports the aforementionedconclusion that our
subject's behaviors in operatic and belting style
were similar to those studiedby Estill et al. (2) and
Yanagisawaet al. (3).
These instances of agreement suggestthat our
subject offered typical examples of belting. Thus,
althoughour investigationconcernedonly one subject, it apparentlyyielded representativeresults. In
addition, the acoustic analyses and the fiberoptic
examinationof the larynx producedresults that appear to be compatible.
We determinedthe peak glottal permittance,i.e.,
the ratio between the peak glottal airflow and the
underlying mean subglottal pressure. The result
showedthat the permittancewas clearly highest in
operatic and lower and approximately the same in
belting and mixed styles. Peak glottal permittance
must depend on glottal adduction. However, the
similarity in the permittance does not necessarily
imply that glottal adduction was the same in this
case. The great difference in subglottal pressure
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may have entailed differencesin vocal fold length,
which may reduce the comparability of this measure.More theoreticalwork is neededbefore sucha
conclusioncan be drawn.
The formant frequenciesof the sustainedvowels
sung at identical pitches in the three singing styles
were very similar within style. On the other hand,
no correspondingconsistencyin the formant values
could be observedin the songs.This suggeststhat
in singing sustained,isolated vowels, our subject
useda stableand neutral set of formant frequencies,
whereasin performing songs,sheusedformant frequenciesfor musicalexpression,i.e., vowel coloring. The variability of formant frequenciesin sung
performancesis an interesting question for future
investigation.
It is interesting that during the inverse-filtering
experimentall datawere clearly stratified; Figs. 4-8
indicated that the three singing styles were consistently differentiatedwith regard to several phonatory parameters:subglottal pressure, SPL, peak
glottal permittance, and formant frequencies.This
meansthat our subjectusedher voice both consistently and differently in the three singingstyles. As
a result, we obtaineda rather completedescription
of how she used her voice in the three singing
styles.
CONCLUSIONS
Belting and operatic styles differed with respect
to subglottalpressure,glottal adjustment,and articulation. Operatic singing seemedcharacterizedby
moderatesubglottalpressuresand glottal adductive
forces, and the formant frequenciessuggesteda
moderatedegreeof jaw openingand a lowered larynx. Belting was produced with high subglottal
pressuresand greater glottal adductive forces, and
the formant frequenciessuggesta wide jaw opening
and an elevatedlarynx. Mixed singingseemedcharacterizedby moderatesubglottalpressures,moderate glottal adductive forces, and by formant frequencies, suggestinga wide jaw opening and a
raised larynx. Although the pharyngeallandscape
varied considerablywith vowel and pitch, belting as
comparedto operaticstyle seemedcharacterizedby
a high larynx position. In addition, the side walls
were advancedand the sinus piriformes were small
in many vowels in belting. The subglottalpressure
differencesseemedto result in considerablyhigher
SPL in belting than in mixed and operatic singing.
The amplitudeof the voice-sourcefundamentalwas
Journalof Voice, Vol.7, No.4, 1993
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higher in operatic than in belting and mixed styles,
probably becauseof the greateradductiveforces in
belting. As our subject seemedto produce typical
examplesof belting and operatic singing, we concluded that this was a representativedescriptionof
belting.
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