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ABSTRACT

Voice educatordhavea long history of the useof technologyasa teachingaid, althoughsome
biasagainsttechnologyexists.Becauseof the relative scarcityof researctin the useof technologyto
teachvoice, someof the mostpertinentinformation aproposto the professioncomesfrom the
literaturein music education,including programmednstructionand computer-assistethstruction.
After a discussiorof this historical backgroundthe article highlights modern-daytechnologieghat
are approachablé¢o the averageeacherwithout specializedequipmentincluding the Internet,auto-
accompanimensoftware,and spectralanalysis.Becausednformationthe use of medicaltechnology
suchasthe laryngoscopeexistsin abundancethis article doesnot highlight theseuses.A history of
the useof technologyto teachvoice givesthe practitionergroundinginto whatis possibleandwhat
may be possiblein the future.

INTRODUCTION

Sundberg(1990) asksa pertinentquestion:OWhatOso specialaboutsingers?@p. 107). He
notesthat researchersften avoid singingas a subjectfor researctbecauseahe specialnatureof voice
productionmakesgeneralconclusionsaboutapplicationsof scientific researchproblematic.He
answershis own rhetoricalquestionby noting differencesin the useof the singingvoice comparedo
normal speechSundbergconcludeghat singersare viable subjectsfor voice research.

The natureof the voice lessonis anintimaterelationshipbetweenthe teacherandthe student
with the tradition of singingpassedlown by word of mouthfrom teacherto student.Someteachers
of voice havetraditionally showna biasagainstscientific methodin the voice lesson.This aversionto
scientific methodincreaseswith the presencef strange untestedechnologieghatfind their way into
the modernvoice lesson.Otherteacherf singingare more opento technologicalaidsin the voice
studio. Teachersvho haveaccesdo technologyhavefound novel ways of incorporatingthe
technologyinto their practiceroutines.

Early Medical Experimentation
In his history of laryngealinvestigation,Moore (1937/91)providedan early view of the

scientific study of the voice. Developmenbf the laryngoscopean instrumentusedto view the vocal
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folds, beganin 1807 with Buzzoni. However,the first Oreabuccess(p. 267) was by the singing
teacherManuel Garcia,who useda dentalmirror to view the larynxesof his studentsEarly laryngeal
investigationwas moreimportantto speecheacherghansingingteachershut the techniquesare
applicableto both. Moore reviewedthe developmenbf apparatusand summarizedhe resultsfrom
early experimentationThe improvementdncludedtechniquessuchas magnification,binocular
viewing, photographymation pictures,and stroboscopyTheseearly usesof technologyin the study
of voice seta historical precedenfor modernusesof technologyin vocal pedagogy.

In his reporton the evolution of the discipline,Von Leden(1990) provideda first-hand
accountof voice sciencein the middle part of the 20th century.Accordingto Von Leden,before
World War Il little interestin scientific voice careexisted.The medicalcommunitywasmore
interestedn surgicalprocedureghanscientific investigation,while speechpathologistsvere more
concernedvith problemssuchasstutteringandarticulation. The influx of scientistssuchasFr8schels,
Weiss,and Mosesto Americafrom Europeduring and after the war improvedthe quality of research
in the United States.

PhilosophicalDifferences

Early notice of the useof technologyincludedcontroversyover the philosophicalbasis
behindthe teachingof voice. Sometraditional views of voice pedagogydraw from centuries-old
traditionsltalian teachinggBidoli, 1947)which incorporatethe extensiveuseof imageryand
imagination(Wilcox, 1945). The adventof scientific methodandinstrumentatioried to a dichotomy
of thoughtwithin the profession.

In 1953, Wollman articulatedthis dichotomyby dividing the philosophyinto the categories
of empirical, or thosemethodsderivedfrom experientialphenomenaand scientific, including the
study of anatomyand acousticgseeHisey, 1970). The scientific viewpoint gainedacceptancén the
1940s.By 1948,the NATS OFundamentd®equirementsor Teachersof SingingQcontaineda
serieson OOrientatiorLectureson Physicsand the Acousticsof Musical SoundQp. 8).

The adventof the scientific methodin the study of voice hadits detractorsin 1951, McLean
supporteda more spiritual approachto the teachingof singingwith this statement:

THE STUDY OF VOICE andvocal mechanismhasdegeneratefrom the questof spiritual law

andthe utterance®f eternalveritiesto a material,mentalattitudebasedpurely on the
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phenomengroducedby a PHYSICAL INSTRUMENT ONLY. In like manner,with the
automotivesalesmanminutely describingthe Oentrails©f the newestcar.

The history of the world is a chronicleof discoveriesof deeperdaws thanthoseproducedfrom
physicalphenomena. . . Thereremainsan EXISTENT SOMETHING not includedin our
conceptof mechanicamovementThefactis, we aredealingwith a LIVING INSTRUMENT,
not a deadone.Canan instrumentwhich expresseshe SPIRITUAL FORCESof manin action
be measuredy an earthly yardstick?(p. 7) [emphasesuppliedby McLean]

By the 1950s,technologyhad earneda permanenplacein society.ln 1953, Gilliand noted
the prevalenceof technologywith the statementOThepresenceof technologicaladvancements
foundin manyotherwalks of life has,to no small extent,necomeassociatedavith the Fine ArtsO(p.
7). A moderntechnicianmight view his statements an acknowledgmenthat the so-calledOnewO
technologiedn the artshavebeencommonplacdor at leastthe past50 years.Gilliand goeson to
melioratethe differencesin the two philosophiesby payinghomageto the unseernforceswhich shape
the singingprocess;' . . . the beliefin God constitutesone of the salientfacetsof our philosophyof
teaching@p. 7), but making clearthat the Divine represent®nly one portion of the processof the
teachingof singing.Von Leden(1990) stresseda new interdisciplinaryapproachthat had occurred
by the 1957 first InternationalVoice Conferenceat NorthwesternUniversity.

In the 1960s,the applicationof scientific voice study becamebetterdefinedand more
approachabléo the voice teacher put resistancestill existed.Madsen(1965),while acknowledging
the Omystery@ssociatedvith the teachingof voice, chidedthe professionfor not following standard
scientific principlessuchas continuousquestioningof assumptionssharingof ideas,andlearning
from peers.Scientific methodcameunderfire asfindings from controlledstudieschallengedhe
assumption®f long-heldbeliefs.

In 1968, Applemanfound that 25% of NATS memberssupportedvoice science while 25%
rejectedthe processand would not supportinclusion of voice scienceinto the suggestedoundations
for teachersf singing (the remaining50% were ambivalent) Despiteadvancesn attitudetoward
voice science Applemanstill definedvoice scienceand pedagogyas separateelementsand echoed

issuesfrom the professionconcerningwhetherscholarshipand knowledgeof teachingmethods
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actually aid vocal pedagogyHe dividesvoice professionalsnto disparategroupsof scientistsand
Oexecutionists.O

As reliable studiesbeganto appearthe professiontook notice. With the exceptionof a 1952
article concerningthe singerandtelevision(Beier), articleson specifictechnologieqas opposedo a
generalsupportor denial of technology)were scarce Studiessuchas TaffOs1965 acousticstudy of
vowel modification, Large©4968 study of acousticaimeasure®f femalechestregister,and SmithOs
(1970) investigationof electromyographieneasuremendf vibrato gave concreteexamplesof voice
scienceand vocal pedagogy.

In 1994, Clevelandconcludedthat the preceding25 yearshad beenthe mostproductive
periodfor the study of the singingvoice. He surveyedprominentvoice scientistsyoice teachersand
medicaldoctorsto determinea consensu®f the mostsignificantfindings concerningthe singing
voice andthe mostimportantadvancesn the researchHe discussedopics suchasthe singerOs
formant,vibrato, formanttracking, registers subglottalpressuresinging synthesisandvoice
classificationasthey relateto commercialsingers,amateursingers,andclassicalsingers.
Technologicaldevelopmentspecifically manufacturedor voice research(suchasreal-timespectral
analysis,stroboscopyandinversefiltering) haveenhancedhe proficiency of the voice professional.
He identified the mostimportantcontributorsto the field to be: William Vennard,in the areaof
singingteacheresearchWilbur JamesGould and RobertT. Sataloff,for creatingproductivelearning
environmentsSundbergand Ingo Titze, for presentingscientific contributions;and Minoru Hirano,
for importantmedicalcontributions.The mostsignificantdevelopmento be an integrationof
divided groupsof professionalsnto a commoninterest,with growing acceptancérom teachersf
voice.

Voice sciencehascontinuedto advancen scopeandacceptanceWith the publicationof the

Journalof Voice in 1987,a format existedfor the presentatiorof voice scienceandthe

interdisciplinarynatureof medicaltechnology,acousticinstrumentationand vocal pedagogyin the
analysisof the professionaloice. The instrumentatiorfor the study of the voice now existedandthe
experimentabrocesshada historicalbasisuponwhich to draw. For the first time the experimenter
did not needto devisemethodologywithout prior example(Cleveland,1994). Clevelandreflectsthe

growing acceptancevith thesecomments:
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OAfew shortdecadesago, sciencereceiveda bad name among the practical usersof

voice becausdhey could not seethat sciencewashelping them at all. . . . Today, we

are witnessinga greatertrust from the singing teachersthat sciencemay have valid

informationto be sharedin the studio andthe educationof teachersaswellO(p. 23)

Modernvoice sciencehasan interdisciplinarynature,using all mannerof technology
including acousticmeasuresand electronmicroscope(Brewer, 1989). The design,development,
implementationand evaluationof electronictechnologyto aid in the analysisandteachingof voice
is of importanceto voice professionalsOtto (1984,1991) haspreparedchecklistsof researcharticles
containingdescriptionsof the useof mechanicalknd electronicresearchools for the study of voice.

Gould andKorovin (1994) commentuponthe advancesn voice researchasreflectedby the
increasen the numberof voice conferencesandthe increasein the numberof voice laboratories.
Specificlaboratoryresearchincludesadvancesn analysesof respiratorysystemsJaryngealfunction,
visual analysis(stroboscopy)acousticanalysis(including spectographyand the useof modern
recordingtechniquesandthe DAT), applicationof the computer,aerodynamidunction,
glottography,ultrasound electromyographysupraglottal(x-rays and MRI to exploreareasabovethe
glottis), auditory function, and a combinationof techniquesThesetechniquesallow for a quantitative
analysisof the voice.

Oneof the mostinfluential textson the scienceandart of clinical carewaseditedby Sataloff
(1997).This encyclopediovork containsarticlesby many contributors,who write on subjectssuchas
history, basicscienceclinical assessmengnd medicalapplicationsof voice science Although not
specifically limited to technology the work containsmuchinsight on the useof mechanismgo study
the voice.

Technologyand Music Education

The broaderbody of music educationhastraditionally beenmore acceptingof music
technologythanvoice educatorshave.The useof whatwe would considerto be a computerasan aid
to musicalunderstandindeganasearly as 1949 (Bronson,1949). One of the first referencego
musictechnologyin the musiceducationliteratureis representedby an article on trendsin research

by Joneg(1957),who writes:
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The artifactsof the societyNtelevision,electronicbrains,radar,betterprinting andvisual aids,
automationjmprovedhouseholdappliancesnew highwaysNwill all havean effectnot only
uponthe natureof educationbut also uponthe problemsthat will face educationakesearch
workers. (pp. 21-22)
Although termssuchas OelectronidrainsCand the potentialuse of radarfor music researchmay
seemquaintto the modernreader,Joneswas propheticin his predictionof the impactof technology
uponthe discipline of music education.

Evenbeforehigh-speednoderncomputerstechnologicalaids to music educationcamein
manyforms.In 1964, Shelterevaluatedhe useof availableaudio-visualmediasuchasrecords,
filmstrips, and schoolpublic addressystemsasan aid to musiceducation.

Roller publishedone of first article in the music educationliteraturethat containedthe word
"computer”in 1965.In the 1960s,the useof computersn educationwas associatedvith
Programmednstruction(Pl). Pl was basedon the principlesof behavioristpsychologistsuchas
Thorndikeand Skinner(basedin turn on Socraticmethodand Cartesiandeduction)first appliedto
teachingmachineshy Presseyin the 1920s(Hutcheson1967).1n PI, teachingmaterialsare broken
downinto small, graduatedstepsplacedin a logical sequenceThe programelicits a responsdrom
the student,who receivesimmediatereinforcementThe teachingmachineis self-containedso that
the studentcanwork at her own pace.Experimentsn this periodassociatedvith technologyalmost
exclusivelyfell into the PI categoryand concentraten basicskills of musicianshipOnestudyin
this periodwith applicationto singingis Kanable©$969 comparisorof Pl with classroonteaching
of sight singing, a studythat showedno significantdifferencebetweenthe two methods.

In the 1970s,the label Computer-Assistedhstruction (CAI) becamecurrentfor Programmed
Instructionusinga computer.CAl hadnot gainedthe respectof the professionasa whole, but
proponentshopedthat significant resultswould still appearin the future (Lincoln, 1969).
Replicability was an importantelementof measurementf validity for the behaviorist-minded
researcherand CAl offeredthe rare opportunityfor almostexactreplicationof an experiment
(Deihl, 1971). Although limited by costandavailability of technology,new techniquesuchasthe
useof light pens(Allvin, 1971)andthe potentialfor informationretrieval systemswvere beginningto

expandthe scopeof what music educatorsould accomplishbeyondthe still-ingrainedatomistic
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mindset(Deihl & Partchey,1973). The useof technologyfor information processingn music (e.g.
Edwards& Douglas,1972;Lane,1974)would setthe stagefor later developmentspplicableto
todayOsnternettechnology.

By the 1980smanyin the professionwere suggestinghat musictechnologywas Ocomingpf
ageQMcGreer,1984,p. 12). Many studieshad found no significantdifferenceor evena superiority
of computer-basethstructionover traditional materials(McGreer). The use of computergo teach
music was heavily influencedby the Programmed_ogic for AutomatedTeachingOperations
(PLATO) systemdesignedat the University of lllinois at Urbana-Champaig(Hair, 1977).PLATO
technologywasincorporatedsuccessfullyin HoffstetterO&radedUnits for InteractiveDictation
OperationgGUIDO) system(Hoffstetter,1981).

The professionin generalwas not as optimistic aboutthe value of technology.Stabler(1986)

reportedthat articleson instructionaltechnologyin the Bulletin of the Council of Researchn Music

Educationdeclinedfrom 10% of all articlespublishedin a time periodfrom 1976to 1980to two
percentfrom 1981to 1985. The heightof educationakechnologyresearchin this particular
publicationwas from 1963to 1969,when 13% of the articlesconcernednstructionaltechnology.
Prohibitive costs,steeplearningcurvesfor programmingand use of the technology,andthe inability
of the technologyto facilitate differing learningstyleswere all factorswhich affectedthe
disenchantmentvith technologyduring this time period.

In the late 1980sand early 1990s,advancesn computertechnologywould againcreate
interestin technologyasa vehiclefor musicinstruction.In 1984, Apple Computers]nc. releasedhe
Macintoshcomputerwhich would revolutionizethe way peopleinteractwith computersThe
Macintoshfeaturedthe first widely availableGraphicalUser Interface(GUI) (originally inventedby
Xerox PaloAlto ResearctCenter)which usedthe now-commonplacenouseandits Opoint-and-
clickOtechnology.The GUI is moreintuitive and supportiveof differing learningstylesthanthe
traditionalline entry model of earlier computerinterfaces AppleOsompetitorssoonfollowed suit.

In addition,in the 1980sa technologyknown as Musical InstrumentDigital Interface(MIDI)
madeit possiblefor the computerto communicatewith an electronickeyboard.MIDI technologyis

standardn todayOslectronickeyboardsand numerousCAIl programs.Interactiveaudio also has
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potentialfor learning(Adams,1990). Theseand other studiessuggesthat studentdearn betterwhen
theyinteractwith the technologiesn a meaningfulway.
MODERN USESOF TECHNOLOGY IN MUSIC EDUCATION AND THE VOICE

The useof technologyin modernmusiceducationis so broadthat a completereview of its uses
is beyondthe scopeof this project. Many publishedtexts go into detail on the possibleusesof
technologyfor educatorsand resourcedor educatorsnterestedn musictechnologyhavebecome
available.Print resourcesnclude Williams' and Webster'q1996) overview of musictechnologyand
Rudolph's(1996) book specifically aimedat music educatorsMany sourcesnclude resourcesaimed
at music educationorganizedaroundthe National Standardge.g. Piper, 1996).

I will now summarizeseveraltechnologieghat! believewill havean effecton the professionin
the nearfuture. The first discusseds the pervasiveinfluenceof the Interneton educationandthe
societyin general.The secondis the useof auto-accompanimersoftwareto substitutefor human
accompanistén rehearsabnd performancesituations.The third is the useof spectralanalysisand
othervisual representationsf the voice throughcomputersl will concludewith a few studiesthatuse
technologyto teachvoice in uniqueways.

Pleasenotethat| do believethatthe useof medicaltechnologiesuchaslaryngoscopesvill
continueto be of greatimportanceto the profession However,a body of researchalreadyexistson
thesetechnologiegseeOtto 1984,1991).Becausehe useof thesetechnologieds out of the reachof
the averagevoice teacherdueto prohibitive costsof equipmentand specializedraining, | will not
highlight thesetechnologiesat this time.

Internet

Oneaspeciof technologyof interestto the professionhasbeenthe useof distancelearningas
appliedto musiceducation Distancelearningexistedsinceevenbeforethe spreadof the Internet
(Fonder,1992; Hugdahl,1984) becausalistancelearningtechniquesare sometimeghe only way that
the geographicallyisolatedstudentcan accessnformation on music (McMahon, 1985). The on-line
communicationsand other advancesith technologyare also effective for useby the handicapped.
Distancelearningcanbe effective whena teachercannotbe present.

Distancelearningtook on a new charactebeginningin 1989whenan internationalnetwork

of computersknown asthe Internetwas madeaccessibléo manywithout high-leveltechnical
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knowledgethroughan entity known asthe World Wide Web (WWW). In 1993the National Centerfor
Supercomputindilliance (NCSA) releasedhefirst widely availableWWW browsercalled Mosaic.
Mosaicallowedthe userto navigatethroughthe virtual Ospace@f the WWW usingsimple
techniqueswith a mouse reinforcedwith multimediaand graphicalcues.In the modernvernacular,
the termsinternetand WWW havebecomesynonymous.

The fact that one cannotturn on the televisionor opena magazinewithout an onslaughtof
informationthe World Wide Web hasnot escapednusic educatorsThe prevailingthoughtin music
educationis that computerusewill continueto increasg(Nolan, 1994),andthat musiceducatorsare
committedto the integrationof technologyinto the classroom(Glenn, 1990). Music educatorshave
takennotice of the phenomenorandthe increasedoresencef technologyin their schools.A recent
surveyby the National Centerfor EducationStatistics(1997) found thatin the fall of 1996,65% of
public schoolsin the United Stateshad accesdo the Internet. The Internethastakenthe placeof what
many hopedinteractivetelevision(Rees& Downs,1995)would accomplish.

Although schoolsare dedicatedo increasinginternetaccesgor their studentsdoubtsremain
amongpracticingteachersasto whetherthe technologyimproveseducation A recentsurveyshowed
that practicingteachersdo not believethat the InternetimproveschildrenOslassroomperformance,
researchabilities, or performanceon standardizedests(Barber,1997). Barbercitesthe lack of
relevantand organizedmaterialasa major limitation of the Internet.Critics of the Internetwould
ratherseethe moneyspenton textbooksor other more traditional materials(Jackson,1997). They
comparethe provenrecordof accomplishmenof traditional materialswith the unprovedpromisesof
the newtechnology.In fact, the concernthattechnologymay havea negativeeffect on musicis as
old asthe technologyitself (Kaegi, 1973). Many worry that the technologicalexplosionmay be
turning us into a nation of spectatorsratherthanparticipants,in music (Elliot, 1990).

The Internethasattractedthe attentionof manyvoice professionalsin 1995, Reppcompleted
a studythat exploredthe variousavenuedor researchin voice thatwereavailableon the Internet.He
found considerablenterestabouttechnology,but also discrepanciesThe impact of technologyexists
in collegemusicdepartments&crossthe nation, but voice departmentsre often late to embracethe

technology.
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Experimentaldataon the voice andthe Internetis extremelylimited. In 1997, Repp
completeda reportof the extentwhich the attitudesof pre-servicemusicteachersvere affectedby an
Internet-basegresentatiorof a voice relaxationprocessknown asthe McClosky techniquefor vocal
relaxation.The respondengroupfelt that computerswere importantto music education but some
doubtsexistasto whetherthe computercanteachsomethingasintimate asthe voice technique As
the Web becomesnoreingrainedinto the society,hardresearcton its usewill no doubtincrease.

Auto-accompaniment

One of the mostexciting usesof technologyin the appliedlessonformatthat hasbecome
feasiblein the recentpastis the useof technologyasan accompanistSincea pianoaccompaniment
is standardn manyvocal performancesteachersdhavebeenforcedeitherto play the accompaniment
for the studentNaprocesswhich hasthe potentialfor distractingthe teacherNor hire an accompanist
if oneis not supplied,which canleadto financial difficulty.

Questiongremainaboutthe musicality of the useof technology.Tarabella(1993) suggests
that the interactionbetweenthe performerandthe instrumentOimpliesthe existenceof a Zenic unity
[emphasishis] which startsat the deepestevelsof will andcreativity andleadsto a setof biomechanic
eventswhich, transferredo a musicalinstrument,determineghe global musicalresultQ(p. 179).
Schlossand Jaffe (1993), while warning againstthe dangersof Otoomuch&echnology(p. 183) and
remindingus that part of the experienceof the audiencds intertwinedwith virtuosity, still conclude
that the interactionof performersandtechnologycanbe a powerful combination.Researcton
recordedmusic (Price,1995; Wapnick & Rosenquist1991)suggestghatthe presencef electronic
timbresdoesnot changethe attitudesof listenerstowardthe music presented.

Perhapghe naturalaversionto computeraccompanimentomesfrom the modelswe have
observedn the past.Few trainedmusicianswould considerthe cultural phenomenormf Karaoketo
be acceptablan a seriousperformanceUntil recentlythe mostadvancedauto-accompaniment
software,including Band-In-A-Box (Gannon,1998), althoughfar more adaptableo musical
situationsthan simple Karaoke,had no way to interactwith the performer.Truly interactivesoftware
wasmadeavailablewith the introductionof Vivace (Coda,1998). The newestsoftwareallows the
computerto reactto the temponuancesof the performerthrougha microphone(seeColeman,1988;

Fuchs,1965; Price & Sataloff,1988; Titze & Wihholz, 1993).
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Threestudiesexist concerningthe auto-accompanimersoftwareVivace (SmartMusic).All of
the studiescenteredon instrumentalmusic. Ouren(1997) documentedhe effect of Vivace on the
playing skills, musicality,and attitudeof eight middle schoolstudentsThe interactionwith the
softwareelicited a positivereactionin musicalresponsiveness senseof accomplishmentanda
feeling of successn preparationand performanceTseng(1996) investigatedqualitatively the
interactionof 10 collegeflute studentswith the Vivace system.Specificareasof concernwere past
experience®f performingand computersthe effect of Vivace on practice,andthe reactionto Vivace
asateachingtool. Participantsagreedthat the softwareaidedin musiclearning,performance
preparationjntonation,and stagepresencealthoughsometechnicalproblemsoccurred.Sheldon,
Reese and Grashel(Unpublished)nvestigateddifferencesin performancequality amongthree
groupsof instrumentalmusic educationundergraduates/ho receivedno accompanimentijve
accompanimentor digital accompaniment.

Although no studieson the useof intelligent auto-accompanimerfor the voice exist, Wu
(1997) exploredthe impact of Karaoke,a technologywith somecommoncharacteristicsHe
describeghe popularuseof prerecordecaccompaniments Taiwan and other Chinesecultures.The
transformatiorof passivdistenersinto active participantsn musicallows for a musically creativerole
for leisureactivity. KaraokebringstogetherancientChinesephilosophyof participationin music
with moderntechnologies.

SpectralAnalysis

The useof visual aidsto educationhaslong acceptedas effective. Moderntechnologyallows
usto usecomputer-basedwisual aidsin the studio. The voice canbe representedby spectralanalysis,
or breakingthe soundinto its componentparts. The term Ospectrahnalysis&omesfrom the
analogoudunction of a prism which canbreaklight into its components.

Spectralreadingsare often graphedwith amplitudeon the vertical axis andfrequencyon the
horizontalaxis, so that the powerof particularportionsof the voice spectrumcanbe observedTitze,
1991). Anotherway of representinghe voice is througha spectrogranthat producesa graphwith
frequencyon the vertical axis andtime on the horizontalaxis. The relative amplitudeof the various
frequenciesncreaseghe densityof the reading(a darkercolor), or with a different color altogether

(Miller & Franco,1991).The spectrogranmhasthe advantageof showingchangesovertime, suchas
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changesn a vowel spectrumor wavy lines showingvibrato. Sometimeshe threemeasurementsf
frequency,amplitude,andtime combinein a three-dimensionajraph,or waterfall.

Centralto the study of spectralanalysisandthe voice is the issueof formants.Formantsare
naturalpeaksin the spectrumof a singerOsoice which occurasa resultof the naturalresonancef
the cavitiesand bonesof the headand neck (which amplify certainfrequenciesndthe absorption
of otherpartsof the vocaltract, suchasthe tongueand soft palette(which tendto dampencertain
frequencies)The trainedsingercan manipulatetheseformantsto producediffering tone qualities
(Fox, 1984). Spectralanalysishasshownthe presenceof a peakin the soundspectrumof trained
singersaround3000Hz which allows the singerto be heardover an orchestraSchutte& Miller,
1983). A proficient singerwill adaptthe formantfrequenciesy manipulatingthe placemenibf the
jaw, tongue,and other articulators(known as modifying the vowel) in orderto producea more
resonantone (Miller & Franco,1991;1992). Femalesingersare particularly proficient at modifying
the toneto produceanincreasen energy,andtherefore,amplitudeand perceivedvolume (Cleveland,
1992;1994b).Spectralanalysisallows the teacherof voice accesdo objectivedataon the tone of the
student.

ResearciStudieson the Voice and SpectralAnalysis

Technologyallows the voice scientistto investigatespecific measure®f voice productionand
controlthe numberof variablesassociateavith a study of the voice. Becauseof the natureof
scientific inquiry, phenomenavhich are difficult to measuresuchasartistic expressiorare usually
factoredout (Schutte,1989). Of the myriad of possibilitiesfor voice measurementhosemost
accessiblgo the voice teachemustbe safe,with no invasiveproceduresandaffordable,without
excessivespecializedequipment.

Early studiesof spectralanalysisconcernedhe discoveryof the natureof the physicsof the
voice. Miller and Schutte(1983) investigatedresonanceatternsin a tenorsingingthe samepitch
with different registercharacteristicsThe researcherfound a surprisingsimilarity in the frequency
balanceof the registersegren and Sundberg(1978)investigatedhe differencesbetweenfemale
altosand maletenorssingingin the samerange.Two altosandtwo tenorsperformeda folk tunein
an anechoicchamberwith the resultscomparedhroughspectralanalysis.The femalevoice is higher

in fundamentafrequencycontentandwith a greaterdistancebetweenthe third and fourth formants.
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Specific strategiedor improving the voice developedasthe technologyimprovedandasvoice
scientistsbecamemore proficient at interpretingthe results.Miller and Schutte(1990a)discussthe
role of reinforcemenfrom spectralanalysisas appliedto the singingvoice. The authorsqueryasto
why, despitethe establishedact that formanttuning to enhancehe voice hasbeenprovento be
effective, spectrumanalysishasnot hasa greatimpacton vocal pedagogyThe work builds on
Sundberg®d973) work to determinethe mostefficient placemenif the formantfrequenciesf the
individual singers.Becausea sungpitch doesnot containall possibleharmonicsjf the formantis not
tunedto a frequencywhich is a multiple of the sungpitch, the resonaneffectsof the formantare not
apparentLimitations to thesemethodsinclude the useof techniqueghat are not naturalto the singer
andthe needfor experiencerequiredfor interpretation.Miller and Schutte(1990b)alsoinvestigated
formanttuning in the singingtechniqueof a professionabaritone.They investigatecthe tuning of
the first two formantswith the fundamentafrequencyas measuredvithin the vocaltract of the singer
with a catheterratherthanwith a microphone.

Wilson (1982) developedan instrumentto conditionthe singerOsing, which appearsaround
the fourth formantin the trainedvoice. The ring allows for a singerto projectover an orchestraand
is a componenbf a mature,professionaloice. Participantssangisolatedvowel soundswith differing
degreesof ring and nasality. The devicewas ableto discriminatefrom amongthe differentvocalized
sounds.

At the time of this publication,Nair (1999,in press)wasin the procesof publishinga book
andaccompanyingCD-ROM containingstrategiedor the incorporationof spectralanalysis
technologyinto the voice studio. Anticipatedchaptersnclude information on acousticsfeedbackin
the voice studio, the spectrogramandthe EGG.

Electroglottography

Electroglottographyvas one of the first techniquedor analysisof the voice.
Electroglottographyto determinemeasurementef glottal closuredevelopedn the 1940sand
becamdeasiblein the 1950s.The devicehasthe advantagesf providing objectivequantitativedata
thatis free from the influenceof supraglottalresonancdabsorptionof the vocal track andresonance
from hardbony structurest a low costandwithout invasivemedicalproceduresThe device

functionson the principle that sincehumantissueis a betterconductorof electricity thanair is, an
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electriccurrentappliedacrossthe larynx will vary in resistancgor impedancen this casebecausef
the useof alternatingcurrent)asthe vocal folds close,accordingto OhmOsaw. The
electroglottogranusually consistsof two small electrodeglacedon the neckon the sidesof the
larynx. The instrumentproducesan electroglottogramwhich measureghe closureof the glottis over
time. Analysisof the EGG signaloftentakesplacein a qualitativeexaminationof the signal.

Many authorshaveinvestigatedhe validity of electroglottographicesearchandthe voice.
Baken(1992) reportedupon principlesof the electroglottographyalidity of the its techniquesand
recommendationfor standardizatiorof researchin the area.Bakenrecommendshe useof EGG as
part of routinevocal assessmenhut warnsof validity questionavhendeterminingClosedQuotient
measurement@he relative amountof time the glottis staysclosed).Colton and Conture(1990) warn
againstthe challengesf usingEGG in clinical studies.They beginwith a thoroughliteraturereview
with over 200 referencesoncerningEGG from its inceptionin 1940to its present-dayses.
Proceduratchallengesanoccurwith variationsin electrodeplacementdegreeof contactwith the
skin, and movementduring the recordingprocess.

StandardizindResults

Evenwith the long tradition of voice analysistechniquesinterpretingdatacan be difficult for
the averageteacher Titze (1994) calledfor standardizatiorf acousticalvoice analysisin orderto
educatesimplify, conserveime andeffort, and certify results.Consensusnay be possiblein acoustic
phenomenauchasloudnessand pitch and designof standardizedestutterancesfundamental
frequency,databasdormats,calibrationtechniqguesand nomenclaturePossibleliabilities for
standardizationnclude oversimplificationof the processwhich limits the scopeof research,
prematurelyadoptingambiguousor erroneousstandardsand the problemsin enforcingstandards.
Holmberg,Hillman, Perkel,Guiod, and Goldman(1995) comparedechniquef voice measurement
to determinehow they relateto eachother. They determinedwhich easily accessiblaneasurementsf
voice (suchasacousticanalysis)could substitutefor measurementthat are difficult to obtain.The
study found that acousticalanalysiscould substitutefor more difficult to obtaindataif prescribed
formulationsexist. Oncestandardsre setandinexpensiveacousticalmodelssubstitutefor

sophisticatedhardware possibilitiesfor voice analysisby practicingteacherdoecomemorefeasible.
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Onehurdlefor useof voice analysisin the studiois the establishedact that singersdo not
registerwithin normsfor voice asestablishedy the medical profession Radionoff(1996)
investigatedwhethernormalvoice functionsfor trainedsingersdiffer from publishedvoice norms.
He collectedand comparedacoustic,phonatory,and respiratorydatafrom 28 voice studentsThe
currentnormsfor 59% of the measuresverein error whencomparedo this subjectgroup.
Radionoffconcludeghat normativedatafor singersneedsto be collectedfrom a large group so that
accuratedatacanexistto aid in clinical studyand pedagogicatiecisions Novik and VVokyr$l(1995)
workedto establishparameter®f voice measuremenrfor voice professionalsThey established need
to determineobjectiveevaluationof future professionaldecausef the importanceof healthy
function for singers.

Other Technologies
As the useof technologyincreasesyoice specialistavork to designvoice teachingmethods
that do not fit into the three categoriesenumeratedbove.Technologycanimpart knowledge-based
information on voice-relatedssues One exampleis SimpsonOgL996) investigationof the
effectivenesof the presentatiorof operathroughthe technologicalareasof video andaudio.In a
vocal anatomypresentatiorio undergraduatenusic studentswith differing learningstyles,Ester
(1992) comparedcomputer-assisteshstructionwith traditionallecture.Ester(1994) also developeda

HyperCardstackcalled HyperactiveVocal Anatomyto teachlaryngealanatomyto undergraduate

music majors.He citesthe growing interestin voice scienceandthe importanceof an understanding
of vocal anatomyin voice teaching.Esterfound the programan effective tool for teachinganatomy.

Rossiterand Howard (1996) consideredeal-timevisual reinforcementor voice development
in prospectiveprofessionaloice usersin their developmenof a computer-basetliofeedbaclkdevice.
The authorsdefinea needfor the study of high-endvoice userssuchassingers.Cited researchalso
suggestwisual reinforcementtrengthenshe learningprocess.

Bailey (1993)devisedan electronicmethodto treatnasalityin classicalsingers.Nineteen
lower-voicemaleswereaskedto singinto a KAY Nasometerwhich consistof two microphonespne
nearerthe mouth and one nearerthe nose,attachedo the headwith a harnessThe input from the
two microphonesontrastto determinethe amountof soundthat carriesthroughthe nasalpassages,

or nasalancéasopposedo the lesstechnicalterm, nasality).
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CONCLUSIONS

The future of technologyin voice educationdependsupon an interdisciplinaryapproach
amongall involved. Brewer (1989) constructeda descriptivematrix to reflect voice researchhat
showsthe interrelationof the unsolvedproblems,academidisciplines,andresearchools pertinentto
the profession Of the 59 unsolvedproblemsenumeratedthe areasmost pertinentto the present
study are: voice training standardsthe role of biofeedbacktechniquesf songpreparationscientistsO
study of voice, information exchangeamongphysicians scientists singersandteacher gaseof
transitionstageto classroomandthe role of electricalsuperconductors researchBreweridentifies
36 disciplinesthat work togetherin the study of voice. The disciplinesmostpertinentare acoustics,
computerscience performingarts,andvocal pedagogyHe thenfactorsin the researchools for
voice sciencejncluding computerssoftware artificial intelligence,informationnetworks (The
Internetwasnot viable at the time of BrewerOwriting, butthe WWW would fit into this category),
electroglottographyand speechsynthesis.The matrix Brewer producess an organizedway to chart
the interrelationshipamongthe variousdisciplinesandtechnologiesavailableto the scientist.

Titze (1986) statesthatthe valueof all the" . . . charts,graphs,gadgetsandgizmosin the
studio((22) will not be solveduntil researchs undertakerfrom the stand-pointof someonerained
in voice educationratherthanvoice science(e.g.,Cleveland,1988;1989a;1989bTitze, 1985). Titze
(1986) providesa metaphorfor singingbasedon the useof technologyto improve athleticsby
rigorousmeasuremenand the useof new technology.If TitzeOsnetaphordoesindeedcarry over
into the art of singing,thensomeonewill haveto takethefirst stepin the process.

Although somebias againsttechnologyexistsin the profession aidsto the teachingof voice
havebeenwith usfor hundredsof years,haveimprovedgreatlyin sophisticationandwill continueto
evolve asa legitimatepart of the processof the teachingof voice. The threemoderntechnologied
havehighlightedhere,the Internet,auto-accompanimersioftware,and spectralanalysisare
intermediatestagesin the developmenbf technologyto teachvoice. Designersof voice-related
technologyshouldbe awareof the long history of the technology,so thatwe may learnfrom the past

in orderto provide bettertools for the future.
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