Introduction

Is their relationship between the
vocal folds and vowel formation?

Vennardand Appelmanmentionvisible changesn glottal configurationbetweenvowels (seefigure
below) David James(1983 quotesseveralstudiesand scientistson the apparentchangesin glottal
configurationbetweervowels Maurer,et al., (1996 whencomparingthe glottal cyclefor [u], [0], [a], [€],
and[i], concludedhatii d i f fmevenmentdf thevocalfolds canbeobservedor differentvocalizations..
the differenceswe observedendedto berelatedto thevoweli d e n t andnii nessple@vidences given
for a uniform vocal fold vibration patterno MaureenB. Higgins, RonaldNetsell andLaura Schulte(1998
looking at vowelrelateddifferencesn laryngealarticulationand phonatoryfunction alsoshowedthat there
Is arelationshipbetweerthe laryngealmuscularfunctionandresonatofunctionbetweendifferentvowels

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?

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

Singing:

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 (F) and the vocal folds

Basedon the work of Titze, Story, andLaukkanenwith vocal tractinertanceandF;, showingthatas
the frequencyof F, approacheshe fundamentalfrequency,the vocal folds vibrate more efficiently, and
thereis aneaseof phonation ThatcoupledS u n d b (@979 dbservatiorthatfemalesingerstendto tune
F, to F, asthey sing higherpitches,and (1981 thata malesingerlost control of F, ashetunedF; to F; in
modalvoice, however,whenphonatingin falsetto,therewasno problem,D. Mi | laadS@ s u {1998 06 s
suggestiorthat female singersuse a spectrographo help minimize the E.-F*;, breakby lowering the F;
closeto F, Ti t 1898 suggestiorthatlow F, vowels([u] and[i]) andnasalscanbe usedto helptrain
the lighter mechanismor headvoice, and traditional training approacheof moving to a lighter, more
thinnedvocalfold posturefor higherpitches,onecanmakea conclusionaboutF, andthevocalfolds.

Conclusion: that F, is related to vocal fold
thickness. The lower the Ethe thinner the
vocal folds.

The second formant {fr and the vocal folds

Krdger (1997 in acomputersimulationof the tenormodalvoice found thatwhensubglottalpressure,
vocal fold tension,andadductionwereincreasedthe resultingsoundwas appropriatefor the tenormodal
voice Howeverwhenadductionwasheld constant the resultingsoundwasnot Titze, Mapesand Story
(1994, observedthat tenors,unlike sopranosgconsistentlyignoredformant tuning with the fundamental,
but consciouslyraisedF,. Furthermoretraditional methodsof i ¢ o v e frequenglyause modification to
moreclosedvowels Doscher(1994) reportedthatwhenusingii ¢ o v € ir ® @ ii n acevidy of thecrico-
thyroid, thevocalis the lateralcrico-arytenoidadductorandthe sternehyoid depressogradually increased
with a rise in frequencyo thus the vocal folds becomemore adducted Therefore,a conclusioncan be
drawnaboutF, andthe vocalfolds.

Conclusion: F, may be related to the level
of adduction. The higher the E, the more
adducted the vocal folds.

Second Formant
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Hypothesis

An Iincrease In the frequency d¥2 will result in an decrease In
the Open Quotient Qo)of an inversefiltered signal, signifying
an increase In the estimated adduction of the vocal folds?

Results
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Conclusion

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 inversefiltration processsincethe waveform is
most affected by the filtering of F1. Furthermore, sincesinging is different from speaking,and given the
sourcefilter interaction, the filtering model may not accurately estimate Qo as suggestedy Henrich et.
al. (200])). Further study Is needed

Comparison of Groups 1 & 2

Trials with -Qo

Methods

Subijects

fGroup 1 FAirflow fGroup 2 £Microphone Filtration

f2 Sopranos f3 Sopranos
flAlto f1 Tenor

f1 Tenor f1 Baritone
f1 Baritone

Data Collection Procedures

Group 1 FAirflow
fSubjectswere askedto sing [u] for approximately2 secondsandthenwhile
maintainingthe lip positionof the [u] movetheir tongueinto an [i] position
resultingin [y] andsingfor approximately2 moreseconds
fPitchwaschosenby the subjectandrepeathrougheachtrial
fA SoundPressurdeterwasusedto maintainintensityduringthetrials
fSubjectsplacean MA-L1 CV PneumotaclAirflow Mask over their mouths
which was connectedto a PTW-1 PressureTransducerand the MS-110
TransduceComputennterfacefrom Glottal Enterprises

Group 2 £Microphone Filtration

fSubjectswere askedto sing [u] for approximately2 secondsandthenwhile
maintainingthe lip positionof the [u] movetheir tongueinto an [i] position
resultingin [y] andsingfor approximately2 moreseconds

fPitch was given to the subjectusing a computergeneratedone in PRAAT
beforeeachtrial

fA SoundPressurdeterwasusedto maintainintensityduringthetrials

fSubjectswore a headmountedmicrophone AKG model C42011 connected
to aKayPentaxCSL 4500

fAll datawasrecordecatasamplingrateof 44.1 kHz.

Data Analysis Procedures

Group 1 FAirflow
fThe airflow signal was filtered using Glottal EnterprisesWaveviewPro
version2.2.5, with a Low Pasd-ilter setat 500Hz
flu] T Due to the F1 being below the filter, and the strengthof F2 nearthe
filter, the presetdor thoseformantswereusedto furtherfilter the signal
fly] T Dueto F1 beingbelow the filter, the presetvalue for [i] was usedto
filter F1. SinceF2 wasfar abovethefilter, nofiltering of F2 wasneeded
fAverageAirflow andPeakAirflow werecalculatedoy WaveviewPro
fAverage Formant Frequenciesand Average Intensity was calculatedusing
Wavesurferversionl.8.5
fPitch and Qo was calculatedusing the KayPentaxReattime EGG software,
model5138version3.1.7 usingthe methodAC/AD at 30% of peakwhereAC
Is theclosedphaseandAD is thecycle (seefigure below).
fPercenthangecalculationsveremadefor Airflow, PeakAirflow, pitch, intensity,
F., F,, andQo.

Group 2 +Microphone Filtration

fThe microphonesignal was filtered to producean airflow signal using Glottal
EnterprisesVaveviewPro version2.2.5, with a Low PassFilter setat 2000 Hz
utilizing themethoddescribedy Rothenber@2008

fAverage Formant Frequenciesvere estimatedusing WaveviewProutilizing the
methoddescribedy Rothenberd2008

fAverage Intensity was calculatedusing KayPentaxCSL Main program, model
4500version3.1.7

fPitchandQo wascalculatedusingthe samemethodsasGroupl

fPearsornCorrelationtestswere performedto determineany relationshipbetweenQo
and the other variableswith a negative (-) relationshipindicating an increasein
adduction

Contact Quotient Calculation Diagram.
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