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ABSTRACT 

Recent research and experimentation by Johan Sundberg, Ingo R. Titze, Mirano 

Hirano, William Vennard, and many others have contributed greatly to the understanding 

of voice physiology and function. Nevertheless, much anecdotal evidence reveals that 

there are continuing vocal problems experienced by operatically trained singers in the 

collegiate choral rehearsal. Although previous research has dealt with these problems in 

various specialized ways, no study has attempted to integrate contemporary voice research 

with vocal pedagogy and choral methodology. 

This study will summarize the last thirty years of research in the physiology and 

function of the singing voice. In addition, it will present relevant vocal health concerns, 

and discuss possible causes of vocal fatigue. Finally, this study will suggest some choral 

rehearsal techniques that incorporate basic knowledge of voice function. By utilizing 

these techniques, operatically trained singers should be able to participate in a collegiate 

choral ensemble without experiencing vocal fatigue, compromising vocal development, or 

risking vocal injury. 
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INTRODUCTION 

Recent research and experimentation by Johan Sundberg, Ingo R. Titze, Mirano 

Hirano, William Vennard, and many others have contributed greatly to the understanding 

of voice physiology and function. Nevertheless, much anecdotal evidence reveals that 

there are continuing vocal problems experienced by operatically trained singers in the 

collegiate choral rehearsal. Previous studies have dealt with this topic in various 

specialized ways. Hugh Douglas Slusher examined the "possible conflict between voice 

studio teachers and choral directors related to vocal pedagogy"' by giving a questionnaire 

to voice teachers, choral directors, and voice students at colleges and universities in the 

state of Ohio. His findings showed that a conflict does exist. These findings were 

corroborated when operatically trained voice students and studio voice teachers at The 

University of Arizona also responded to Slusher's questionnaire." Carol Ann Cook-

Koenig, in her 199S study, extensively explored vocal fatigue in choral singing.^ The 

single comprehensive study of vocal pedagogy in the choral rehearsal includes only those 

' Hugh Douglas Slusher, "A Comparison of the Penpectives of College Choral Directors, Voice 
Teachers, and Voice Students Concerning Solo and Choral Singing" (Ph.D. diss.. The Ohio State 
University, 1991), 1. 

^ John R. Weiss, "Questions for Voice Majors and Studio Voice Teachers at The University of 
Arizona." Developed by Slusher for his Ph.D. diss., "A Comparison of the Perspectives of College Choral 
Directors, Voice Teachers and Voice Students." (Questionnaire used with the author's permission at The 
Universi^ of Arizona, April 2000 and February 2001.) 

^ Carol Ann Cook-Koenig, "Vocal Fatigue In Choral Singing: Causes and Suggestions for 
Prevention Voiced by Prominent Choral Directors" (Ph J>. diss.. The Florida State University, 1995). 
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theories published from 1960-1970.'^ Unfortunately, no study attempts to integrate 

contemporary voice research with vocal pedagogy and choral methodology. 

This study, therefore, will summarize the last thirty years of research in the 

physiology and function of the singing voice. In addition, it will present relevant vocal 

health concerns, and discuss possible causes of vocal fatigue. Finally, diis study will 

suggest some choral rehearsal techniques that incorporate basic knowledge of voice 

function, vocal health, and vocal fatigue. With these techniques, I will try to demonstrate 

how collegiate choral conductors and operatically trained voice students can apply recent 

Hndings in voice physiology and function in the choral rehearsal. I will also attempt to 

show how these same students can participate in a choral ensemble without compromising 

vocal development or risking vocal injury. 

''William Kenneth Decker, "A Study of Vocal Pedagogy for the Choral Rehearsal Based on 
Theories Presented in Published Literature from 1960-1970 and on Interviews and Observations of Selected 
Choral Conductors" (DMA doc.. Temple University, 1976). 
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CHAPTER ONE 

VOICE PHYSIOLOGY AND FUNCTION: 
THE PAST THIRTY YEARS 

There is much discussion and disagreement among singers, choral directors, and 

studio voice teachers about how the singing voice functions. This chapter contains a brief 

summary of the important research fmdings in voice physiology and function since 1970, 

which should help to separate fact from fiction regarding the singer's formant, vibrato, 

registers, and other significant aspects of the singing voice. 

Singer's Formant 

A. formant or formant frequency is a resonance of the vocal tract. Johan Sundberg 

explains that "frequencies that fit the resonator optimally... are called resonance 

frequencies, or if a resonator is the vocal tract... formant frequencies One could also 

say that a resonator resonates at certain frequencies, or that it possesses ... formants at 

certain frequencies Most resonators possess a number of resonance frequencies."' The 

singer's formant enables the singer's voice to be heard above the sound of an orchestra. It 

was Sundberg who, in 1974, determined that a clustering of the third, fourth, and fifth 

formants comprise the singer's formant." 

' Johan Sundberg, The Science of the Singing Voice (DeKalb, IL: Northern Illinois University 
Press, 1987), 12. 

• Johan Sundberg, "Articulatory Interpretation of the 'Singing Formant,'" Journal of the Acoustical 
Society of America 55 (1974): 838-44. 



12 

Vibrato 

Probably no single aspect of the singing voice generates more controversy among 

operatically trained singers, studio voice teachers, and choral conductors than vibrato. 

Perhaps, that is because the preferred sound ideal of the choral voice is frequently 

different from that of the solo operatic singer, especially with regard to the relative 

frequency and extent of the vibrato. Also, matters of musical style and personal taste play 

a part in any discussion of vibrato. 

Although there is some disagreement among researchers about the origin of 

vibrato, most think that it is laryngeally based, and is either "an outgrowth of a natural 

physiologic tremor... or simply a neurological event."^ No scientific data clearly 

suggests that any one type of vibrato character is healthier than any other type. 

Operatically trained singers, studio voice teachers, and choral directors seem to be divided 

into two camps about vibrato. "One claims that there may be a 'most efficient' production 

that should be used for best results. The other claims that many different productions or 

styles of singing can be performed by the same singer in a healthy way. 

Registers 

Registers can be simply defined as "perceptually distinct changes of vocal quality 

as pitch or loudness is changed."^ Register terminology has long been a controversial 

^ Thomas F. Cleveland, "A Gearer View of Singing Voice Production: 25 Years of Progress," 
Journal of Voice 8, (1994): 19. 

•* Daniel McCabe, University of Iowa, Electrom'c mail to John Weiss, The University of Arizona, 28 
July 2000. 

^ Sundberg, The Science of the Singing Voice, 19. 



13 

subject among vocal pedagogues. According to Clifton Ware, there are three popular 

theories about vocal registration. The "One-Register Theory" argues that there is only one 

vocal quality in a properly produced voice. The "Two-Register Theory" asserts that the 

unskilled singer possesses both a chest register and a head register. The "Three-Register 

Theory" adds a middle or mixed register in between the chest and head registers.^ 

Research has shown that registers are caused by "acoustical interaction between 

the vibration of the vocal folds and the resonance of the trachea..and that "the vocal 

folds are not independent of the vocal tract."^ This interaction causes source-resonator 

interference and it is this interference that creates registers. A singer can eliminate this 

interference by shortening or lengthening the vocal tract. This is usually accomplished by 

either raising or lowering the larynx and velum. 

Subelottal Pressure 

Research indicates that subglottal pressure, air pressure below the glottis, controls 

phonation loudness. Changes in subglottal pressure also induce changes in pitch but not in 

a significant way. Pitch alteration is almost exclusively a result of changes in vocal fold 

length which are controlled by the laryngeal musculamre.^ 

® Clifton Ware, Basics of Vocal Pedagogy: The Foundations and Process of Singing (New York: 
McGrawHill, 1998), 115-16. 

^ Geveland, 19. 

* In Ware, Basics of Vocal Pedagogy, 129, and Sundberg, The Science of the Singing Voice, 9, both 
discuss to what extent subglottal pressure and vocal fold length affect pitch. 
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Voice Classification 

Sopranos, altos, tenors, and basses sound the way they do, in part, because of vocal 

tract resonance patterns, and not only because of the length and thickness of the vocal 

folds. The size and shape of the vocal tract determines these resonance patterns. In other 

words, shorter vocal folds will be pitched higher but longer vocal tracts will sound 

darker.' 

Modes of Vocal Fold Vibration 

Thomas F. Cleveland refers to three modes of vocal fold vibration: pressed, 

breathy (aspirate), and flow.'° In a pressed phonation, there is insufficient airflow for each 

vibratory cycle. In other words, there is "high subglottal pressure combined with a strong 

adductory force of the vocal folds."" In a breathy production, the airflow is excessive and 

there is a weak adductory force of the vocal folds. Sundberg adds, "Flow phonation has a 

lower subglottal pressure and a lower degree of adduction force."'" 

Laryngeal Position 

The vertical laryngeal position (laryngeal height) influences both phonation and 

resonance. Cleveland states that, "First,... low laryngeal position gives a darker sound, 

whereas a higher laryngeal position presents a brighter color. Second, the vertical 

laryngeal position assists in the configuration of the vocal folds for control of the 

' Ingo R. Titze, Principles of Voice Production (Englewood Cliffs, NJ: Prentice-Hall, 1994), 173-4. 

Cleveland, 20. For further support of this concept, see Sundberg, The Science of the Singmg 
Voice, 80; Titze, Principles of Voice Production, 77-8; and Ware, Basics of Vocal Pedagogy, 132. 

" Ware, 106. 

Sundberg, The Science of the Singing Voice, 80. 
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fundamental frequency." He also maintains that the position of the vocal folds resulting 

from a lowered larynx enables a voice to "contain more energy in the higher harmonics 

... with, apparently, less cost to the singer in vocal fold hyperfunction."''* 

Cleveland, 21. 

Ibid. For corroboration and elaboration, see also Sundberg, The Science of the Singing Voice, 
113-15,132. 
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CHAPTER TWO 

VCX:AL HEALTH 

The delicate, sensitive nature of the human voice requires constant attention and 

care. This chapter introduces some common and imponant medical conditions and 

treatments relevant for operatically trained singers, studio voice teachers, and choral 

conductors. It also discusses the concept of the vocal performer as vocal athlete with 

particular emphasis on interval training. Finally, this chapter explains the value of a vocal 

team consisting of a studio voice teacher, laryngologist, and speech pathologist, as well as 

the merit of pre-screening singers for pre-existing medical conditions. 

Conditions and Treatments 

Allergies and Upper Respiratory Illnesses 

Satalo^ defines allergies as follows: "About one of every five persons in America 

has an allergic disease. Allergy, in simple terms, is a specific but abnormal response to 

substances that ordinarily do not adversely affect people Symptoms include nasal 

congestion; sneezing; clear drainage from the nose; watery, itchy eyes; throat soreness and 

a sensation of the constant need for throat clearing (from post nasal drip); pain and/or 

pressure in the ears; and headache and fatigue."' Many of these symptoms are also 

associated with upper respiratory illnesses caused primarily by viral infections such as 

colds, flu, sinusitis, and bronchitis. 

For the singer, chronic allergies are, perhaps, best treated with immunotherapy 

^ Robert Thayer Sataloff, Vocal Health and Pedagogy (San Diego: Singular Pub., 1998), 161-2. 
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because no vocal tract side effects are associated with it. Seasonal allergies and upper 

respiratory infections may be treated with topical nasal steroid sprays, topical sodium 

cromolyn, antihistamines, and decongestants. Unfortunately, "all antihistamines cause 

drying of the mucosal surfaces of the upper and lower airway. This can be a critical 

problem for a professional voice user because even mild relative drying may cause major 

problems affecting both vocal quality and vocal stanuna."" Frequently, decongestants are 

combined with antihistamines since they have less drying effect. Finally, mucolytic 

expectorants, such as guaifenesin, liquefy mucus and can help counteract the drying 

effects of antihistamines and decongestants. 

Gastroesophageal Reflux Laryngitis 

Gastroesophageal reflux, or acid reflux, is "the involuntary regurgitation of 

stomach acids into the hypopharynx via the esophagus, usually during sleep Lying flat 

allows gravity to help move stomach acids into the oral cavity and larynx, which is then 

inhaled into the trachea and lungs."^ This results in inflammation of the laryngeal tissues. 

Typical symptoms are "uncomfortable throat sensations (soreness, lump, tickle), chronic 

hoarseness, dry mouth, bad breath, coughing, difHculty in swallowing and breathing, 

excessive phlegm, and difRculty producing a clear vocal tone. Typical visual symptoms 

may reveal a slightly reddened throat and swelling in the arytenoid cartilages and posterior 

^ Ibid., 163. 

^ Clifton Ware, Basics of Vocal Pedagogy: The Foundations and Process of Singing (New York: 
McGrawHilt, 1998), 208. 
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section of the folds."^ Treatment for reflux includes; avoid overeating, avoid acid-

producing foods and carbonated drinks, avoid eating 3 to 4 hours before going to sleep, 

avoid alcohol and caffeine, elevate the head of the bed at least 6 to 8 inches, and take 

antacids or other drugs that decrease acid production. 

Dehydration 

Sataloff defines dehydration as: "Fluid depravation. This may alter the amount 

and viscosity of vocal fold lubrication and the properties of the vocal fold tissues 

themselves."^ "Dehydration may occur as the result of athletic or recreational activities, or 

environmental factors such as the dry air on airplanesor simply not consuming 

enough water. Physicians recommend drinking eight 8-ounce glasses (two quarts) of 

water daily. "Singers can monitor their state of hydration by observing their urine color as 

noted... by Dr. Van Lawrence, who popularized the extremely useful instruction; 'pee pale."*' 

Alcohol, Caffeine, and Smoke 

Alcohol, caffeine, and smoke are all believed to have a drying effect on the 

mucosa. Ingesting these substances constitutes a vocal risk that varies considerably 

'Ibid. 

^Sataloff, 365. 

® Ibid., 224. 

^ Ibid., 226. 
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between individuals.^ 

Medications 

According to Sataloff, "Medications are used to treat many problems commonly 

encountered in voice professionals However, virtually all medications have some 

potential effect on the voice... Singers need to be aware of these effects in order to 

make informed decisions about the use of medications, especially immediately before a 

performance. Otherwise, what would be a minor side effect for a non-singer could easily 

become a major catastrophe for the vocal performer. 

Antibiotics 

For the non-singer, antibiotics are prescribed whenever laboratory tests show the 

presence of bacterial infection. When facing an important performance, however, singers 

do not always have the time to wait for the results of laboratory tests. Sataloff 

recommends that when "a performance must proceed and... there is clinical evidence of 

bacterial infection, antibiotics should be instituted aftercultures have been taken, without 

waiting for the results. The potential damage of delayed treatment in an active performer 

is greater than the potential harm of antibiotic use on an unknown organism [emphasis 

mine]."'" 

' For more detailed discussions of the effects of alcohol, caffeine, and smoke on the voice, see 
Sundberg, The Science of the Singing Voice (DeKalb, IL: Northern Dlinois University Press, 1987) 18S; and 
Sataloff, Vocal Health and Pedagogy, 88,190,271-2. 

' Sataloff. 223. 

Ibid., 226. 
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Antihistamines 

Vocal tract lubrication and normal mucosal secretions are very important to the 

singer. According to Sataloff,"... virtually all antihistamines can exert a drying effect 

on upper respiratory tract secretions..."" Antihistamines may be combined with other 

drugs, "which further reduce and thicken mucosal secretions and may reduce lubrication to 

the point of producing a dry cough. This may be more harmful to phonation than the 

allergic condition itself.... When professional voice users develop thick, viscous vocal 

» » 10 
fold secretions during performance, results can be disastrous [emphasis mine]." " Sataloff 

recommends that mild antihistamines only "be tried between performances, not 

immediately prior to... engagements."'^ 

Corticosteroids 

Corticosteroids are anti-inflammatory agents that "should be used only when there 

is a pressing professional commitment that is being hampered by vocal fold inflammation. 

If there is any question that the inflammation may be of infectious origin, antibiotic 

coverage is recommended."''^ Side effects associated with corticosteroids "include gastric 

irritation..., insomnia, mild mucosal drying, blurred vision, mood change..., and 

"Ibid., 223 

'-Ibid. 

Ibid., 223-4. 

'•* Ibid., 224. 
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irritability Because side effects are uncommon and steroids work extremely well, 

there is a tendency (especially among singers) to overuse or abuse them."'^ 

Antacids 

Antacids are used to neutralize gastric acid and can be helpful in treating 

gastroesophageal reflux laryngitis. "Occasionally, they... have a drying effect. 

However, it is usually possible to Hnd an antacid tolerated by any individual."'^ For 

controlling acidity, Sataloff recommends medications such as omeprazole, which suppress 

acid secretion.'^ 

Expectorants 

Expectorants such as entex and guaifenesin can help singers who complain about 

thick mucosal secretions and post-nasal drip. Expectorants, or mucolytic agents, increase 

and thin mucosal secretions. Sataloff writes that expectorants "may be helpful in 

counteracting the effects of drugs like antihistamines and in ameliorating the mucosal 

consequences of dehydration quickly." It should be remembered, however, that "no 

medications, including mucolytic agents, are substitutes for adequate hydration."'^ 

Beta-Blockers 

Performing in public is a stressful activity. Sataloff has observed,"... Beta-

adrenergic blocking agents ... have become popular among performers for the treatment 

'^Ibid. 

" Ibid., 227. 

" Sataloff provides a more comprehensive account of antacids and acid inhibitors in Vocal Health 
and Pedagogy, 227-9. 

"Ibid., 224. 
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of performance anxiety."'^ He adds. 

The laryngologic community generally agrees that these drugs should not 
be used by singers. They are potentially dangerous, affecting heart rate, blood 
pressure, and provoking asthma attacks in susceptible patients. In addition, when 
given in doses sufficient to ameliorate stage fright, they produce a lackluster 
performance [A]ny professional voice user who requires an ingested substance 

to perform the daily activities of his or her chosen profession is revealing a 
signiHcant problem and should be referred for appropriate counseling and 
treatment of the cause of the problem, not merely medicated.^*' 

The Vocal Athlete 

Sataloff provides a comprehensive comparison between the sport athlete and the 

vocal athlete. He concludes that a vocal performance is an athletic endeavor and singers, 

studio voice teachers, and choral conductors should adopt the same training principles as 

any other athlete or coach. "Training for an athletic competition involves the application 

of four basic principles to elicit a training effect; overload, speciHcity, individuality, and 

reversibility." Vocal training "should incorporate the same training principles to produce 

a training effect in the musculature and energy systems utilized in vocal production.""' 

Overload 

Sataloff summarizes the concept of overload as follows: "The overload principle 

states that physiological adaptations will occur in the working muscles with the 

appropriate stimuli. Appropriate stimuli include workloads that are greater than 

"ibid., 113. 

^ Ibid., 230. 

Ibid., 356. 
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workloads encountered in daily life."^ bi other words, training must incorporate some 

degree of overload for an improvement in physical fitness to occur. Sataloff makes the 

important point that the aspect of training overload known as interval training is as 

necessary to the singer as it is to the sport athlete. He reconunends that heavier vocal 

workouts be alternated with lighter workouts with sufficient rest interspersed to allow for 

adequate recovery. Applying the principal of interval training to voice lessons and choral 

rehearsals should result in improved vocal stamina, enhanced vocal performance, and 

fewer vocal injuries.^ 

Specificity 

According to Sataloff, "Skill specificity means training the muscle groups and 

movement patterns... involved in the activity of interest."*"* Simply put, vocal exercises 

should relate directly to vocal performance. 

Individuality 

The principle of individuality is: "The physiological responses to training vary 

between individuals."^ Because laryngeal musculature differs between individuals, vocal 

training routines should, therefore, be appropriately tailored to each singer. 

^Ibid. 

^Ibid. 

^Ibid. 

^Ibid. 
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Reversibility 

Reversibility can be summarized as follows: "The majority of physiological 

benefits from training are lost within a short period of time when training is 

continued."'^ Therefore, Sataloff asserts that complete vocal rest may only be advisable in 

instances of injury or surgery."^ 

The Vocal Team 

Until recently, the relationship between the medical and musical concerns about 

the larynx and voice has been distant. Singers, voice teachers, and choral conductors 

"could see little benefit from cycles per second and anatomical terms Today, we are 

witnessing a greater trust from the singing teachers that science may have valid 

information to be shared in the studio In addition, there is greater collaboration 

among the four professional groups associated with voice use: the singers, the studio 

teachers, the laryngologists, and the speech pathologists, or "the users, the trainers, the 

treaters, and the rehabilitators.I believe that all singers, studio teachers, and choral 

conductors can greatly benefit from the common interests of a vocal team. 

Pre-Screening 

In a college or university setting, student singers are frequently required to use 

-"Ibid., 357. 

"ibid. 

^ Thomas F. Cleveland, "A Clearer View of Singing Voice Production: 25 Years of ftogress," 
Journal of Voice 8 (1994): 23. 

^ G. Paul Moore. "A Sketch of the Partnership Between Speech Pathology and Laryngology," in 
Voice Perspectives, ed. Robert T. Sataloff (San Diego: Singular Pub., 1998), 12. 
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their voices all day long. A student may be singing in a choral ensemble, opera workshop, 

opera production, voice lesson, and coaching session. In addition, the student may be 

practicing individually several hours per week. Before undertaking such a rigorous 

workload, students might consider visiting a laryngologist to determine whether any pre

existing medical conditions would inhibit optimal vocal performance. 

A 1999 study at the University of Miami School of Music investigated "the 

incidence of laryngeal abnormalities in asymptomatic singing students."^" Sixty-five 

students, who denied having any vocal difHculties at the time of testing, underwent 

videostroboscopic laryngeal evaluation. The evaluation revealed that "a significant 

number of. . .  students had an abnormal appearance to their larynges, including 5 with 

benign vocal fold lesions, 35 with posterior erythema, 17 with edema, and 20 with 

incomplete glottic closure."^' These results indicate that a pre-screening process might 

increase students' vocal awareness and lessen the likelihood of vocal injury during musical 

training. 

^ Donna S. Lundy, Roy R. Casiano, Paula A. Sullivan, Soham Roy, Jun W. Xue, and Joseph 
Evans, "Increase of Abnormal Laryngeal Findings in Asymptomatic Singing Students," Otolaryngology— 
Head and Neck Surgery 121 (1999): 69. 

"Ibid., 73. 
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CHAPTER THREE 

VOCAL FATIGUE 

A common complaint among operatically trained singers participating in college 

and university choral programs is that they experience vocal fatigue} The medical 

definition of fatigue is, "that state, following a period of mental or bodily activity, 

characterized by a lessened capacity for work and reduced efflciency of accomplishment 

,,,Fatigue of the voice, therefore, is an"... inability to continue to phonate for 

extended periods without change in voice quality."^ 

Signs of Effort When Singing 

An individual's voice may evidence fatigue by the presence of any of the 

following, during or after singing; 

1. Change in voice quality after long periods of voice use 

2. Throat soreness 

3. Facial distortions related to increased effort 

4. Compensatory physical posture such as elevated shoulders, head thrust forward, 

or stiffened neck muscles 

' Several choral conductors discuss vocal fatigue in Carol Ann Cook-Koenig, "Vocal Fatigue In 
Choral Singing; Causes and Suggestions for Prevention Voiced by Prominent Choral Directors" (Ph.D. 
diss.. The Florida State University, 199S). Hugh Douglas Slusher, in "A Comparison of the Perspectives of 
College Choral Directors, Voice Teachers, and Voice Students Concerning Solo and Choral Singing" (PhD. 
diss.. The Ohio State University, 1992) also notes vocal fatigue as an area of conflict for singers, teachers, 
and conductors. 

^ John H. Dirckx, ed., Stedman's Concise Medical Dictionary for the Health Profession (Baltimore: 
Williams and Wilkens, 1997), 318. 

^ Robert T. Sataloff^ and Mary Hawkshaw, "Medical Care of Voice Disorders," in Choral 
Pedagogy, eds. Brenda Smith and Robert T. Sataloff (San Diego; Singular Pub., 20(X)), 32. 
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5. Inability to sustain long phrases 

6. Irregularity in vibrato 

Factors Associated With Fatigue 

Voice use patterns and other associated factors related to vocal fatigue include: 

1. Excessive talking or singing at either end of pitch or volume range 

2. Vibrato control, especially if excessive tension in the vocal muscles is present 

3. Abuse such as shouting, screaming, throat clearing, abrupt glottal attack, or 

excessive laughing 

4. Physical condition and poor nutrition 

5. Psychological stress resulting in chronic muscle tension 

6. Careless Speech 

7. The Lombard Effect 

8. Blend 

The last three associated causes, careless speech, the Lombard Effect, and blend 

require further discussion. 

Careless Speech 

Julie Barkmeier recommends ten tips for healthy speaking. When singers, studio 

voice teachers, and choral conductors adhere to them, vocal fatigue resulting from careless 

speech is less likely to occur. These tips are: 

1. Speak using proper posture as you would when singing. 

2. Speak after you have re-supplied your air and stop when you feel the need to push air 

out to keep your voice working. 
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3. Do not "attack" voicing during speech. Initiate your speech smoothly and with ease. 

4. Speak sparingly. You are a vocal athlete. Interval training leads to success. Constant 

training leads to burnout and injury. 

5. Speak in the middle of your pitch range rather than using a lower pitch. (Most people 

have a particular pitch range that is easier to stay at when talking.) 

6. Speak using your vocal "resonance" — not that used for performance. 

7. Reduce throat clearing and coughing. 

8. Do not yell or speak loudly for long periods of time (such as speaking over 

background noise, etc.) 

9. Speak with an open vocal tract (such as when you are yawning). 

10. Speak at a slow and melodic pace.** 

Of these ten, tips 4 and 6 seem to be most often overiooked. The concepts of 

interval training and the vocal athlete were presented in Chapter Two, The Vocal Athlete, 

(Overload), but it applies as much to speaking as it does to singing. Unfortunately, singers 

are usually gregarious, verbal people who may find it difficult to speak less firequently. 

Also, singers may be inclined to confuse vocal resonance with performance resonance. 

Normal conversation does not require the same degree of resonance as that used for 

performance. Modifying the shape of the vocal tract in order to maximize vocal tract 

resonance is not necessary for everyday speech and can contribute to vocal fatigue. 

Julie Baikineier, handout given in Music SlOB, Vocal Pedagogy (Tucson: The University of 
Arizona, Spring Seoiester, 2000). 
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The Lombard Effect 

According to Sataloff, "The Lombard Effect is the tendency to increase vocal intensity in 

response to increased background noise. A choral environment provides individual 

singers with "less than a desired amount of auditory feedback" because their sound is 

masked by surrounding voices. "When the masking effect occurs..., there is a tendency 

for singers to push or force their voices to enhance feedback."^ Therefore, it is important 

for chorus members to resist singing beyond their vocal intensity limits. 

Blend 

For most choral musicians, blend refers to a choral sound ideal comprised of no 

identifiable individual vocal colors. This sound ideal can only be realized if all members 

in each section of the choir make every effort to sound alike. Since each singer differs 

with regard to laryngeal and vocal tract dimensions, vocal fold length and thickness, and 

vocal training, blending is usually achieved by statically holding positions of vowels, 

resonance, and adductions. This can cause undue tension in the cricothyroid and 

thyroarytenoid muscles and contribute to vocal fatigue. 

Possible Biomechanical and Phvsiological Factors 

In addition to symptoms and associated causes of vocal fatigue, biomechanical and 

physiological factors should also be considered. Ingo R. Titze states that "there is no 

evidence that human body tissue is well designed for long exposure to vibration. In fact, 

^ Robert Thayer Sataloff, Vocal Health and Pedagogy (San Diego; Singular Pub., 1998), 81. 

^ Steven Tonkinson, "The Lombaid Effect in Choral Singing," Journal of Voice 8 (1994): 24. 
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aside from incidental noises made in passing air or snoring, humans do not engage in 

activities that involve vibrating and colliding tissue at a rate of 20 to 1,000 times per 

second. Phonation is the exception."^ He hypothesizes that the following Hve phenomena 

may contribute to vocal fatigue; 

1. Fatigue of laryngeal muscles 

2. Straining of non-muscular laryngeal tissue (ligaments, joints, membranes) 

3. Increase in tissue viscosity of the vocal folds, making it harder to maintain vibration 

because of increased friction 

4. Loss of blood circulation due to constricted blood vessels in phonation 

5. Loss of subglottal pressure caused by fatigue of the respiratory muscles^ 

^ Ingo R. Titze, Principles of Voice Production (Engiewood Qiffs, NI: Prentice-Hall, 1994), 322. 

* Ibid., 323. 
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CHAPTER FOUR 

SUGGESTED CHORAL REHEARSAL TECHNIQUES 

This chapter will attempt to provide common ground for operatically trained 

singers, studio voice teachers, and choral conductors. It will present choral rehearsal 

techniques that might enable operatically trained voice students to participate in a choral 

ensemble without compromising vocal development or risking vocal injury. These 

techniques will relate basic knowledge of voice function, vocal health, and vocal fatigue to 

three prevalent choral issues: warming-up, blend, and vibrato. In particular, physiologic 

voice function exercises developed by Joseph C. Stemple have been shown to increase 

glottal efficiency, thereby reducing the likelihood of sustaining vocal injury and 

experiencing vocal fatigue.' Stemple's exercises can be incorporated into a warm-up 

sequence and then applied directly to selected choral repertoire. It is hoped that this 

chapter will help resolve the debate about vocal technique and voice use that often exists 

between operatic and non-operatic choral musicians. 

Warming-Up 

What happens during vocal warm-up and why it is important is not clearly 

understood. Sundberg has observed; 

As is the case with other muscles, the vocal folds depend on efficient blood 
circulation in order to retain good function and viscosity. It seems likely that good 
circulation is stimulated by an appropriate warm-up procedure. Other people who 
depend on perfect muscle function, like ballet dancers and athletes, tend to warm-

' Julianna Wrycza Sabol, Linda Lee, and Joseph C. Stemple, "The Value of Vocal Function 
Exercises in the Practice Regimen of Singers," Journal of Voice 9 (199S): 27. 
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up their muscles in advance. This warming-up is realized by movements or 
massage. It is difficult to give massage directly to one's vocal folds, but perhaps 
the same effect is reached if we can use them for a gentle phonation instead." 

Most college music students who are studying operatic vocal technique learn 

warm-up exercises from tiieir studio teacher. These exercises usually contain many 

ascending and descending scales and arpeggios that may be isotonic or calisthenic. 

Isotonic exercises allow the laryngeal muscles (cricothyroid, thyroarytenoid, and 

cricoarytenoid) that control vocal fold approximation to change length at a slow rate. 

Calisthenic exercises are composed of numerous short muscle contractions.^ Isotonic and 

calisthenic exercises may reduce vocal-fold viscosity and increase the periodicity of the 

vocal-fold vibrations.'* They also extend the singer's vocal capabilities in terms of pitch, 

range, tone quality, loudness, and singing style.^ 

In addition to isotonic and calisthenic exercises, many vocal pedagogues consider 

the messa di voce technique (a pitch that is begun with a crescendo, sustained at a forte 

dynamic level, and ended with a diminuendo) to be an invaluable aid to artistic singing.^ 

The messa di voce technique relies on isometric rather than isotonic principles. An 

' Johan Sundberg, The Science of the Singing Voice (DeKalb, IL: Northern University Press, 1987), 
193. 

^ Sabol, Lee, and Stemple, 27-8. 

'* Ninni Elliot, Johan Sundberg, and Patricia Gramming, "What Happens During Vocal Warm-Up?," 
Journal of Voice 9 (1995): 37-43. 

^ Ingo R. Titze, "Choir Warm-ups: How Effective Are They?," The NATS Journal 56, no. 5 
(May/June 2000): 31-2. 

' A detailed discussion of the messa di voce technique can be found in Richard Miller, The 
Structure and Science of Singing: System and Art in Vocal Technique (New York: Schinner Books, 1996), 
171-6. 



isometric exercise is "based on single, maximum contractions of muscle groups in which 

the contraction is sustained for a period of several seconds without motion."^ 

Ideally, both isotonic and isometric voice fimction exercises should accommodate 

each singer's unique physiology. Unfortunately, the choral warm-up is usually a group 

activity that disregards this uniqueness. Moreover, most choir directors rarely mention 

what a particular warm-up exercise is supposed to accomplish. Conversely, orchestras 

understand the value of individual warm-up. Before a rehearsal, instrumentalists tend to 

their own reeds, lips, bows, valves, and playing techniques on an individual basis. 

Operatically trained student singers should be encouraged to take the same opportunity 

either before or during the choral rehearsal to tend to their laryngeal muscles with isotonic 

and isometric exercises and singing techniques in a similar fashion. That is the only way 

these student singers can effectively gauge their vocal readiness for the demands of the 

rehearsal. 

Sabol, Lee, and Stemple used four vocal function exercises in their experiment 

with twenty graduate-level voice majors at the Cincinnati College Conservatory of 

Music.^ The objective measures in this experiment determined that specific vowels used in 

isomeuric-isotonic exercises resulted in improved coordination in the laryngeal/respiratory 

muscular system and improved glottal efHciency. Therefore, choral directors might 

consider requiring their singers to perform these exercises independently as part of the 

^ Sabol, Lee, and Stemple, 27. 

'ibid., 27-35. 



34 

ensemble's warm-up routine. 

Exercise 1. Sustain /i/ as long as possible on a comfortable pitch. 

Exercise 2. Glide from the lowest comfortable pitch to the highest comfortable pitch, 
using/o/. 

Exercise 3. Glide from the highest comfortable pitch to the lowest comfortable pitch, 
using/o/. 

Exercise 4. Sustain the pitches cl. dl, el, fl, and gl (one octave lower for males) for as 
long as possible, using/o/. 

From Clinical Voice Pathology Theory and Management, 3*^ edition, by Stemple, Glaze, Gerdeman, and 
Klaben, 221-4, ©2000. Reprinted with permission of Delnuir, a division of Thomson Learning. Fax 800 
730-2215. 

Since these exercises "are designed to strengthen the laryngeal musculature and to 

facilitate efficient vocal fold vibration,"' they should be performed at a very soft dynamic 

level rather than one that is acceptable for public singing. Singers are vocal athletes and, 

like any athlete, beneHt greatly from gentle stretching before a more strenuous workout. 

Blend 

Choral blend has long been a thorny issue for operatically trained singers, studio 

voice teachers, and choral conductors, especially for music written before the nineteenth 

century. "The sweet, flexible, and clear sound, so often described by Renaissance writers 

..." is frequently perceived as "thin, straight, and lifeless."'" It is important to remember 

that sixteenth-cenmry cathedrals provided a vibrant acoustic that reinforced vocal 

'ibid., 28. 

Gary Fisher, "Renaissance Vocal Technique for the Choral Conductor," The Choral Journal 29, 
no. 1 (April 1988); 19. 
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resonance. In contrast, contemporary operatic singing is chiefly a product of nineteenth-

century vocal technique that developed to meet the acoustical demands of larger orchestras 

and concert halls. Manuel Garcia describes a vocal technique which favors a consistent 

use of the lowered larynx."" This kind of laryngeal posturing contributes to the singer's 

formant (see Chapter One, Singer's Formant) and is usually judged to be incompatible 

with a more blended sound ideal. 

In 1568, Massimo Troiano characterized a desirable Renaissance blend as follows: 

"And something else that I heard with astonishment and satisfaction was that they sing so 

well together that even he who has the best ear cannot detect one singer's voice from 

another's."'" Hermann Finck provides another clue about the preferred sound of sixteenth-

century choral music: "The higher a voice rises the quieter and lovelier should the note be 

sung;... so that one voice is like another, the high as well as the low, become soft, gentle, 

and clearly understood."'^ In order for modem, operatically trained singers to approximate 

an acceptable Renaissance sound quality, a slight modiHcation of twentieth-century vocal 

technique must therefore be employed. Unfortunately, too few singers and studio voice 

teachers are willing to make any vocal adjustment because they erroneously believe that 

"the use of the singer's formant is indicative of the healthiest and most efHcient kind of 

'' Manuel Garcia, Trait complet de Van du chant (Paris 1840), quoted in Mauro Uberti, "Vocal 
Techniques in the Second Half of the Sixteenth Century," Early Mttsic 9 (October 1981); 487-8. 

'• Horst Leuchtmann, Die M&nchner Furstenhochseit Von 1568 Massimo Troiano: Dialoge 
(Munchen: Verlag Emil Katzbichler, 1980), 95-7; cited in Fisher, 18. 

Hermann Finck, Practica musica Hermanni Finckii,... ac quaedam de arte etart̂ ciose 
continens (Wittenberg, 1556), Book V; quoted in Carol MacCUntock, ed.. Readings in the History of Music 
in Peiformance (Bloomington: Indiana Universi^ Press, 1979), 62-3. 
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vocal production."''' No research in voice physiology and function, however, supports this 

commonly held notion. 

Since Stemple's Vocal Function Exercises are phonated at a very soft dynamic 

level, they seem particularly well-suited to the performance of Renaissance music by 

operatically trained singers. For example, a choir comprised of operatic voices could 

rehearse sixteenth-century choral music using the same soft /o/ sound found in Stemple's 

Exercises 2,3, and 4 (see p. 34). This rehearsal technique should help each singer's 

unique laryngeal/respiratory muscular coordination acclimate to the Renaissance sound 

ideal and also avoid vocal strain. In addition, the messa di voce technique (see p. 32) 

might be a healthful way to effect the subtle crescendos and decrescendos of this 

repertoire because of the consistency of cricothyroid and thyroarytenoid muscular 

involvement. 

In contrast with Renaissance music, the Romantic sound ideal typically employs a 

greater dynamic range, and the vocal ranges are more extreme. Three vocal techniques 

recommended for singing nineteenth-century choral music are vowel modiHcation, the 

aforementioned messa di voce, and utilization of the singer's formant. Most operatic vocal 

pedagogues agree that vowel modification (aggiustamento) is necessary in order to 

Hilary Apfelstadt, Loretta Robinson, and Marc Taylor, "Building Bridges Among Choral 
Conductors, Voice Teachers, and Students," printed material firom an interest session presented at the 
American Choral Directors Association national convention, San Antonio, TX, 17 March 2001. 
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achieve a warni and round vocal timbre in the upper range.'^ Because the messa di voce 

vocalise enables a singer to acquire a more uniform timbre in all vocal registers, it is 

appropriate for and applicable to nineteenth- as well as sixteenth-century repertoire.'^ The 

singer's formant is needed to amplify the vocal sound so that it can meet the demand for 

greater volume in Romantic music. Specific techniques for acquiring the singer's formant 

are best learned in the private voice studio. 

Vibrato 

Possibly one of the least understood aspects of choral singing is the use of vibrato. 

For the operatically trained singer, a fairly large vibrato is an acceptable and healthy result 

of singing with a lowered larynx. The sixteenth-century singer, however, did not utilize 

the same laryngeal position and, therefore, the vibrato was probably less pronounced. 

What constitutes an acceptable amount of vibrato largely depends upon musical context. 

Nevertheless, any vibrato that clouds the texture and clarity of the musical line is 

inappropriate for any stylistic period of music. 

It has been my experience that excessive vibrato usually occurs when singers sing 

beyond their functional limits of pitch or volume. Since there is disagreement about the 

origin of vibrato (see Chapter One, Vibrato), no techniques to control vibrato can be safely 

suggested. Perhaps, the consistent application of voice function exercises and messa di 

voce vocalises in the choral rehearsal by operatically trained singers and choral conductors 

A detailed discussion of vowel modification, as well as several exercises to achieve proper 
modification, can be found in Miller, 150-60. 

It is important to remember that each voice has its own umbre, regardless of historical period, 
and that the ability to sing softly frequently improves as the voice matures. 
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could establish appropriate pitch and volume limits for each piece of choral music. This 

might result in varying but acceptable amounts of vibrato for all stylistic periods. 

Choral Application 

Pre-existing evidence in the literature shows that Stemple's Vocal Function 

Exercises increase glottal efficiency and promote vocal health. Therefore, in order to 

facilitate the integration of operatically trained singers into the collegiate choral rehearsal, 

Stemple's Vocal Function Exercises as described in the literature, as well as messa di voce 

vocalises, were applied to selected choral repertoire during eleven SO-minute rehearsals 

with the Arizona Choir at The University of Arizona. For the purpose of helping others 

understand the integration process, I will describe the application. 

The selected repertoire consisted of Salve Regina by Lasso, and In Stiller Nacht 

by Brahms (see Appendix). These pieces were chosen because they are from two different 

centuries, each with its own particular sound ideal. The Arizona Choir is comprised 

largely of graduate voice students. Consequently, it is an appropriate ensemble to use in a 

study exploring how operatically trained singers can participate in the collegiate choral 

rehearsal without compromising vocal development or risking vocal injury. 

The first five rehearsals were devoted exclusively to teaching Stemple's Vocal 

Function Exercises to the Arizona Choir members. Because of the individual nature of 

these exercises, Arizona Choir members were asked to stand as far apart from each other 

as possible in the rehearsal room. Singers were reminded to use whatever they considered 

to be correct vocal posture, body alignment, and breath support. They were also 
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encouraged to sing with a clear and resonant tone, but without the acoustical boost 

provided by the singer's formant. 

Most of the singers were able to learn these exercises quickly and could perform 

them easily. Some, however, experienced difHculty executing Exercises 2 and 3, the 

ascending and descending glides. Individual instruction with these singers revealed that 

they were singing the glides either too loudly or too quickly. Only when the glides are 

executed softly and slowly can they most effectively improve laryngeal/respiratory 

coordination. 

Once all singers could easily perform Stemple's exercises, the messa di voce 

vocalise was added to the instruction process. This vocalise promotes a consistency of 

cricothyroid and thyroarytenoid muscular involvement that reduces the likelihood of vocal 

strain. Singers were told to begin and end each messa di voce at the same volume used in 

Stemple's glides. Most singers found these vocalises easy to perform in the lower and 

middle parts of their vocal range, but much more difficult in their upper range. 

After five rehearsals, the exercises were applied to the selected repertoire. Singers 

were asked to sing the music with the same vowel sound and at the same dynamic level 

used in Stemple's glides. This process helped each singer's unique laryngeal/respiratory 

muscular coordination acclimate to the particular demands of the music. Within minutes, 

some students remarked that they found the music easier to sing. One soprano said, "I 

actually had a couple of moments where the sound I made was... clear though quiet, and 

I couldn't even feel that I was singing. It felt like my mouth was just open. I liked the 

feeling of being able to use my voice with no effort at all... a very new concept for me." 
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Next, the singers sang the music and the text as written. They were instructed to 

make whatever vowel and volume adjustments were necessary so that their vocalism 

would feel the same as during Stemples' exercises. As before, this improved the singers' 

laryngeal/respiratory function and increased their glottal efficiency. As a result, these 

operatically trained voices seemed to negotiate the demands of the music much more 

easily than before. For example, in Salve Regina, the tenor part in mm. 1-7 lies almost 

exclusively in the upper passaggio, and the soprano part in m. IS also ascends to the upper 

passaggio. Many Arizona Choir members said they were able to sing these phrases at a 

softer dynamic level without feeling strain or fatigue. Applying the messa di voce 

vocalise to In stiller Nacht where indicated in the score, especially mm. 8-11, also proved 

helpful to most singers. They said they could crescendo and decrescendo more smoothly 

and with less perceived effort. A few observed that singing within their functional limits 

of pitch and volume seemed to result in a vibrato that was somewhat less pronounced. 

Based on my empirical experience with this choral application, my impression is 

that Stemple's Vocal Function Exercises and messa di voce vocalises can help operatically 

trained singers participate more comfortable and healthfully in the collegiate choral 

rehearsal. Further formal experimentation is needed to more objectively assess the 

effectiveness of this method. 
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CONCLUSION 

In this document, I have sununarized the last thirty years of research in the 

physiology and function of the singing voice, presented relevant vocal health concerns, 

and discussed possible causes of vocal fatigue. In addition, I have recommended two 

speciHc techniques, Stemple's Vocal Function Exercises and traditional messa di voce 

vocalises, that can be applied to the choral rehearsal so that operatically trained singers 

might participate without experiencing vocal fatigue, compromising vocal development, 

or risking vocal injury. 

Much more cooperation is needed, however, between the researchers on the one 

hand and the singers, voice teachers, and choral conductors on the other. In 1983, Bonnie 

N. Raphael spoke these words which are as true today as they were then: 

We all fall into the trap of believing that the tmth as we perceive it is 
indeed the only real truth. The gap between theoretical research and the needs of 
the voice professionals will be truly bridged when it is bridged from both 
directions. Physicians and voice scientists must be willing to relinquish what has 
been a somewhat paternalistic attitude towards performers, teachers, and 
coaches And we teachers and performers must give up our fear of being 
analyzed, categorized, reduced to numbers — we must stop hiding behind the 
"indecipherable Mystery of Art" and get into the laboratories, learn the basics of 
research methodology, and permit the scientists to examine the various 
components of what it is we do. When physicians and scientists can relate the 
research to everyday... needs—and when teachers and performers can base our 
practice solidly on fact and research..., then our knowledge and understanding of 
the performer's voice... could be vastly enhanced, as could a deep and mutual 
respect for the unique contribution of each of the many specialists and generalists 
in our field.' 

' Bonnie N. Raphael, "Bridging the Gap Between Theoretical Research and the Needs of the Voice 
Professional," in Transcripts of the Twelfth Symposium: Care of the Professional Voice Held at The Juilliard 
School in New York 6-10 June 1983, ed. Van L. Lawrence (New York: The Voice Foundation, 1984), 44-5. 
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The principles of vocal pedagogy and voice science are both indispensable parts of 

the study of vocal health. By working together, voice researchers, speech pathologists, 

singers, voice teachers, and choral conductors, can make the collegiate choral experience a 

healthy one for all participants. 
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pocD 41 ppoo crascL 
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