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Is their relationship between the 

vocal folds and vowel formation?
Vennardand Appelmanmentionvisible changesin glottal configurationbetweenvowels (seefigure

below). David James(1983) quotesseveralstudiesand scientistson the apparentchangesin glottal

configurationbetweenvowels. Maurer,et. al., (1996) whencomparingtheglottal cycle for [u], [o], [a], [e],

and[i], concludedthatñdifferentmovementsof thevocalfolds canbeobservedfor differentvocalizations...

the differenceswe observedtendedto be relatedto the vowelidentities,òandñnosimpleevidenceis given

for a uniform vocal fold vibration pattern.òMaureenB. Higgins,RonaldNetsell, andLauraSchulte(1998)

looking at vowel-relateddifferencesin laryngealarticulationandphonatoryfunctionalsoshowedthat there

is a relationshipbetweenthelaryngealmuscularfunctionandresonatorfunctionbetweendifferentvowels.

Is there a relationship between the 

formants produced by the vocal tract 

and the vocal folds, and if so what is 

that relationship?
The first formant (F1) and the vocal folds

Basedon the work of Titze, Story,andLaukkanenwith vocal tract inertanceandF1, showingthat as

the frequencyof F1 approachesthe fundamentalfrequency,the vocal folds vibrate more efficiently, and

thereis aneaseof phonation. ThatcoupledSundbergôs(1975) observationthat femalesingerstendto tune

F1 to F0 astheysinghigherpitches,and(1981) thata malesingerlost controlof F0 ashe tunedF1 to F0 in

modalvoice,however,whenphonatingin falsetto,therewasno problem,D. MillerôsandSchutteôs(1999)

suggestionthat femalesingersusea spectrographto help minimize the E5-F
#
5 breakby lowering the F1

closeto F0, Titzeôs(1999) suggestionthat low F1 vowels([u] and[i]) andnasalscanbe usedto help train

the lighter mechanismor headvoice, and traditional training approachesof moving to a lighter, more

thinnedvocalfold posturefor higherpitches,onecanmakea conclusionaboutF1 andthevocalfolds.

Glottal configuration for [a] and [i].  Reprinted, with permission, from William Vennard, Singing: 
The Mechanism and the Technic , 5th ed.  (New York: Carl Fischer, 1968), 123. 

A relationship seemsto exist betweenthe larynx and the vocal

tract . Is it the laryngeal muscular function that influencesthe vocal

tract function, or the vocal tract function that influences the

laryngeal muscular function?

An increase in the frequency of F2 will result in an decrease in 

the Open Quotient (Qo)of an inverse-filtered signal, signifying 

an increase in the estimated adduction of the vocal folds?

Conclusion: that F1 is related to vocal fold 

thickness. The lower the F1 the thinner the 

vocal folds.

The second formant (F2 ) and the vocal folds

Kröger(1997) in a computersimulationof thetenormodalvoicefoundthatwhensubglottalpressure,

vocal fold tension,andadductionwereincreased,the resultingsoundwasappropriatefor the tenormodal

voice. Howeverwhenadductionwasheld constant; the resultingsoundwasnot. Titze, MapesandStory

(1994), observedthat tenors,unlike sopranos,consistentlyignoredformant tuning with the fundamental,

but consciouslyraisedF2. Furthermore,traditional methodsof ñcoveringòfrequentlyusemodification to

moreclosedvowels. Doscher(1994) reportedthatwhenusingñcoveredsinging,òñtheactivity of thecrico-

thyroid, thevocalis, thelateralcrico-arytenoidadductorandthesterno-hyoid depressorgradually increased

with a rise in frequency;òthus the vocal folds becomemore adducted. Therefore,a conclusioncan be

drawnaboutF2 andthevocalfolds.

Conclusion: F2 may be related to the level 

of adduction.  The higher the F2, the more 

adducted the vocal folds. 

Hypothesis

Subjects

�ƒGroup 1 �±Airflow

�ƒ2 Sopranos

�ƒ1Alto

�ƒ1 Tenor

�ƒ1 Baritone

Data Collection Procedures

Group 1 �±Airflow

�ƒSubjectswereaskedto sing [u] for approximately2 seconds,andthenwhile

maintainingthe lip positionof the [u] movetheir tongueinto an [i] position

resultingin [y] andsingfor approximately2 moreseconds

�ƒPitchwaschosenby thesubjectandrepeatthrougheachtrial

�ƒA SoundPressureMeterwasusedto maintainintensityduringthetrials

�ƒSubjectsplacean MA-L1 CV PneumotachAirflow Mask over their mouths

which was connectedto a PTW-1 PressureTransducerand the MS-110

TransducerComputerInterfacefrom GlottalEnterprises

Group 2 �±Microphone Filtration

�ƒSubjectswereaskedto sing [u] for approximately2 seconds,andthenwhile

maintainingthe lip positionof the [u] movetheir tongueinto an [i] position

resultingin [y] andsingfor approximately2 moreseconds

�ƒPitch was given to the subjectusing a computergeneratedtone in PRAAT

beforeeachtrial

�ƒA SoundPressureMeterwasusedto maintainintensityduringthetrials

�ƒSubjectswore a headmountedmicrophone,AKG modelC420III connected

to aKayPentaxCSL4500

�ƒAll datawasrecordedatasamplingrateof 44.1 kHz.

DataAnalysisProcedures

Group 1 �±Airflow

�ƒThe airflow signal was filtered using Glottal EnterprisesWaveviewPro,

version2.2.5, with aLow PassFilter setat500Hz

�ƒ[u] ïDue to the F1 being below the filter, and the strengthof F2 nearthe

filter, thepresetsfor thoseformantswereusedto furtherfilter thesignal

�ƒ[y] ïDue to F1 being below the filter, the presetvalue for [i] was usedto

filter F1. SinceF2 wasfar abovethefilter, no filtering of F2 wasneeded.

�ƒAverageAirflow andPeakAirflow werecalculatedby WaveviewPro

�ƒAverageFormantFrequenciesand Average Intensity was calculatedusing

Wavesurfer, version1.8.5

�ƒPitch andQo wascalculatedusing the KayPentaxReal-time EGG software,

model5138version3.1.7 usingthemethodAC/AD at30% of peakwhereAC

is theclosedphaseandAD is thecycle(seefigurebelow).

�ƒPercentchangecalculationsweremadefor Airflow, PeakAirflow, pitch, intensity,

F1, F2, andQo.

Group 2 �±Microphone Filtration

�ƒThe microphonesignal was filtered to producean airflow signal using Glottal

EnterprisesWaveviewPro, version2.2.5, with a Low PassFilter set at 2000 Hz

utilizing themethoddescribedby Rothenberg(2008)

�ƒAverageFormantFrequencieswere estimatedusing WaveviewProutilizing the

methoddescribedby Rothenberg(2008)

�ƒAverageIntensity was calculatedusing KayPentaxCSL Main program,model

4500version3.1.7

�ƒPitchandQowascalculatedusingthesamemethodsasGroup1

�ƒPearsonCorrelationtestswere performedto determineany relationshipbetweenQo

and the other variableswith a negative (-) relationship indicating an increasein

adduction.

The correlation analysisof the airflow data, a negativecorrelation betweenQo and F2, doessuggestthe

hypothesisis valid, that in increasein F2 frequency results in increasedadduction, however, the average

changevalue for Qo indicates the opposite. The microphone data showsa strong correlation positive

correlation betweenQo and F1. This may be due to the inverse-filtration processsincethe waveform is

most affectedby the filtering of F1. Furthermore, sincesinging is different from speaking,and given the

source-filter interaction, the filtering model may not accurately estimateQo as suggestedby Henrich et.

al. (2001). Further study is needed.
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Contact Quotient Calculation Diagram.

�ƒGroup 2 �±Microphone Filtration

�ƒ3 Sopranos

�ƒ1 Tenor

�ƒ1 Baritone

Group 1 - Airflow

Group 2 �±Microphone Filtration

Comparison of Groups 1 & 2

Trials with -Qo


