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Epigastric assistance is a breath management system for singing, that functions as 

a means for activating the requisite muscles needed for breathing, monitoring the action 

of these muscles, and regulating subglottal pressure.  The manner in which the breath is 

managed determines how the vocal folds vibrate, this ultimately influencing the quality 

of sound produced.  This fact alone demands a thorough investigation and understanding 

of breath management and the importance of the role of the epigastrium.   

In order for the reader to understand the role of the epigastrium in breath 

management, it is necessary to be familiar with the following information:  1) a definition 

of the epigastrium, 2) an understanding of the physiology of breathing, 3) a review of the 
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literature that addresses breath management and the role of the epigastrium, 4) a 

perspective on the importance of epigastric assistance for the teacher and student, 5) an 

understanding of how subglottal compression affects phonation, and 6) a knowledge of 

scientific research that furthers the understanding of epigastric assistance.  This 

knowledge will allow the understanding of the concept of epigastric assistance to be 

defined in the totality of singing.  

The primary focus of this treatise is a research study that measures the effects of 

epigastric activity upon respiratory and acoustical output.  The results from the 

respiratory trials indicate that the subjects with a functional understanding of breath 

management experienced longer duration, greater volume of air, and a more efficient rate 

in the use of the air.  However, for non-singers and those without breath management 

experience, there was decreased duration, less volume of air, and a less efficient rate in 

the use of air.  Changes in the acoustics for both singers and non-singers with epigastric 

assistance included an increase in harmonics, greater intensity in the fundamental and 

harmonics, more consistency in the harmonics, and the addition of high harmonics at and 

above 1100 hertz.  The results of this work reveal the importance of epigastric activity in 

singing and point to the need for further research, study, and discussion.   
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Introduction:  PROBLEM AND PREMISE 

 

Background 

 

 In 2002, I herniated two disks in my lower back.  One consequence of the injury 

was that my method and system of breath management no longer worked; I could no 

longer sing properly.  After spending many weeks supine, I began the task of figuring out 

how to breath and manage the breath again so that I could sing properly.  It was during 

this time that I realized that I did not understand how I breathed to sing, nor did I know 

how to manage the breath.  I changed whatever I did for breathing and breath 

management according to the whims of my voice teacher at the time (keep in mind that I 

have had sixteen some odd teachers to date).  My investigations eventually lead to me to 

the “up-and-in” method of breath management.  I found that this approach allowed me to 

once again compress the air, control its emission, and not fatigue while singing.   

The following summer I met Lisa Popeil, a clinician, at the SummerSong Vocal 

Workshop.  In her first presentation she focused on the action of the epigastrium.  She 

spoke of low expansion for inhalation, followed by an outward flex of the epigastrium 

that resisted the inward clenching of the lower abdominals during exhalation.  This was 

the method that I had been slowly developing, for which I had not yet found a 

description.  Her presentation reminded me of the “bouncing epigastrium” that William 

Vennard discussed in Singing, the Mechanism and the Technique.  It was intriguing to 

consider that none of the many teachers of voice with which I had studied had focused 

upon the action of the epigastrium.   
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 The ways in which I sang and taught voice radically changed and improved from 

these experiences.  My vocal students from that time forward received a rigorous 

education in my newly discovered method of breath management.  If they could not learn 

how to breathe using this technique, I would reluctantly introduce the “down-and-out” 

approach, which I do not believe works as well for managing the breath.   

 I continued my study of breath management and what has been written about it by 

vocal pedagogues.  Unfortunately, I have generally been disappointed by the lack of 

information, conflicting methods, and nebulous descriptions of breath management 

techniques.  I do not believe that breathing and managing the breath for singing should be 

so difficult to understand nor should it be so tricky to master and teach.  For this reason, I 

undertook the study of epigastric assistances (EA) in breath management for singing with 

the hope that it will help foster both increased understanding and proper usage of this 

method.   

 

Problem 

 

 Two of the most fundamental principles of singing are breathing and breath 

management.  Efficient and robust voice function for classical singing is inherently 

dependent upon how a singer inhales and exhales over time.  Despite its importance, 

there are multiple contradictory methods used for breathing and for breath management 

throughout vocal study.  A study of vocal technique must include breathing and breath 

management. 
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 Breath management, also referred to as support, is one of the most controversial 

subjects within the field of vocal pedagogy.  The common definition of breath 

management indicates the slow, controlled emission of breath during singing.  

Furthermore, there is little consensus among teachers of singing regarding the manner in 

which breath should be managed.
1
  This controversy has produced a great deal of 

confusion for those trying to understand this fundamental principle of singing.   

 A lack of specifics in the literature only adds to the confusion and controversy 

about breath management among teachers and students alike.
2
  Unfortunately, there is a 

clash of opinions on the subject that may account for the dearth of specific methodology 

to produce breath management.  Nearly every author claims the vital need for breath 

management, yet few explain their preferred method in a common language understood 

by all.   

 Another important factor when discussing a method of breath management is its 

impact and effectiveness for singing.  It is impossible to choose a method for which there 

is no discernible, quantifiable result.  Breath management can affect stamina, onset and 

phonation, registration, dynamics, tessitura and range, as well as continuance and 

duration.  These components define the quality of sound and ultimately the music being 

sung.  A review of the literature will show that there is little pertaining to the method of 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1
 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 98.  

2
 Richard Miller, Techniques of Singing: A Study in National Tonal Preferences and How 

They Relate to Functional Efficiency (Metuchen: Scarecrow Press, 1977), 12; Elizabeth 

Blades-Zeller, A Spectrum of Voices: Prominent American Voice Teachers Discuss the 

Teaching of Singing (Lanham: Scarecrow Press, 2002), 7. 
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breath management with regard to its effectiveness and its effects on the type of sound it 

produces.
3
   

 There is neither a common language nor an accepted body of terminology used in 

the teaching of singing.
4
  This may be an additional factor contributing to the lack of 

clarity associated with breath management.  It is not hard to imagine how the same term, 

such as “support,” could have an entirely different connotation.  For example, it can mean 

breath compression or flow, subglottal air pressure, abdominal, thoracic or epigastric 

muscular activity, resistance to the bodies’ inclination to collapse during exhalation, or 

even the decibel level.  Until a common language and terminology is well defined, 

confusion will continue to abound.  While terminology is not the focus of this treatise, 

breath management will be used exclusively to refer to the slow, measured, and 

controlled exhalation during singing.   

 Two prevalent and incongruent philosophies surrounding breath management 

have emerged in the past two hundred years.  A simplified version of the first method 

states that the abdominal region is to be held out during exhalation to manage the breath.
5
  

The other method says that the abdominal regions must be pulled in to manage the 

breath.
6
  The role of the epigastrium in breath management is classed with the latter of 

the two.  Despite apparent confusion about the efficacy of the epigastrium and breath 

management overall, there are several important sources which discuss the epigastrium.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3
 James McKinney, The Diagnosis and Correction of Vocal Faults (Nashville: Broadman, 

1982), 45. 
4
 Cornelius Reid, A Dictionary of Vocal Terminology: An Analysis (New York: Patelson, 

1983), 1-457.   
5
 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 98.   

6
 Ibid.   
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They provide valid indications that EA contributes significantly to successful singing 

technique and is easily mastered by the singer.   

 

Premise 

 

 One of the important early advocates of EA is Professor William Vennard.  In 

Singing, the Mechanism and the Technique, he wrote extensively about the epigastrium 

and how best to incorporate this EA into classical singing.  His understanding of the 

benefits of epigastric action includes the bulging epigastrium as proof of good 

diaphragmatic development, the epigastrium as a useful region to check and feel the 

action of the diaphragm, and that the outward motion of the epigastrium is caused by a 

contraction of both the diaphragm and the abdominals muscles.  Vennard also makes the 

connection between the illusion of “sitting on the breath” and “singing on the gesture of 

the inhalation” as sensations indicating epigastric involvement.  He goes on to claim that 

pushing his fist into the novice student’s epigastrium will help them to sufficiently stiffen 

the region, thus setting up the requisite muscular antagonism between the abdominals and 

the diaphragm to allow them to sing for a longer duration.
7
   

 Past research has only indirectly documented epigastric activity as part of 

abdominal and thoracic kinematics, expansion and volume in normal respiration for 

speech and singing, as well as in post surgical patients, and those with abnormal 

respiratory function.  These published results do not speak to the use of EA in breath 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
7
 William Vennard, Singing, the Mechanism and the Technique, 5

th
 ed. (New York: Carl 

Fischer, 1968), 28, 30, 34. 
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management with respect to its affect upon exhalation and the acoustical properties of 

phonation.   

 This treatise investigates the validity of the role of the epigastrium in breath 

management and its impact and effectiveness for singing.  To provide a clearer 

understanding of breath management, this treatise provides an overview of current and 

past vocal pedagogical literature on breath management.  A new perspective on the 

physiology of breathing is presented, followed by the arguments for EA in breath 

management.  Current technology is used to verify the validity of Vennard’s initial 

discussion and claims regarding epigastric activity in singing.  By testing his instructions 

for stiffening the epigastric region to produce efficient breath management, the changes 

in breath exhalation and acoustical tone produced were documented.  Lastly, this treatise 

will expound upon the measurements of the actual affects of muscular engagement of the 

epigastric region on the rate and volume of exhalation, as well as the acoustical quality of 

the sound produced.   
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Chapter 1:  LITERATURE REVIEW 

 

Past and Current Understanding of Breath Management in Singing Since 1900 

 

 At the beginning of the 20
th

 Century, two schools of thought emerged regarding 

the study and instruction of voice.  The first group, comprised of Alma Powell, Louis 

Russell and David Taylor, did not believe knowledge of human physiology was 

important in teaching voice.  In fact, they looked upon scientific inquiry as a useless and 

pernicious evil.
1
  In their writings, they address breath management in training the voice, 

but without the benefit of anatomical or physiological understanding.   

 On the other hand, a second group emerged with interest in the actual physiology 

of vocal production.  This second group of pedagogues, Lilli Lehmann, Henry Hulbert, 

and Mary James, Frank Miller, had many ideas, theories and philosophies, some of which 

would later be confirmed by the emerging field of voice science.
2
  Many unanswered 

questions remain along with contradictory breath management techniques, though.  

Before reviewing the literature, a basic understanding of the primary types of breathing 

for breath management and how they function must be attained.   

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1
 Alma Powell, Advanced School of Vocal Art (New York: Schirmer, 1905); Louis 

Russell, The Body and Breath Under Artistic Control (Newark: Essex, 1904); David 

Taylor, The Psychology of Singing (New York: Macmillan, 1908). 
2
 Lilli Lehmann, How to Sing, R. Aldrich trans. (New York:  Macmillan, 1902); Henry 

Hulbert, Breathing for Voice Production (Novelle, Ewer & Co., 1903); Mary James, 

Scientific Tone Production: A Manual for Teachers and Students of Singing and 

Speaking (Boston: C. W. Thompson, 1903); Frank Miller, The Voice: Its Production, 

Care and Preservation, 6
th

 ed. (New York:  G. Schirmer, 1910).   
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 There are several methods of inhalation a vocalist can choose for singing.  One 

type that does not work for singing is clavicular breathing.
3
  Clavicular breathing is 

accomplished by heaving the chest up and down to pull the air in and force it out.  It is an 

automatic response that our bodies use, especially if we are out of breath from physical 

activity.  It has the advantage of getting air in and out very quickly, but its only method of 

control is chest heaving and laryngeal tension.  

 Rib, intercostal, or thoracic breathing is another method that is used in singing. 

This method focuses on expanding the ribcage during inhalation.  If the only focus is on 

expanding the ribs and nothing else, it is considered to be faulty.
4
  This is because it 

limits the downward travel of the diaphragm, as the abdominal region is not allowed to 

expand.  Back breathing, too, is only faulty for singing when it becomes the primary 

focus.
5
  When the back is the only area of focus, it limits expansion in all other areas.  

The negative results from using back breathing alone are the same as for thoracic 

breathing.  It limits the downward travel of the diaphragm, as the abdominal region is not 

allowed to expand.   

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
3
 Elizabeth Blades-Zeller, A Spectrum of Voices: Prominent American Voice Teachers 

Discuss the Teaching of Singing (Lanham: Scarecrow Press, 2002), 9-37; Marlee David, 

The New Voice Pedagogy (Lanham: Scarecrow, 1995), 16-28; Scott McCoy, Your 

Voice: An Inside View (Princeton: Inside View Press, 2004), 57, 83-106; James 

McKinney, The Diagnosis and Correction of Vocal Faults (Nashville: Broadman, 1982), 

48-68; Richard Miller, Techniques of Singing: A Study in National Tonal Preferences 

and How They Relate to Functional Efficiency (Metuchen: Scarecrow Press, 1977), 7-20; 

Johan Sundberg, The Science of Singing (DeKalb: Northern Illinois University Press, 

1987), 25-28.   
4
 Ibid.  

5
 Ibid.  
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 Belly breathing, also called abdominal breathing or diaphragmatic breathing, is 

yet another method that is used for singing.
6
  Expanding the abdominal region during 

inhalation produces abdominal breathing.  Like the previous methods, it becomes faulty 

only when it is the sole focus.  This is because it limits the diaphragm in its ability to 

move back up during the process of exhalation, not to mention it can produce poor 

posture (sunken chest and protruding abdomen).   

 Most teachers of voice do not espouse one single method, but a combination of 

two or more for breathing.  From the previously discussed types of breathing, none are 

effective by themselves for singing.
7
   The best type of breathing for singing seems to be 

a combination of the best features of both thoracic and abdominal breathing.
8
  This type 

is also referred to as “balanced breathing.”
9
  Inhalation “occurs through contraction of the 

diaphragm and the external intercostals, accompanied by some relaxation in the 

abdominal musculature.”
10

   

 The other part of breathing for singing is exhalation, referred to as support or 

breath management.  It refers to the slow controlled emission of breath during singing.  

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
6
 Ibid.  

7
 Elizabeth Blades-Zeller, A Spectrum of Voices: Prominent American Voice Teachers 

Discuss the Teaching of Singing (Lanham: Scarecrow Press, 2002), 9-37; Marlee David, 

The New Voice Pedagogy (Lanham: Scarecrow, 1995), 16-28; Scott McCoy, Your 

Voice: An Inside View (Princeton: Inside View Press, 2004), 57, 83-106; James 

McKinney, The Diagnosis and Correction of Vocal Faults (Nashville: Broadman, 1982), 

48-68; Richard Miller, Techniques of Singing: A Study in National Tonal Preferences 

and How They Relate to Functional Efficiency (Metuchen: Scarecrow Press, 1977), 7-20; 

Johan Sundberg, The Science of Singing (DeKalb: Northern Illinois University Press, 

1987), 25-28; Lisa Popeil, “Breathing” The Total singer. DVD. (Sherman Oaks: 

Voiceworks, 2000. 
8
 Ibid.  

9
 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 96. 

10
 Ibid.   
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The concept of breath management is based on the idea of muscular antagonism.  This 

has reference to two or more sets of muscles working in opposition to each other.
11

  The 

opposition created by the action of these elements produces an even, controlled, and slow 

emission of compressed air for singing.   

Intercostal or thoracic support is achieved by holding the ribs out during 

exhalation.
12

   If the singer breathes below the ribcage using a combination of thoracic 

and abdominal breathing, it can be used to produce support for singing.
13

  This is because 

of the notion of creating muscular antagonism between the inward contraction of the 

abdominal muscles and the outward expansion of the rib cage by the contraction of the 

intercostal muscles.
14

  This is referred to as the “up-and-in” method.
15

   

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
11

 Richard Miller, The Structure of Singing: System and Art in Vocal Technique (New 

York: Schirmer, 1986), 20; Scott McCoy, Your Voice: An Inside View (Princeton: Inside 

View Press, 2004), 93; Richard Alderson, Complete Handbook of Voice Training (West 

Nyack: Parker, 1979), 30. 
12

 Richard Alderson, Complete Handbook of Voice Training (West Nyack: Parker, 1979), 

33; Elizabeth Blades-Zeller, A Spectrum of Voices: Prominent American Voice Teachers 

Discuss the Teaching of Singing (Lanham: Scarecrow Press, 2002), 23; Marlee David, 

The New Voice Pedagogy (Lanham: Scarecrow, 1995), 25; Scott McCoy, Your Voice: 

An Inside View (Princeton: Inside View Press, 2004), 94; James McKinney, The 

Diagnosis and Correction of Vocal Faults (Nashville: Broadman, 1982), 57; Richard 

Miller, The Structure of Singing: System and Art in Vocal Technique (New York: 

Schirmer, 1986), 21; Richard Miller, Techniques of Singing: A Study in National Tonal 

Preferences and How They Relate to Functional Efficiency (Metuchen: Scarecrow Press, 

1977), 19; Cornelius Reid, The Free Voice, a Guide to Natural Singing (New York: 

Patelson, 1965), 162. 
13

 Ibid. 
14

 Richard Miller, The Structure of Singing: System and Art in Vocal Technique (New 

York: Schirmer, 1986), 20; Scott McCoy, Your Voice: An Inside View (Princeton: Inside 

View Press, 2004), 93; Richard Alderson, Complete Handbook of Voice Training (West 

Nyack: Parker, 1979), 30. 
15

 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 98. 
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Abdominal support is the other major method of breath management.
16

  This 

method requires the holding out of the abdominal region during exhalation to create 

support.  If the singer breathes and expands both the abdominal and thoracic regions this 

action can produce the requisite antagonism.  The antagonism is produced by the outward 

expansion of the belly by the abdominal muscles with the slow collapse of the rib cage by 

the intercostal muscles during singing.  This is referred to as the “down-and-out” 

method.
17

   

For both the “down-and-out” and the “up-and-in” methods, the breath is being 

managed using the same basic principles.  There is a collapse and a resistance either with 

the top resisting the bottom (up-and-in) or the bottom resisting the top (down-and-out).  

The “down-and-out” approach functions by means of the abdominals resisting the thorax 

whereas the “up-and-in” functions by means of the thorax resisting the abdominals.  

During exhalation, the one collapses while the other resists or expands to create support, 

whereas during inhalation, the one expands while the other relaxes to allow for the intake 

of breath.   

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
16

 Richard Alderson, Complete Handbook of Voice Training (West Nyack: Parker, 1979), 

36; Elizabeth Blades-Zeller, A Spectrum of Voices: Prominent American Voice Teachers 

Discuss the Teaching of Singing (Lanham: Scarecrow Press, 2002), 27; Marlee David, 

The New Voice Pedagogy (Lanham: Scarecrow, 1995), 28; Scott McCoy, Your Voice: 

An Inside View (Princeton: Inside View Press, 2004), 96; James McKinney, The 

Diagnosis and Correction of Vocal Faults (Nashville: Broadman, 1982), 57; Richard 

Miller, The Structure of Singing: System and Art in Vocal Technique (New York: 

Schirmer, 1986), 24; Richard Miller, Techniques of Singing: A Study in National Tonal 

Preferences and How They Relate to Functional Efficiency (Metuchen: Scarecrow Press, 

1977), 20; Lisa Popeil, “Breathing,” The Total Singer. DVD. (Sherman Oaks: 

Voiceworks, 2000); Cornelius Reid, The Free Voice, a Guide to Natural Singing (New 

York: Patelson, 1965), 163. 
17

 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 98. 
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R. Miller (1977) argues that both the “down and out” and “up and in” methods are 

based upon a flawed understanding of how the muscles function to create support.  He 

advocates the Italian method for breathing and supporting called “appoggio.”  

“Appoggio” means lean in Italian.  Miller defines it as “sterno-costal-diaphragmatic-

epigastric breathing.”
18

  This approach is a complicated system that encompasses posture 

and all the aspects of breathing that interconnect to form a delicate balance or 

equilibrium.  In summation, this process is a slow and controlled inward movement of the 

“upper abdominal wall [while experiencing a] balancing muscular action [of the] lumbo-

dorsal area [and the] anterior thoraco-epigastric area.”
19

  

Miller’s preferred method seems to be a combination of elements from both the 

“down and out” and “up and in” types of breathing to create an extremely sophisticated 

one.  An alternate view of this method of breathing may be that of an adaptation or 

mutation of the “appoggio” technique.  Either way, the authors consulted have the same 

difficulty defining this complicated and hard to follow method.  It is clear that this “Old 

Italian Method” is a sophisticated form of breathing, which is not easy to master for the 

singer.   

The final examined breath support technique for the purposes of this treatise is the 

action of the epigastrium in breath management for singing.  The epigastrium is just 

below the sternum, at the top of the abdominal wall.
20

  It is not a muscle or an organ, but 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
18

 Richard Miller, Techniques of Singing: A Study in National Tonal Preferences and 

How They Relate to Functional Efficiency (Metuchen: Scarecrow Press, 1977), 43 
19

 Ibid.  
20

 James McKinney, The Diagnosis and Correction of Vocal Faults (Nashville: 

Broadman, 1982), 57.  



 13 

a zone of activity.  The diaphragm contracts and flattens during breathing, displacing the 

viscera and producing an outward movement of the upper abdominal wall.  This area is 

called the epigastrium.  It is a convergence of the diaphragm and the abdominals, so 

“when both sets of muscles (diaphragm and abdominals) tense, the epigastrium pushes 

forward, and the better the muscular development the more startling the thrust.”
21

  

Tension in the epigastrium coupled with the expanded rib cage provides the necessary 

framework to allow for the requisite antagonism between the muscles of inspiration and 

expiration.
22

  “This state of thoracic and abdominal muscular suspension is sustained 

during phonation in song and is recognized by the tension of epigastrium (area below the 

sternum) and a normal expansion of the thoracic cage.”
23

 

 Now that a basic understanding of breathing and breath management for singing 

has been attained, it is prudent to review some of the written sources on breath 

management since the 1900 containing thoughts on epigastric activity in singing.   

 In a special issue devoted to respiration by the Journal of Voice, Robert White 

(1988) provides a discussion in “On the Teaching of Breathing for the Singing Voice” 

from the perspective of the teacher of voice.  It deals with the specialized language that is 

often used by voice teachers.  For those outside of the field of singing, it helps to explain 

some of the terminology and methods used by the voice teacher.   

The sigh attack must be started with a simultaneous feeling 

of firmness in the mid-lower body muscles.  Some singers 
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describe this as an outward motion, others a tuck or bounce.  

The imagery is endless, but the firmness must be there at 

the very beginning or even in advance of the attack.
24

   

 

Abdominal Activity 

 

 Good posture, pelvic tucking, and firm expanded lower abdominals are methods 

of breathing and abdominal expansion during inhalation.  These are the things that 

Russell Hammar (1979) emphasizes in Singing - An Extension of Speech.  He felt that the 

proper resistance between them allowed for control of the breath.  “This ‘antagonistic 

muscle action’ is really defining the initial stage of good breath management.”
25

 

 Peter Watson, Jeannette Hoit, Robert Lansing, and Thomas Hixon (1989) wrote 

about the variations in abdominal activity throughout the abdomen in “Abdominal 

Muscle Activity During Classical Singing” for the Journal of Voice. 

To begin, abdominal activation during singing is clearly 

regional.  Specifically, the lateral region of the abdomen is 

highly active, whereas the middle region is not.  

Differential activation of the upper and lower portions of 

the lateral abdomen also is characteristic of singing, with 

the most common pattern being characterized by greater 

activation of the lower portion relative to the upper 

portion.
26

   

 

 Abdominal muscular activity during speech was studied by Hoit, Brenda 

Plassman, Lansing, and Hixon (1988) in “Abdominal Muscle Activity During Speech 

Production.”   Their findings in the Journal of Applied Physiology relate to the 
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differences in breath posture when laying flat versus standing up.  They found that 

because the abdominals are more active during loud production, which is akin to singing, 

the same abdominal activity may be present in singing as well.  The activity of the 

abdominals also varies and is generally in the lower portions of the abdominals.
27

  

 

Diaphragm 

 

Mary Girard (1909) considers the diaphragm of primary importance in breath 

management.  She wrote that “the propelling power of the lungs is the diaphragmatic 

muscle . . . [it] naturally takes control – comes to the assistance – of every expulsive 

effort.”
28

  David Clippinger (1910) also focused on the diaphragm as “the most important 

factor in breathing is the diaphragm” in his book, Systematic Voice Training.”
29

  

Rolf Leanderson, Johan Sundberg, and Curt von Euler (1987) studied 

diaphragmatic activity during singing in the Journal of Applied Physiology.  They looked 

at what causes diaphragmatic co-activation, when it is activated, and its influence on 

laryngeal posture and phonation.  The diaphragmatic co-activation that Leanderson, 

Sundberg, and von Euler are referring to is a type of muscular antagonism where the 

diaphragm stays active during exhalation due to the action of another muscle or muscles.  

In the same article in the Journal of Applied Physiology, they provide four additional 

points about diaphragmatic co-activation.   
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1) It is possible to achieve a voluntary co-activation of the 

diaphragm during phonation.  

2) In some subjects the diaphragm is activated in various 

singing tasks requiring rapid reduction of subglottal 

pressure during the first part of the phrase, probably over 

the period when the pressure generated by the passive 

expiratory recoil forces of the breathing system was higher 

than the intended subglottal pressure; in other subjects a 

diaphragmatic activity is applied during the entire phrase to 

reduce an excessive pressure generated by the abdominal 

wall muscles.  

3) Co-activation of the diaphragm during phonation may 

have effects on the voice quality. These effects show 

individual differences.  

4) In most subjects diaphragmatic co-activation tends to 

increase the peak amplitude of the glottogram, suggesting a 

change of phonation mode towards flow phonation. In 

addition, the activation of the diaphragm tends to stabilize 

the vocal tract.
30

  

 

Intercostals 

 

 The activity of the intercostal muscles is central to good breath management for 

Max Heinrich (1910).  In Correct Principles of Classical Singing, he insists that the ribs 

should be held out: “let the student furthermore avoid . . . the gradual sinking of the chest 

bone, the gradual pressing of the ribs against the slowly emptying lungs.”
31

  Pearl 

Wormhoudt (1981) also advocates costal and back breathing for breath management. In 

his book, Building the Voice as an Instrument, he wrote that: 

It lowers the larynx because the breathing muscles and 

larynx are hooked up physiologically.  It continues with the 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
30

 R. Leanderson, J. Sundberg and C. von Euler, “Role of Diaphragmatic Activity During 

Singing: A Study of Transdiaphragmatic Pressures.” Journal of Applied Physiology 62 

(January 1987): 269. 
31

 Max Heinrich, Correct Principles of Classical Singing (Boston: Lothrop, Lee & 

Shepard, 1910), 26.   



 17 

comfortable feeling of torso balance at the end of the 

breath, everything holding together.  It goes on with those 

torso muscles doing the work. . . . ‘Support’ then is 

[produced by these] two things.
32

 

 

The largest group of written statements concerning breath management addressed 

the use of three sets of muscles in the management of the breath:  the diaphragm, the 

abdominals, and the intercostals.  There is variation in how these authors indicate these 

muscles should be used to manage the breath.  They also stressed varying operational 

principles for their methods. 

 

Muscular Antagonism 

 

Muscular antagonism was an important factor for some of the authors that 

espoused these three muscle systems.  Charles Mills (1909) agrees with this theory and 

explains his method for breath management as a coordination of the muscles of inhalation 

resisting the muscles of exhalation.
33

  James McKinney (1982) and Charles Lindsley’s 

(1985) method, found in McKinney’s The Diagnosis and Correction of Vocal Faults, 

follows that of Mill’s; however they put particular stress on the correct action of the 

abdomen.   

McKinney: 

Breath support is a dynamic relationship between the 

breathing-in muscles and the breathing-out muscles. 

Perhaps the best way to gain control of the exhalation 

process is to try to maintain the expansion around the 
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middle of the body--in the upper abdomen, the lower ribs, 

and the back--while the diaphragm slowly begins to release 

its tension.
34

   

Lindsley: 

It is especially significant to condition the abdominal 

muscles to relax sufficiently when you inhale.  If they 

remain tense, the diaphragm cannot move downward far 

enough to draw in a full breath.
35

 

 

In his article “Breathing Behavior During Singing,” Sundberg (1993) discusses 

the antagonism between the internal versus the external intercostals and the abdominals 

versus the diaphragm.  He goes on to discuss breath management strategies of the “up 

and in” and the “down and out” in light of the research found in “Body Type and Speech 

Breathing” by Hoit & Hixon.  In particular, he discusses the technique of the co-

contracting diaphragm, referencing “Respiratory Kinematics in Classical (Opera) 

Singers” by Watson and Hixon, as well as his work with Leanderson and von Euler in the 

“Role of Diaphragmatic Activity During Singing:  A Study of Transdiaphragmatic 

Pressures.”  This method requires the diaphragm to stay active during exhalation to 

sublimate the pressures produced by the co-contracting abdominal wall.
36

   

“In Breathing for Voice Production, Henry Hulbert (1903) wrote about “whole-

chest breathing”, which employs a coordination of the intercostals and the diaphragm 

with the action of the diaphragm in opposition to the abdominals.  He said, “the 

diaphragm, acting in harmony with the abdominal muscles, works from within outwards, 
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and helps the intercostals to enlarge the chest from side to side and from [front to] 

back.”
37

 

Up and In 

 

Several authors discussed their theories concerning what is commonly known as 

the “up and in” method.  One of these is Meribeth Bunch (1982), who advocates 

abdominal-intercostal breathing in his book Dynamics of the Singing Voice.  She stresses 

the inward motion of the abdominals coupled with the resistance “support” of the ribcage.  

She said “contraction of the abdominal wall and resultant support of the chest helps, with 

the diaphragm, to form a stable base or platform.
38

 

Ingo Titze’s method (1986) can be included in this “up and in” group, except that 

he accentuates proper abdominal action throughout the process.  In his article “Some 

Notes on Breath Control in Singing,” he said that teachers “who do not distinguish 

clearly between the inspiratory and expiratory phases may have their students keep the 

abdominals tight all the time
39

  Barbara Sable (1982) is another writer on vocal technique 

that has written about the “up and in” method of breathing.  In her book, The Vocal 

Sound, she states that it is “used partially for breath control and partially for support of 

the entire vocal mechanism . . . The lower two ribs of the thorax expand . . .  [and] 

maintain this outward and upward expansion as long as possible.”
40
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In “Breath, the Power Source for the Voice,” Donald Proctor (1980) states that the 

intercostals are capable of a more refined and precise action than the diaphragm.  He 

expounds further in the same NATS Journal article.
41

   

As the abdominal wall moves inward . . . without any 

awkward appearance or feeling of "squeezing" the chest.  

To accomplish these ends very fine control of [the] 

abdominal muscles [must] be achieved. 

 [The abdominal muscles] should be nearly fully relaxed 

(belly-out) at the end of full inspiration. 
42

   

 

Burton Garlinghouse (1951) emphasizes the action of the low abdominals in the 

“up and in” method.  In his article “Rhythm and Relaxation in Breathing,” he says that a 

“consistent inward and upward pull of the lower abdominal muscles as a part of correct 

singing posture [must] . . . be maintained . . . and that the maintenance of this pull . . . has 

much to do with the efficient functioning of the control mechanism.”
43

   

Down and Out 

 

 William Shakespeare (1924) was one of the few authors whose approach would 

now be labeled the “down and out” method.  In Plain Words on Singing, he clearly 

proscribes his method of breath management without the use of formal physiological 

terms.   

In order to send out the breath, we must oppose the two 

ways of drawing it in by willing (1), a contraction of the 

soft place under the breast bone, and (2) by drawing 
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downwards the ribs and causing the sides and back to 

collapse.
44

   

 

 Anthony Frisell (1964), a proponent of the “down and out” method, had very little 

to say about breath management.  What he did say, in The Tenor Voice, included that the 

abdominals should be held out during exhalation, “when sustaining a tone this outward 

resistance creates a balance of tension between the established breath pressure and the 

stream of air being directed against the vocal cords.
45

 

Epigastric Activity 

 

Some authors indicated a role for the epigastric region or upper abdominal wall in 

their method.  Lilli Lehman (1902), in How to Sing, was specific in describing an 

outward expansion at the base of the ribcage:  “I raise the chest, distend the upper ribs, 

and support them with the lower ones like pillars under them.”
46

  This “support” in “the 

lower ones like pillars under them” is clearly an indication of strong epigastric action.  In 

Full-Throated Ease, the bulge of the epigastric region is key in proper breath 

management for James Lawson (1950).  It serves as an important indicator that the 

diaphragm is active during inhalation.
47

   

William Vennard (1968) keyed in on muscular antagonism in describing his 

method that used the epigastrium in his book, Singing, the Mechanism and the Technique.   
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That is, let the intercostals and the diaphragm resist the 

abdominals so that the exhalation will be so slow and 

steady you will scarcely be aware of it.  This may involve 

some bulging of the epigastrium. . .  The muscular 

antagonism which [the student] must set up in order to 

maintain a stiff epigastrium . . . often enables him to sing a 

considerably longer phrase.
48

 

 

The “lateral rib swing,” according to Margaret Greene (1977), is the way breath 

should be managed.  In The Voice and Its Disorders, she is specific to indicate that the 

“regulation” of breath management is achieved by the “upper abdominal muscles in the 

area above the umbilicus while the lower region of the abdominal wall remains passive 

but supporting the abdominal organs.”
49

  For John Lester (1957), the control and balance 

of breath management is near the epigastrium or farther down in the abdomen.  In the 

article “Breathing in Relation to Phonation,” he also calls for “emotional stimulus” as a 

method of activating this area for breath management.
50

 

Muscular suspension set up by the abdominals working against the intercostals is 

how Dudley Appleman (1967) taught breath management. He expands upon methods in 

The Science of Vocal Pedagogy: Theory and Application.   

Mechanically speaking, the direct downward pull on the 

thoracic cage by the antagonist muscles of inspiration firms 

the skeletal walls of the thorax.  The inward pressure of the 

anterioabdominal muscular forces the viscera and the 

diaphragm upward.  This action applies a steady 

uninterrupted flow of breath pressure against the vocal 

folds.   . . . This state of thoracic and abdominal muscular 

suspension is sustained during phonation in song and is 
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recognized by the tension of epigastrium (area below the 

sternum) and a normal expansion of the thoracic cage.
51

 

 

Richard Alderson (1979) defines breath management in terms of release and 

tension.  He focuses on the abdomen, the rib cage and the lower back to manage the 

breath.  However, in Complete Handbook of Voice Training, he indicates that “pressure is 

created in the thorax which pushes in every direction.  “The stronger the muscular 

tensions, the stronger the support.  If the intercostals hold the rib cage firm, the 

epigastrium may control the diaphragm better.”
52

 

 According to Edward Dwyer (1967) in his article “Concepts of Breathing for 

Singing,” the major force that controls inhalation is the diaphragm and the force that 

controls exhalation is the abdominals, with the abdominals being the most important 

factor in creating air pressure.  

. . . .  in some pedagogies, contraction of the abdomen is 

associated with a thrust of the epigastrium.  It is really the 

contraction of both muscles [rectus abdominis and the 

diaphragm] that causes the outward motion of the 

epigastrium.
53

   

 

 In You, The Singer, Barbara Harlow (1986) insists that "the principal muscle 

involved in breathing is the diaphragm . . . if the epigastrium is held firm, the chest will 

be aided in its mission of remaining high . . . and the other abdominal muscles that are 
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needed . . . will be influenced by the epigastrium and they will lend their support.
54

  

Whereas, Lee Hardy (1958) teaches that a combination of abdominal and intercostal 

breathing provides steadiness and control.  In his article, “The Physiology of Breathing,” 

he warns that too much importance can be placed on epigastric activity, since it does not 

necessarily confirm proper breath flow.
55

   

 In her NATS Journal article, Helen Swank (1984)investigated seven verbal 

directives associated with breath management.  Singers were told to do certain breath 

related directives and then the sound was measured to determine if there were any 

changes.  The two most effective directives were: 

Directive #1:  Verbalization:  “Sing through the line to end 

of the count, just as you would sing through the phrase of a 

song.” 

Directive #7:  Verbalization:  “Following inhalation, press 

against the sternum with 2 fingers at the xiphoid process 

(lowest part of the sternum) and keep the rib cage 

responding to the pressure there throughout the sustained 

tone.  Be conscious of the expansion of the ribs at the sides 

as you press with your fingers.”
56

   

 

She explained that a “firming of the epigastrium against the pressure of the hand was 

ranked highest in the area of stability of fundamental [pitch].”
57
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L’Appoggio 

 

 L’appoggio, meaning “the lean,” was first coined by Giovanni Lamperti (1905) in 

The Technics of Bel Canto to label the Old Italian method of breath management.
58

  Like 

many of the pedagogues of the time, he does not give specifics as to how l’appoggio is to 

be accomplished.  However, the connotation is to “lean” or to avoid the collapse of what 

would seem to be the abdomen and/or the thorax.  Indeed, epigastric activity would work 

quite well in helping to maintain the expansion of the thorax and/or abdominals.  The 

appoggio method may be one of the most difficult to master.   

 A more holistic method is stressed by Frank Miller (1910) to achieve a balance 

that produces breath management.  In The Voice: Its Production, Care and Preservation, 

he teaches the use of diaphragmatic-intercostal-abdominal breathing to which he adds 

clavicular breathing.  

For only one method is correct and that really is a 

combination of all three.  These three are called, 

respectively, clavicular, abdominal or diaphragmatic, and 

costal . . . the correct method combines the three - adds to 

the inflation of the central and upper parts of the lungs 

accomplished by costal breathing, the inflation of the lower 

part accomplished in diaphragmatic breathing and of the 

extreme upper part accomplished in clavicular breathing.
59

 

 

 Of all of the types of breathing that Richard Miller (1977) has researched and 

written about, he emphasizes the Italian technique of appoggio for breath management.  
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This concept embraces a total body interaction and balance to produce breath 

management.  He feels that it is the most conducive to proper singing.   

In the concept of appoggio there is no pressing outward 

against the viscera upon inhalation, no pushing downward 

with the abdomen proper, no pushing downward upon the 

viscera during the singing of a sustained phrase.  During 

singing, muscles of the buttocks do not rigidly contract, the 

pelvis is not tilted, and no muscular tension is placed in the 

legs.  Further, there is no sense of great expansion in the 

pectoral area, although the pectorals and the neck muscles 

form part of the supporting framework, which results from 

the relatively high sternal position.  Muscular balance 

throughout the body is the aim. . . . The muscular balance 

of the appoggio posture permits the singer to utilize the 

amount of breath necessary to the demands of the phrase, 

while retaining a sense of continuing breath resources.  

Breathing in and singing out seem not to be opposing 

actions.
60

 

 

 Craig Timberlake (1994) reviews the contributions of Sundberg, R. Miller, 

Lamperti, and other revered masters of the old Italian school of singing to contribute to 

the understanding of what is called the appoggio technique of breath management.  Many 

of the quotes from the early Italian vocal masters add clarity to the actual production of 

appoggio, whereas some are vague.  He shows our attempts in the present day to grasp an 

old and much revered method of singing.
61

  

Theoretical Studies 

 

Theoretical study has led some voice scientists to advocate the use of the 

abdominals and the intercostals.  Leon Thurman and Graham Welch (2000) wrote, “the 
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primary source of driving force in active exhalation is the muscles of the abdominal wall 

and the rib cage” in Bodymind & Voice: Foundations of Voice Education.
62

  Jeannette 

Hoit’s (1995) investigations have provided empirical data showing the differences in 

chest and abdominal wall activity during speech.  She has determined that an expanded 

chest is more effective for speech and singing.  In “Influence of Body Position on 

Breathing and Its Implications for the Evaluation and Treatment of Speech and Voice 

Disorders,” she states that this indicates that the “up and in method” is more effective for 

breath management, as well.   

Abdominal pressure enlarges the rib cage via two potential 

mechanisms.  First, abdominal pressure acts directly on the 

inner surface of the lower rib cage through the zone of 

apposition [epigastrium]. . .  

Second, as abdominal pressure increases, it forces the 

central tendon to be displaced rostrally, which, in turn 

causes the costal fibers of the diaphragm to pull the rib 

cage upward and outward in the inspiratory direction.   

The advantage of an expanded rib cage for speaking is that 

the rib cage muscles are elongated and their capacity for 

generating rapid pressure change is improved.  An 

expanded rib cage also is advantageous for classical 

singing, . . . 
63

 

 

Another study by C. William Thorpe, Stephen Cala, Janice Chapman, and Pamela 

Davis (2001), showed how the influence of the directive to project the voice affected the 

position and function of the abdominals and the intercostals.   

. . .  the condition of greater projection resulted in a larger 

rib cage, particularly in the lateral dimensions, but only a 
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small decrease in the abdominal lateral dimension, 

suggesting that the greater abdominal support required for a 

larger projection is obtained by increased activation of 

abdominal muscles acting medially.
64

 

 

In their article “Respiratory Kinematics in Classical (Opera) Singers,” Peter 

Watson and Thomas Hixon (1985) measured the changes in the diameter of the rib cage 

and the abdomen during respiratory activities.  From their research they found that the 

abdominals function primarily for inspiration, whereas the rib cage mainly functions 

during exhalation.
65

  Their data suggested that all the participants used the down-and-out 

method.  

 An investigation into the differences between supported and unsupported singing 

was done by Barbara Griffin, Peak Woo, Raymond Colton, Janina Casper, and David 

Brewer (1995).  Their Journal of Voice article confirms that there is a quantifiable 

difference between the supported and unsupported tone.  These variables include:  SPL 

(sound pressure level), peak flow, Ps (subglottal pressure), changes in glottal and/or 

laryngeal configuration and sex related differences.
66

  

 An overview of seven studies that explored muscular patterns and muscle 

activation levels during singing was presented by Viggo Pettersen (2005).  One particular 
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quote from Folia Phoniatrica et Logopaedica regarding the interactions of several 

muscle groups during singing is pertinent to our examination.   

However, it seems fair to conclude that the manner in 

which inhalatory STM [sternocleidomastoideus]/SC 

[scalenes] and upper external intercostals interact with the 

exhalatory TR [trapezius] and upper internal intercostals in 

controlling movement of upper TX [thorax] is similar to the 

way in which the lower external intercostals and diaphragm 

interact with lower internal intercostals and abdominal 

muscles in controlling the lower TX [thorax].
67

   

 

This is talking about muscular antagonism and comparing how the upper chest has its two 

antagonist forces, just like the lower thorax and abdomen.  What is important here is that 

the lower external intercostals and diaphragm are paired as forces that expand and 

produce inhalation, whereas the lower internal intercostals and abdominal muscles are 

paired as forces that collapse and produce exhalation.  The antagonism of these two 

forces is how breath is managed for singing.  

One Focal Point 

 

 William Leyerle (1986) took a liberal approach to breath management that 

included most methods and muscular activity.  He showed that did not believe in the use 

of one exclusive type in his book Vocal Development Through Organic Imagery.   

We have seen that the ‘supported tone’ manifests itself in a 

variety of ways, including emphasis on back-breathing, 

epigastrium support (le point d'appui), beltline support, 

and/or pubic bone support.  All these varieties of support 
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may be experienced by a given individual, depending on 

the demands of the performance.
68

   

 

Body Type 

 

 In Your Voice: An Inside View, Scott McCoy (2004) writes that there are two 

primary patterns for achieving breath management for singing.  

Some singers fall into the down-and-out category.  In this 

method, which can be a component of either abdominal or 

appoggio breathing, active abdominal distension is 

maintained during exhalation, often accompanied by a 

relaxed or depressed thorax.  Other singers are of the up-

and-in persuasion, strongly contracting the abdominal wall 

during exhalation to direct the viscera inward and upward 

under the diaphragm while maintaining constant thoracic 

elevation and expansion.
69

   

 

A study by Hoit and Hixon (1986), reported in their article “Body Type and 

Speech Breathing,” showed that body type could be an indicator of the preferred method 

of breath management.  It corroborates the statement by McCoy that the down-and-out 

method is often better suited to those of a more robust physical make-up, while slender 

bodies respond better to the up-and-in model.
70

   

Subjects rated high in relative fatness breathed deeper, 

slower, and with a greater chest wall deformation from 

relaxation than did other subjects.  . . .  Subjects rated high 

in relative fatness demonstrated substantial abdomen 

contributions to lung volume change, large abdomen 

excursions, frequent rib cage paradoxing, and marked chest 

wall deformations from relaxation. By contrast, subjects 

rated high in relative linearity demonstrated large rib cage 

contributions to lung volume change, small abdomen 
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excursions, and slight chest wall deformations from 

relaxation. Subjects rated high in relative musculoskeletal 

development generally represented a mixture of 

characteristics of the other two subject groups.
71

 

 

 According to R. Miller (1991), the location of the abdominal expansion depends 

on the length of the individual’s ribcage.  He stresses that the teacher must make sure 

they look for this expansion in the proper location, depending on the individual body type 

and sex.    

. . . there is [the] danger that [a] teacher may look for 

muscular expansion too high or too low in the student’s 

body. . . . females have longer ribcages then do males.  

They tend to have less space between the bottom of the 

cage and the top of the hip than do males.  Because the 

female ribcage may be lower, action occurs low in the 

torso.
72

 

 

 McCoy (2005) did a study for Folia Phoniatrica et Logopaedica to see if there are 

any tangible gender differences in how breath management is accomplished.  He found 

that men tended to breathe differently than did women.   

Females were found to concentrate breath efforts lower in 

the body than did men (hypogastric vs. epigastric regions).  

Both groups relied heavily on low thoracic activity to 

provide an antagonistic mechanism for control.
73
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Miscellaneous 

 

 In the Science of Singing, Sundberg’s (1987) research leads him to believe that it 

does not matter how a singer chooses to breathe. 

The muscle group responsible for generating the subglottic 

pressure could not possibly affect the functioning of the 

vocal folds, and therefore the choice of muscles used in 

order to generate the pressure should not affect phonation.
74

 

. . . the way in which the subglottic pressure is controlled 

by the respiratory muscle system may generate reflexes that 

affect the activity in the laryngeal musculature.  

However, it is still possible that certain methods of 

inhalation performed for the purpose of phonation tend to 

be associated with a particular posturing of the larynx.
75

 

 

 In “Breathing,” an article in the Journal of Singing, Paul Kiesgen (2005) 

compares breath management techniques, definitions of terms, and an explanation of 

vocal concepts.  It is geared to those who have little experience reading pedagogical 

materials.  He covers support, the diaphragm, the intercostals muscles, appoggio, lutte 

vocale, and the application of breath management techniques.
76

  Some of these methods 

would allow for epigastric activity, however, he makes no mention of the epigastrium.   

 In an article in the NATS Journal, Donald Freed (1994) examines breath 

management terminology at the beginning and the end of the 20
th

 century and then 

compares them with current trends.  His goal in doing this research is to illuminate the 

problem of conflicting terminology in the teaching and study of singing.  He calls for the 
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teacher to administer a learning style inventory of how each student gains knowledge, 

and to try using some of the terminology to which a new student may have been 

previously exposed.  These two things would facilitate learning and understanding for the 

student.
77

  

 In a joint article in the Journal of Singing, Jan Douglas and Joan Patenaude-

Yarnell (2005) join forces to answer the question, “should there be a difference in 

teaching breathing and breath management techniques for male and female voices?”  

Douglas discusses posture and maintaining expansion without tensing the body.  

Patenaude-Yarnell discusses the use of the appoggiare technique and the four elements of 

the singer’s breath (inhalation, suspension, phonation, and release of tone).  She believes 

from her experience that there should be no difference in how breathing is taught to men 

versus women.
78

  

Vague or Confusing Statements 

 

Several writers addressed the various muscle groups, but were vague as to how 

their method functioned.  1) Mary James (1903) emphasizes the action of the abdominals, 

intercostals, and the diaphragm for breath management in his book, Scientific Tone 

Production.  However, she did not proscribe an exact method:  “The pupil soon learns 

that the smallest amount of breath is controlled by the diaphragm and the intercostal 
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muscles, assisted by the abdominal muscles.”
79

  2) Norman Punt (1979) taught that the 

release of the breath is by the abdominals and chest with a relaxation of the diaphragm.  

In The Singer's and Actor's Throat, he said that the “release of breath during production 

of a phrase is controlled by muscles of the walls of the abdomen and chest, the diaphragm 

being in relaxation.”
80

  3) In Steps to Singing for Voice Classes, Royal Stanton (1983) 

said that “diaphragmatic-costal breathing. . . . [the] diaphragm [with] its up-and-down 

motion supplies the impetus to the bottom of the breathing system.  Costal . . .  form[s] a 

web that works together with the diaphragm to control intake and outflow of air in the 

lungs.”
81

  5) In “The Air We Sing With,” Edward Molitore (1947) writes about the action 

of the diaphragm, intercostals and abdominals during breathing and breath management 

for singing.  In particular, he states that “the only support that the air in the lungs can 

have from below, is the support which the abdominal walls and the lower ribs can give to 

the viscera.”
82

  6) “In The Body and Breath Under Artistic Control, it is evident that 

“correct tension” was important to Louis Russell (1904) for the “development of the 

muscles of the waist and lower walls of the thorax.”
83

  7) Victor Fields (1977) also spoke 

of a slow emission of breath through relaxation that was achieved by a coordination of 

the muscles of inhalation and exhalation.  In Foundations of the Singer's Art, he wrote 

that “the following rule is useful: gradually relax all inspiratory muscles at the instant 
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voice begins.
84

  8) In Expression in Singing, John Howard (1904) was an advocate of the 

flattened abdomen for breath management, as well as being against the expanding of the 

chest.”
85

  This appears contradictory, because if the abdomen and the chest do not 

expand, how is the singer to inhale?  Furthermore, if nothing expands there would be no 

region to provide breath management.  9) Mathilde Marchesi (1903) indicated in A 

Theoretical and Practical Method of Singing, that the diaphragm and abdomen are 

primary in “the freedom of the normal movements of the vocal organs and of the muscles 

which govern.”
86

  These brief statements give minimal specifics on exactly what should 

happen physically.   

 During this examination of some of the literature on breath management since 

1900, some of the methods were analyzed to see if EA could be a viable part of them.  Of 

the various methods investigated, epigastric activity was not practical if the abdominal 

muscles are held out during singing and the rib cage collapses (the down-and-out 

method).  However, it is a viable possibility if the abdominals contract during exhalation 

and the rib cage does not collapse (the up-and-in method).  Most breath management 

methods fall into one of these two camps.   

 As much as has been learned about the mechanics of breath management, there 

continues to be no consensus as to the best method or methods for breath management.  

With the increased data around breath management it has only produced more questions 
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than it has provided answers.  There is great need for clearer information and more 

research to assist the teacher and student of vocal arts.   
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Chapter 2:  A NEW PERSPECTIVE ON THE PHYSIOLOGY OF BREATHING 

 

Although previous authors have covered the topic of the physiology of breathing, 

a new perspective of what every voice teacher and what every singer needs to know 

about breathing will be presented.  The act of respiration is a function of the body’s 

pulmonary system of the body, which includes the heart, circulatory system, and lungs.  

Air is drawn into the body via the lungs, where oxygen is exchanged with carbon dioxide.  

The arteries and veins carry this oxygen rich blood, while the heart continuously returns 

the blood to the lungs to repeat this process throughout our lives.
1
  This is, of course, a 

grossly over-simplified description of the workings of the extremely complex human 

pulmonary system.  The specific topic of breathing for singing is a far more intricate 

focus of respiration.   

 It is important for both the teacher and the student of voice to have a thorough 

knowledge and understanding of the physiology of breathing for singing.  However, the 

degree and the complexity of this information for the student need not be as great as for 

the teacher.  This is partly due to the fact that the novice student can only grasp and try to 

master the basics of voice.  If too much attention is given to every small detail, the 

teacher risks overloading the student with knowledge and experience for which they are 

not yet ready, which is counterproductive.
2
  However, the teacher must be thoroughly 

versed in the complexities of breathing in order to teach and detect proper versus 

                                                

1
 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 83.   

2
 William Vennard, Singing, the Mechanism and the Technique, 5

th
 ed. (New York: Carl 

Fischer, 1968), 19-20.   



 38 

improper breathing technique.  The type and quality of the sound the voice student will 

produce is directly related to the teacher’s understanding of these complexities.
3
  

Therefore, the teacher must have the knowledge and mastery of breathing techniques to 

direct the student in a method that is suitable for their individual needs.  For this reason, 

the scope of this discussion of the physiology of breathing will focus not only on what 

every teacher needs to know about breathing, but also on 

what every student singer needs to know.   

 

Posture 

 

 Posture is fundamental and introductory to the 

teaching of breathing for singing.  William Vennard said, 

"Before trying to play any instrument one should learn how 

to hold it.”
4
  For singing, this means aligning the body to 

allow for efficient, natural, fluent motion.  “The head, chest, 

and pelvis should be supported by the spine in such a way 

that they align themselves one under the other-head erect, 

chest high, pelvis tipped so that the ‘tail is tucked in.”
5
  For 

the teacher of voice, it is important to 
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realize that postural faults will effect more than just breathing.  One example is the jaw is 

able to move more freely when the head is properly erect.  A high chest placement helps 

the rib cage to expand and contract, as well.  Furthermore, the vocal tract and neck are 

free from tension when the singer’s shoulders are relaxed, down, and back.  Lastly, when 

the chest is lifted, the abdominal region expands maximally and prevents the abdominal 

muscles from sagging.   

 In The Diagnosis and Correction of Vocal Faults, James McKinney relegates 

problems with posture into two categories:  “alignment faults” and “tension faults.”
6
  

Alignment faults can easily be noted by the observations of the teacher if the head, 

shoulders, chest, abdomen, buttocks, curve of the back, hips, knees, or feet are out-of-

place.  They are quite simple to correct because the student can also detect them with the 

assistance of a mirror.  According to McKinney, alignment problems often lead to tension 

faults.  To understand what a tension fault is in order to resolve it, the teacher must know 

that no muscle works alone.  All but two muscles in the body are paired and work in 

contrary motion and direction to each other.  This not only allows for motion in both 

directions but also to “stabilize some part of the body so that it may function more 

effectively.”
7
  Muscles must also be allowed a moment to routinely relax to work 

efficiently.  When tension faults occur, the muscles cannot relax, so they will first begin 

to tremble and then shake.  Next, the muscles will spasm, and finally, they will stop 

working and fail.  It is necessary for the teacher to know that there are two “visual clues 
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to tensional faults of posture: (1) some form of trembling, quivering, or shaking; and (2) 

rigidity.”
8
  Rigidity can be the more difficult of these to resolve for the teacher, but “the 

best remedy for this problem is movement.”
9
  Therefore, alignment and tension faults are 

easily corrected when they are brought to our visual attention.   

 

The Framework Of The Body 

 

 The physiology of the skeletal system 

provides the framework for the body and the structure 

that allows the muscles to function.  This system 

affects the process of inhalation, since the axial 

skeleton houses the regions of the thorax and the 

pelvis for breathing.  The spinal column connects the 

thorax or ribcage, pelvis, and the shoulders (that are 

made up of the clavicle and scapula).  A more in 

depth knowledge of the spine would include the 

twenty-four individual segments called vertebrae.  The bottom five are called the lumbar 

vertebrae, they carry most of the weight of the upper body, and so they are the largest and 

thickest bones in the spine.
10

  The thoracic vertebrae are made up of the next twelve 
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segments of the spine.
11

  They are smaller than the lumbar vertebrae and have flat areas 

called facets that attach and articulate to ribs.
12

  The seven upmost vertebrae of the spine 

are called the cervical vertebrae, which support the skull.   

 The pelvis is the foundation upon which the spinal column rests.  The teacher 

should know that it is comprised of the sacrum upon which the spine sits, below which is 

the tailbone or coccyx.
13

  The sacrum joins a group of bones called the ilium, pubis, and 

ischium, which creates the pelvis and serves as a girdle for the abdomen contents.
14

   

 The rib cage or thorax contains the lungs and heart.  It is made up of twelve pairs 

of ribs with a posterior connection to the spine.  They connect to the anterior breastbone 

or sternum via cartilage.  Some of the muscles of the abdomen attach to the bottom of the 

sternum.  The ribcage is not rigid, but is capable of motion that allows it to expand and 

decrease in size.  This permits each person to inhale and exhale.  The teacher should also 

know that: 

(1) The sternum (breastbone) forms the front of the thoracic 

cage.  Its top supports and articulates with the clavicles.  

Laterally, it is attached to and articulates with the costal 

cartilage of ribs one to seven.  At the base of the sternum is 

the xiphoid process, a cartilaginous appendage that serves 

as a point of attachment for the abdominal musculature.   

(2) Twelve ribs on each side articulate with the sternum in 

front by means of the costal cartilage, and articulate at the 

thoracic vertebra by means of movable facets that are 

stabilized by ligaments.  The eleventh and twelfth ribs, 

which are not attached to the sternum, are called ‘floating’ 

ribs.  
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(3) The thoracic vertebrae form the posterior wall of the 

thorax.
15

   

 

The Musculature 

 

 The next element in the function of breathing for singing involves the muscles 

and the ligaments.  The diaphragm, the intercostals, and the abdominals are the primary 

muscles for breathing.  They divide into two groups, those that produce inhalation and 

those that produce exhalation.   

 The primary muscle of inhalation is the diaphragm.  It is a dome-shaped muscle 

that divides the thorax from the abdomen.  It makes a three hundred sixty degree 

connection from the base of the rib cage and sternum and lumbar spine cutting the body 

in half horizontally.  When it contracts, it drops and flattens, like the motion of a plunger.  

This produces a vacuum that helps to draw air into the lungs.  This flattening of the 

diaphragm also pushes out on the base of the rib cage and causes the belly to expand.  It 

does not have a paired muscle to move it back up, so as it relaxes it relies upon the 

muscles of the abdomen to accomplish this.
16

  Additional information that the teacher 

needs to know includes: 

Contraction of all of the muscular fibers of the diaphragm 

draws the posterior part of the central tendon downward 

and forward, compressing the abdominal viscera.  This 

action of lowering the floor of the thorax causes an increase 

in the vertical dimension of the pleural cavity and a sudden 

decrease in atmospheric pressure within the lungs; outside 
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air then rushes in.  Contraction of the vertical muscular 

fibers of the diaphragm, that is, those fibers inserted into 

the costal margins, moves the lower border of the rib cage 

outward and upward.  This action increases the transverse 

diameter of the thorax.  If the ribs are held fixed in any 

way, contraction and relaxation will result only in an 

upward or downward movement of the dome.
17

  

 The diaphragm is assisted in the inhalation process by the external intercostal 

muscles.  These muscles pull the ribcage up and expand it upon contraction.  A more 

detailed explanation of the external intercostals includes:   

They are called external muscles not because they are on 

the exterior of the thorax, but because they are the 

outermost layer of muscles on the inside of the thorax.  

Each external intercostal originates from the rib above and 

inserts into the rib below.  On contraction, the lower rib is 
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drawn upward and outward in a swinging motion.  As a 

result, the entire thorax is lifted and expanded somewhat in 

diameter.
18

   

 

 In summary it is imperative that both the teacher and the student understand the 

action of the muscles of inhalation and how they coordinate to achieve this action for 

proper singing.  The primary muscle for bringing air into the body, the diaphragm, is 

assisted by the external rib (intercostal) muscles and by the relaxation of the upper 

abdomen.
19

  For the voice teacher, the following information about this coordinated 

action is valuable.   

When breathing becomes more labored due to strenuous 

exertion, various other muscles of the shoulders, back, and 

chest are brought into action; since singing does not 

demand this level of physical activity, these muscles will 

not be considered here.
20

 

 

 There are two primary muscles that are associated with the action of inhalation:  

the internal intercostals and the abdominal group.  The internal intercostal muscles are 

part of the thorax and pull the ribcage down and collapse it upon contraction.  They are 

the paired opposite to the external intercostals as part of the concept of muscular 

antagonism.  The following is a more detailed explanation of the internal intercostals:   

The internal intercostal muscles are found on the inside of 

the ribcage underneath the external intercostals.  Their 

fibers run obliquely away from the midline of the body, 

crisscrossing their external neighbors and thereby acting as 

direct antagonists.  Upon contraction, the higher rib is 

pulled down and inward toward the lower rib, depressing 
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the ribcage and decreasing its circumference.  Intercostals 

are voluntary muscles, whose control can be learned 

through the deliberate squeezing of the chest/thorax.
21

 

 

The next groups of 

muscles that are vital to 

exhalation are the four sets of 

abdominal muscles.  For the 

student of voice it is enough to 

understand the following three 

concepts:  (1) the abdominal 

muscles make-up the 

abdominal wall; (2) the action 

of the abdominals contract and 

pull the abdomen in during 

exhalation; and (3) this group 

of muscles then work in 

opposition to the action of the 

diaphragm, helping it ascend to 

its previous position.  However, for the teacher of voice, a much more detailed 

understanding of their function is required, including: 
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Figure 2.4. Intercostal and Abdominal Muscles. Richard 

Miller, The Structure of Singing: System and Art in Vocal 

Technique (New York: Schirmer, 1986), 27. 
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The rectus 

abdominis 

runs straight 

up and 

down (that 

is the 

meaning of 

rectus) the 

middle of 

the 

abdomen, 

from the 

pubic bone 

to the 

cartilages of 

the fifth, 

sixth, and 

seventh ribs.  

. . . each 

rectus 

abdominis is really 

four flat muscles 

joined by tendon to 

each other and the 

top part attaches to the ribs and the bottom to the pubis.  

The outer layer of these muscles is called obliquus 

abdominis externus and its fibers run in the same direction 

as those of intercostales externus.  The layer below, 

obliquus abdominis internus, has its fibers in the opposite 

diagonal like the intercostales internus.  Still deeper is a 

third layer, transversus abdominis, whose fibres run 

horizontally.  . . . muscles of the pelvic outlet must tighten 

in order that the pressure created by the abdominal muscles 

be directed upward for exhalation.  Another such muscle is 

quadratus lumborum (quadrangular muscle in the lumbar 

region) which extends from the ilium near the spine and 

attaches to the lowest rib, and also joins the transverse 

processes of the lumbar vertebrae . . .  it also serves to 

anchor the lower ribs for the diaphragm . . .  [and] may be 

counted as expiratory.
22
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 As with inhalation, there is a coordinated action of the muscles that produce 

exhalation.  Both the teacher and the student of voice need to understand the following 

process: 

Getting air back out of the body is a somewhat more 

complicated process than bringing it in.  There are several 

factors involved: (1) the diaphragm relaxes; (2) the lungs 

are elastic and tend to return to their original shape and 

location when the diaphragm quits pushing against and 

compressing them; (4) the internal rib muscles and the 

abdominal muscles assist in the expulsion of air.  The role 

of the internal rib and abdominal muscles becomes more 

prominent as the level of exertion increases.
23

   

 

The Lungs 

 

 The lungs are the final piece of the breathing physiology.  They are the organs 

that allows for breathing and the exchange of oxygen with carbon dioxide in the blood.  

The trachea splits into the bronchial tubes and branches out into the five lobes of the 

lungs.  It is something like an inverted tree with a trunk that splits into branches, which 

then flow into the foliage mass, or alveoli.  The lungs are elastic and are connected to the 

rib cage at the sides and the diaphragm at the bottom.  The lungs stretch and expand by 

either the action of expanding the rib cage or the descending diaphragm.  This creates a 

vacuum and air is drawn into the lungs producing inhalation.  The opposite action forces 

the air out for exhalation.  A more precise description of the lungs is required for the 

teacher as follows:   
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The pleurae are two 

closed, independent 

sacs, each of which 

encloses an organ of 

respiration, a lung.  

Each lung is attached to 

the middle 

mediastinum by its 

root, but possesses 

considerable elasticity, 

and is capable of 

movement; an elastic 

property is 

characteristic of tissues 

of the lung and thorax . 

. .  The lung adapts 

itself to the wall of the 

chest cavity.  Although 

the lungs are the most 

important organs of 

respiration, their movement 

is dependent on the action 

of the musculature around 

them.  Lung volume is governed by the total action of the 

thoracic cage in which the lungs are housed.  The bronchi, 

right and left, arise from the bottom of the trachea, divided 

repeatedly, with ramifications becoming thinner and 

smaller.  Camroe and associates describe the reaction of the 

tracheobronchial system during inspiration:  ‘If air is to 

flow into the alveoli [the smallest air cavities or cells in the 

lung] the alveolar pressure must be less than the 

atmospheric during inspiration.  Active contraction of the 

inspiratory muscles enlarges the thorax and further lowers 

intrathoracic pressure (normally subatmospheric, because 

the elastic lung tends to recoil inward, away from the 

thoracic cage).  The decrease in intrathoracic pressure 

enlarges the alveoli, expands the alveolar gas and lowers 

the total alveolar gas pressure to less than atmospheric so 

that air flows into the alveoli.’
24
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 This examination of breathing physiology would not be complete without a few 

words on the sensory input (or the sense of touch) that is received during the act of 

respiration. People are generally unaware of the many processes of their bodies.  When 

they breathe, most people cannot feel the diaphragm, the intercostals, or the abdominals.  

However, they are aware of the movement of the viscera as the diaphragm displaces the 

rising or lowering of the rib cage by the intercostals or the expansion or contraction of the 

belly by the abdominals.  The fact that there is limited sensory input from the act of 

breathing may be the reason why learning to breathe properly for singing can be so 

difficult.  

 

The Epigastrium 

 

So, where is the epigastrium located in the breathing physiology?  The 

epigastrium is just below the sternum, at the top of the abdominal wall.
25

  It is neither a 

muscle nor an organ, but a zone of activity.  During breathing the diaphragm contracts 

and flattens, displacing the viscera and producing an outward movement of the upper 

abdominal wall.  When the diaphragm and the abdominals converge “both sets of 

muscles (diaphragm and abdominals) tense, the epigastrium pushes forward.”
26

   

                                                

25
 James McKinney, The Diagnosis and Correction of Vocal Faults (Nashville: 
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26
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 This 

review of the 

physiology of 

breathing for 

singing has 

examined the 

skeletal 

framework, the 

muscles of 

motion, and the 

actual organ for 

respiration - the 

lungs.  For each element has been divided between what the singer needs to know and 

what the teacher of voice should know.  This division of knowledge has to do with 

facilitating the teacher’s ability to determine the most efficient and productive mode of 

breathing for singing.  It is also about allowing the student of voice the opportunity to 

focus on the vocal instrument as a whole, rather than risking over-focusing on any one 

area and becoming stymied.   

 How does this relate to the study of the role of breath management in singing?  

Knowledge of the structure and function of the body affords the singer a better 

understanding of how the different methods of breath management actually work.  It is 

indispensible for the teacher in determining what approach will yield the best results for 

Figure 2.7. The Epigastrium. William Vennard, Singing, the 

Mechanism and the Technique, 5
th

 ed. (New York: Carl Fischer, 

1968), 31. 
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the student.  Knowing the basic functioning of the respiratory system will then allow the 

student to successfully apply the method he or she has been taught.  The teacher and 

student will then be able to judge the success and efficacy of the particular method 

through an understanding of what has taken place to produce it.   
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Chapter 3:  THE INFLUENCE OF BREATH MANAGEMENT ON PHONATION 

 

 The manner in which the breath is managed (air is compressed) for singing 

essentially determines the type of sound that will be produced.  The factors that interact 

to produce sound, or phonation, include subglottal pressure, the vocal folds, the 

musculature of the larynx, and the complex functions that govern their dynamic motion, 

structure and interaction.  It is because of the influence of breath management on 

phonation that these elements must be discussed 

here as part of the study of the role of the 

epigastrium in breath management.   

 

The Physiology of the Larynx 

 

 The larynx, also referred to as the voice 

box, is a composite structure made up of several 

different bodies of cartilage, the largest being the 

thyroid cartilage.
1
  Within the framework of the 

thyroid cartilage are the vocal folds.  The vocal folds 

are two bands of muscle at the top of the trachea that open and close the airway.
2
  Their 

primary function is to close the airway and keep food from entering the lungs, as well as 
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Figure 3.1.  The Larynx. Scott 

McCoy, Your Voice: An Inside 

View (Princeton: Inside View 

Press, 2004), 107.  
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to assist the body in producing pressure within the abdomen for defecating, lifting, etc.
3
  

A secondary function of the vocal folds is to produce sound.
4
 

 The functioning of the vocal folds to produce sound is complicated.  It involves 

the interaction of air and the action of muscles to produce sound, referred to as 

phonation.
5
  The dynamic opening between the vocal folds is called the glottis.

6
  

Phonation can be understood if it is broken into several steps.  First, air is compressed 

though one of the methods of breath management by the resistance of the glottis.  The 

glottis is closed, or adducted, by the lateral cricoarytenoid and the interarytenoid muscles.  

Once subglottal pressure is sufficient to open the glottis, phonation can begin.  The 

oscillating pattern that opens and closed the vocal folds is quite intricate.  The actions of 

the muscles combined with the flow of air (from the lungs) are both required to start and 

maintain the oscillating action of phonation.
7
  The cycles per second (cps) that the glottis 

opens and closes determines the frequency of the sound wave.  Pitch is the label that we 

give to the different frequencies of sound.   

 Scientists have yet to determine the exact method that allows the vocal folds to 

phonate.  The prevailing theory to explain vocal fold function is the theory of 
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mucoviscoelastic-aerodymanics.
8
  By defining mucoviscoelastic-aerodymanics, one can 

better understand how the theory describes the function of the vocal folds during singing.  

First, the slipping and oscillating action of the covering of the vocal folds is described by 

“mucovisco.”  Second, there is a closing action (adduction) in the muscles of the folds 

that is expressed by “elastic.”  Finally, the Bernoulli principle that governs the pressure 

and speed of the air is defined by “aerodynamics.”  This is the same principle that 

explains how an airplane is able to fly.  The steps in the entire cycle of the opening and 

closing of the glottis as described by the theory of mucoviscoelastic-aerodymanics are as 

follows:
9
   

1. Vocal folds close by the action of the muscles of adduction; 

2. Air pressure builds-up under the vocal folds; 

3. The glottis begins to open due to the air pressure (it opens  

 from the underside first because of the ability of the  

 covering to move separately from the body of the muscle);  

4. The glottis continues to open until air escapes; 

5. As air escapes, its velocity increases as its pressure drops  

(Bernoulli Effect); 

6. Reduced pressure of the flowing air cannot keep the glottis  

 open, therefore the lower air pressure begins to suck the  

 vocal folds together;   

7. The glottis closes again, from bottom to top; 

8. Once completely closed the process begins again.   

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
8
 Scott McCoy, Your Voice: An Inside View (Princeton: Inside View Press, 2004), 110-

113. 
9
 Ibid. pp. 111. 

Figure 3.2. Phases of the Glottal Cycle. Leon Thurman and Graham Welch, Bodymind and Voice: 

Foundations of Voice Education, 2nd ed. (Collegeville: VoiceCare Network, 2000), 152. 
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In short, air both blows open and sucks closed the vocal folds through high and low 

pressure due to the speed and motion of the airflow and its varying pressures.  To stop 

phonation, the glottis is opened or abducted by the posterior cricoarytenoid muscles.  It is 

the flow of breath combined with the muscular action in the larynx that produces sound 

and allows for phonation.   

 How does phonation connect to the investigation of EA in breath management for 

singing?  The power source for the voice is air.  Phonation cannot happen if the air is not 

compressed through the use of one of the methods of breath management (abdominal, 

thoracic, up-and-in, and down-and-out).  EA in breath management is one of the ways the 

activation of the requisite muscles to compress the breath is achieved.   

 

The Modes of Phonation 

 

 Next, in examining the influence of breath management on phonation, are the 

three modes of phonation.  The initiation of a vocal tone is called the onset and the 

release of the tone is called the offset.
10

  For both the onset and the offset there at three 

modes:  glottal, balanced, and aspirate.
11

  The glottal onset is produced by an overbalance 

of the adductor muscles tightly squeezing the closed glottis until the subglottal pressure 

forces it open.
12

  The balanced onset is characterized by a coordinated action of subglottic 

pressure and a closure of the glottis.
13

  The aspirate onset is produced by excessive 
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airflow preceding glottal closure.  The glottal onset is characterized as harsh or tight, 

whereas the aspirate onset is characterized as breathing and loose.  The balanced onset, 

the goal of every good singer, is characterized as clean and easy.
14

  

 Just as there are three types of onset, there are also three types of offset.  They are 

the glottal, balanced, and aspirate.
15

  If the adductor muscles close the glottis to stop the 

sound, it is called a glottal offset.
16

  The balanced offset occurs when the reduction of 

subglottal pressure and the muscles of abduction open the glottis at the same time.
17

  The 

aspirate offset occurs when subglottal pressure continues after the muscles of abduction 

open the glottis.
18

  As with the onset, the glottal offset is characterized by a harsh grunt.  

Conversely, the balanced offset is characterized as clean and easy, while the aspirate 

offset is characterized as breathy.
19

   

 Scott McCoy wrote, “The quality of sustained phonation is strongly influenced by 

the method of onset.”
20

  Balanced phonation uses a coordination of subglottal pressure 

and glottal adduction.  The pressed tone is a product of too firm a glottal adduction, or 

not enough airflow, and too much subglottal pressure.
21

  The pressed tone can be 

described as harsh or forced sounding.  Whereas, the breathy tone is a product of too 
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loose a glottal adduction, or too much airflow, and not enough subglottal pressure.
22

  The 

breathy tone can be described as weak and airy in quality.   

 It is imperative to make a distinction between air flow and air pressure (or 

subglottal pressure).  Airflow in singing is associated with the volume or quantity of air 

moving through the glottis.
23

  Air pressure in 

singing is the force or stress of the air pushing 

against the vocal folds or through the glottis.
24

  

This also has specific affects upon the mass 

and structure of the vocal folds and the rate of 

the open versus the closed phase of the glottis.  

In general, greater airflow during phonation is 

associated with a thinning of the vocal folds 

and a much longer open phase of the glottis.
25

  

This is due to the action of the cricothyroid 

muscles.
26

  Also, greater air pressure is 

associated with a thickening of the vocal folds and a much longer closed phase of the 

glottis.
27

  This is due to the action of the thyroarytenoid muscles.
28
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 Breath management has its affects upon the functioning of vocal folds and the 

phases of glottal opening during phonation.  There is an automatic bodily reflex when air 

is compressed that causes the vocal folds to thicken and resist the subglottal pressure.
29

  

The opposite reaction takes place when breath pressure is reduced, causing the vocal 

folds to thin and reduce their resistance to 

airflow.  This directly relates to the 

discussion of breath management for 

singing, since compressed air influences 

the mass and structure of the vocal folds.  

There are also distinct changes in the 

characteristics of the sound produced as a 

direct result of differences in vocal fold 

mass and structure.  Not only does the 

thickness of vocal folds affect their 

function, but the types of sounds they produce, as well.   

 

The Qualities of Phonation 

 

The types of phonation affected by vocal fold mass include intensity, frequency, 

and timbre.  Louder volume or intensity is a direct result of an increase in subglottal 
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pressure.
30

  Yet, if the vocal folds do not increase in tension and mass (by the action of 

the thyroarytenoids) the pitch will also rise.
31

  When subglottic pressure and glottal 

resistance increase the result is that the vocal folds: 

oscillate at a higher amplification (greater range of motion) 

. . . [and] move more quickly during each cycle of 

vibration.  As their velocity within the vibratory cycle 

increases, the ratio of time the glottis is closed increases.  

This results in a crisper, firmer cessation of the airflow and 

increases the magnitude of compression/rarefaction in the 

soundwave.
32

  

 

This means that by a thickening of the edges of the vocal folds, the pitch remains the 

same.  It also creates a greater area of the folds that meet during the closed phase of 

phonation.  A larger area in motion leads to a stronger and a greater displacement of air 

that produces a louder sound.  “As adduction and pressure increase, the length of time the 

glottis remains open becomes progressively shorter.”
33

  Thus, a shorter open phase 

produces a stronger, sharper stroke of the glottis, which results in greater amplitude or 

volume.   

 Next, a combination of breath pressure with the action of the muscles of 

adduction and/or abduction produce changes in the cycles per second (cps) the glottis 

opens.  This equals a change in the frequency of the sound wave that is heard as a change 
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in pitch.
34

  Greater breath pressure and the lengthening of the vocal folds produce more 

cps or a higher pitch, while less breath pressure and the shortening of the vocal folds 

produce fewer cps or a lower pitch.
35

  This is very much like the strings on a piano or 

violin that are adjusted to the varying tensions and widths to produce both high and low 

pitch.  “When the vocal folds are lengthened, they become thinner, tighter, and more 

rigid,”
36

 an action produced by the cricothyroids.  Whereas, the vocal folds shorten, 

become thicker, looser, and more flexible, through the motion of the thyroarytenoids.
37

  

The scope of this work does not allow for a full examination of the functioning of the 

vocal folds, but the above account serves this investigation of the influence of breath 

management on phonation.   

 Timbre or tone color is also produced by variations in subglottal pressure, along 

with changes in vocal fold structure and function.
38

  These contribute to differences in the 

open and closed phase of phonation that are directly responsible for variations in the 

timbre of the tone produced.
39

   

An increase in Psg [subglottal pressure] and the force of the 

Bernoulli effect will cause the vocal folds to be forced apart 

and pulled together again more rapidly.  As the increased 

kinetic energy must be dissipated, the folds will remain 

closed longer during the vibratory cycle.  The consequent 
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‘sharpness’ or ‘brightness’ of the tonal quality of the voice 

is due to the additional upper frequency acoustic energy 

generated by the very rapid changes in the volume-velocity 

of the airflow.  The reverse occurs in soft speech with low 

vocal effort.  Here the opening quotient may become 

greater than 0.5, giving a ‘mellow’ tonal quality.
40

   

 

Previous examination of airflow versus air pressure has shown that a thinning of the 

vocal folds produces a longer open phase of the glottis, whereas a thickening of the vocal 

folds produces a longer closed phase of the glottis.  Thus, there is a direct connection 

between subglottal pressure, vocal fold mass, and the ratio of open versus closed glottal 

phase.  Hence, how the breath is managed directly affects the timbre of the voice.   

 Finally, in the study of intensity, frequency, and timbre, there is the fact that all of 

the distinct parts are active in differing proportions.  Subglottal pressure, vocal fold mass, 

vocal fold length, and vocal fold tension, as well as open versus glottal phase are all 

present in differing degrees.  Changes in pitch, volume, and vocal color can all take place 

simultaneously.   

Higher pitches require longer, stiffer, and narrower vocal 

folds, but louder sounds require thicker vocal folds that 

offer more resistance to glottal airflow. 

The CT [cricothyroid] muscles pull the folds to the 

appropriate tension for the given pitch while the TA 

[thyroarytenoid] muscles counter with appropriate tension 

for the given amplitude.
41

   

 

This means that through the mastery of highly complex and coordinated actions, the 

singer is capable of producing a nearly limitless palate of sound.  
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 How are the unlimited myriad of sounds a singer can make relevant to the study 

of breath management for singing and the role of the epigastrium?  How breath is 

managed determines the rate of breath pressure versus breath flow, which in turn 

determines vocal fold structure.  It is the combination of the action of breath and muscle 

that allows for changes in intensity, pitch, and timbre.  The epigastrium coordinates 

breath management.  That is to say, the regulation of breath pressure versus breath flow 

allows for these differing types of phonation (i.e., a limitless palate of sound).   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Acoustical Properties of Phonation 

 

  The acoustical properties of sound are the concluding elements in this study of 

the influences of breath management on vocalization.  There are three components of 

Figure 3.5. Fundamental and Harmonics. Leon Thurman and Graham Welch, Bodymind and 

Voice: Foundations of Voice Education, 2nd ed. (Collegeville: VoiceCare Network, 2000), 171. 
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vocal sound:  fundamental, harmonic, and formant.
42

  Fundamental describes pitch, 

harmonic describes the timbre of the instrument, and formant allows use to distinguish 

vowels sounds.   

 The fundamental is the frequency at which the vocal folds are opening and 

closing.
43

  In music, specific frequencies are associated with exact notes or pitches.  The 

loudest and the lowest of the frequencies one hears is generally the fundamental.
44

   

 Above the fundamental are a series of frequencies that are called harmonics or 

overtones.
45

  Again, they are most often not as loud as the fundamental.  Every musical 

instrument produces a unique pattern of harmonics that are heard as timbre.
46

  This 

allows the ear to distinguish one sound from another.  Harmonics are an orderly pattern 

of overtones (mathematically predictable) that form the harmonic series.  They follow the 

pattern of “unison, octave, perfect fifth, perfect fourth, major third, minor third, major 

second, major second, major second, major second, and minor second.”
47

  The variations 

in amplitude of each of the various harmonics in the spectrum for each instrument give it 

a specific sound.   
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 The vocal folds also produce harmonics during phonation.  The voice, like all 

other musical instruments, is made up of “a power source, a vibrator, and a resonator.”
48

  

For the voice, the power source is the compressed air and the vibrator is the vocal folds.  

The resonator for the voice includes everything at and above the vocal folds until the 

sound waves exits the body.  Grove’s dictionary goes on to say that the “voice source 

partials that lie closest to a resonance are radiated with higher amplitudes than other 

partials. In this way the spectral form of the radiated sound mirrors the properties of the 

resonator.”
49

  There are many more principles that govern resonance and explain the 

sophisticated pattern of overtones that are created by the voice than can be covered by the 

scope of this study.  However, it is enough for this examination of breath management to 

know that the vocal folds produce a complex sound wave rich in all of the harmonic 

frequencies.
50

   

 The last piece of phonation is the formant, which McCoy defines as “a resonance 

of the vocal tract.”
51

  The process of filtering within the vocal tract dampens some of the 

overtones and amplifies others.
52

  These patterns of amplified overtones [formants] are 
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recognized by the human ear as vowels.
53

  “The resonance peaks of the vocal tract that 

result in vowels and other changes in timbre are called formants.”
54

   

The singer’s formant is another part of formants and is an important aspect of 

classical voice training.
55

  It is a clustering of the upper formants that give the voice the 

ability to be heard in a large hall or over an orchestra.
56

  This is a product of phonation 
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from subglottal pressure that produces a complex saw tooth sound wave.
57

 It is therefore 

largely a function of breath management.  This is due to the fact that weak subglottal 

pressure cannot produce the rich saw tooth wave with sufficient amplitude to generate 

these upper formants.
58

   

 How does this connect to this examination of breath management for singing and 

the role of the epigastrium in breath management?  It is because breath management 

largely determines the strength of the fundamental, the quality of the overtone series, and 

the energy of the formants.  Again, epigastric activity aids in the production of proper 

breath management, which shapes the production of fundamental, overtone, and 

formants.   

 This chapter outlined the influence of breath management on vocalization by 

examining the structure and function of the vocal folds.  Included in this topic, was the 

influence of subglottal pressure on the mass and structure of the vocal folds in terms of 

onset, offset, continuance, intensity, frequency and timbre.  Furthermore, the acoustical 

properties of the vocal sound in terms of fundamental, overtones, and formants have been 

addressed. At each step one can see how the efficacy of breath management has a direct 

affect upon all of these parameters.  This is why breath management affects how the 

voice functions and determines the quality of the sound wave it produces.  It cannot be 
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overstated how critical proper breath management is to correct singing.  This is why “the 

foundation of all vocal study lies in the control of breath.”
59

 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
59

 Giovanni Lamperti, Vocal Wisdom; Maxims of Giovanni Battista Lamperti Recorded 

and Explained by His Pupil and Assistant William Earl Brown (New York: Crescendo, 

1957), 5.   



 68 

Chapter 4:  ARGUMENTS FOR EPIGASTRIC ASSISTANCE IN BREATH  

MANAGEMENT 

 

Upon examining the arguments for EA in breath management, it is first important 

to review where the epigastrium is located and how it functions.  The epigastrium is just 

below the sternum, at the top of the abdominal wall.
1
  During breathing the diaphragm 

contracts and flattens, displacing the viscera and producing an outward movement of the 

upper abdominal wall (epigastric region).  It is a convergence of the diaphragm and the 

abdominals, so that “when both sets of muscles (diaphragm and abdominals) tense, the 

epigastrium pushes forward.”
2
  Therefore, the epigastric region is not a muscle nor is it an 

organ, but it is a zone of activity where the actions of the rectus abdominus and the 

diaphragm produce an outward bulging of the upper abdominal wall.  It is also the 

location, when strongly pressed in upon (the Heimlich Maneuver), produces a rapid and 

forceful exhalation of breath.   

Epigastric assistance is one of the many divergent breathing and breath 

management methods used by singers and taught by pedagogues.  Despite apparent 

confusion about the efficacy of the epigastrium and breath management overall, there are 

several important sources which discuss the epigastrium.  These sources not only find the 

concept to be easily grasped, but also provide valid indications that EA contributes 

significantly to successful singing technique.   
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 One of the important early advocates of EA is William Vennard.  In Singing, the 

Mechanism and the Technique, he writes extensively about the epigastrium in classical 

singing.  His understanding of the benefits of the bulging action of the epigastric includes 

that it is 1) proof of good diaphragmatic development, 2) useful as a region to check and 

feel the action of the diaphragm, and 3) results from the contraction of both the 

diaphragm and abdominal muscles that cause it.  He goes on to claim that a novice singer 

can sing a long phrase if the teacher presses his fist into their epigastrium.
3
  The test of 

this claim is the primary premise for this treatise.   

The works of over a dozen authors will be cited in this special section, with 

arguments for and against EA.  Only these authors specifically addressed the topic, out of 

more than the one hundred references examined.  They include the following:  John 

Lester (1957), Lee Hardy (1958), Anthony Frisell (1964), William Vennard (1967), 

Ralph Appelman (1967), Richard Alderson (1979), James McKinney (1982), Helen 

Swank (1984), Richard Miller (1986), Barbara Harlow (1986), Thomas Hixon (1987), 

Craig Timberlake (1994), Leon Thurman and Graham Welch (2000), and Scott McCoy 

(2004).  Statements by these authors represent the overwhelming majority of the 

information on the epigastrium in the voice pedagogy literature.  This discussion of the 

arguments for EA in breath management will be in the form of a series of questions and 

answers.   
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Arguments 

 

What causes epigastric action as a singer inhales and why is it important to singing?   

Scott McCoy (2004), one of the most recent experts to emerge in the field of 

voice pedagogy, explains that the convex action of the epigastrium during inhalation is 

caused by the downward descent of the diaphragm as it flattens.
4
  The viscera below the 

diaphragm are displaced producing an outward bulge in the abdominal muscles.  A 

relaxation in the rectus abdominus during inhalation allows for this outward bulge.  

Epigastric action is essential to singing because it confirms the descent of the diaphragm 

that is indispensable during respiration.
5
   

Why is it important for the epigastrium to remain flexed during exhalation?   

Richard Alderson (1979) clearly states that the epigastrium should tense and hold 

firmly during singing.
6
  He goes on to say that it may even flex outward to counteract the 

body’s inclination to collapse at exhalation.  The breath is managed by the outward 

expansion of the epigastrium (flex or bulge) resisting the collapsing lower abdominals.
 7
   

Why should EA be taught to singers?   

Alderson wrote that EA in breath support is the most readily accessible and useful 

method for students of singing to master.
8
  This is because the singer can easily observe 

and feel the action in the epigastric region to verify it is taking place.  As a beginning 
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student of voice, it is relatively easy to learn how control the bulging action in the 

epigastric region, fulfilling the requirement to effectively manage the breath.
 9
 

When should epigastric action commence during singing?   

One of the early pioneers in vocal pedagogical research, William Vennard (1967), 

specifies that the bulging of the epigastrium must take place at the beginning of the 

phrase.
10

  This is because it achieves the necessary muscular antagonism between the 

diaphragm and the abdominals that prevents the loss of control of the breath at the 

commencement of the phrase.  He goes on to say that it is one of most effective methods 

of managing the breath.
 11

 

What effect does the action of the epigastrium have upon the other muscles of expiration?   

According to Richard Miller (1986), one of the foremost vocal pedagogues of the 

last two decades, epigastric activity has direct influence upon the action of the 

diaphragm.
12

  This is due to the fact that the diaphragm is not under conscious control, 

but its movement can be influenced by the action of the other muscles of respiration; the 

abdominals and intercostals.  The epigastrium helps to create muscular antagonism 

between the abdominals and the diaphragm, which is necessary for the slow and steady 

return of the diaphragm during the extended exhalation of the sung phrase.
 13

   

What effect does epigastric action have on breath during singing?   
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Vennard explains that the action of the epigastrium is actually a method and 

means of controlling the emission of the breath during expiration.
14

  He claims that by 

stiffening the epigastric area, the necessary muscular antagonism is produced that allows 

for the slow ascent of the diaphragm.  This in turn produces a longer and more sustained 

flow of breath, thus increasing the singing time.
 15

   

Are there any sensations associated with epigastric activity?   

Vennard makes the connection between epigastric action and some of the 

commonly used imagery in voice teaching.
16

  The first of these is “sitting on the breath.”
 

17
  This image and associated sensation has to do with the action of pressing down (or 

sitting down) at the base of the ribcage against the ascent of the diaphragm.  The other of 

these is “singing on the gesture of inhalation.”
 18

  This has reference to maintaining the 

muscular action and sensation that takes place during inhalation, despite the fact the 

singer is exhaling.  

What are some of the other benefits of epigastric activity?   

The epigastrium is also an important participant in the singing of melismas, 

according to Richard Miller.
19

  The epigastrium should bounce during the proper 

production of support while singing melismas to help produce a cleaner articulation.  

John Lester (1957) believes that emotional stimulus in the center of the body will aid in 
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the activation of the epigastric region for breath management.
20

  He calls for a balance of 

strength around the middle of the body, where the “center of emotion” is located and can 

be activated.  Barbara Harlow (1986) asserts that the firm epigastrium also helps the 

ribcage to remain high and add to the “feeling of strength” in the support of the tone.
21

   

How does epigastric activity affect the type of sound produced?   

In a study done by Helen Swank (1984), seven verbal directives for support were 

given to a group of singers.
22

  The fourth of these directives has to do with the firming of 

the epigastric area and maintaining that firmness while singing.  The result of this 

directive for the singers in the group was that the fundamental and the harmonic series 

increased in intensity and stability.  This means that the sound produced has greater 

carrying power and a more distinct timbre.
 23

    

Does the action of the epigastrium affect subglottal pressure?   

According to Richard Alderson, subtle adjustments in epigastric activity will 

result in efficiently and finely controlled breath.
 24

  These differences in the pressure and 

flow of the air change the composition and function of the vocal folds.  This produces 

delicate shading of timbre and tone, which is the key to coloring the singing voice.  
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Alderson goes on to say that, “Through this sort of muscular independence a fine Lieder 

singer perfects the art of coloring his voice.”
25

   

Can EA work with the appoggio method of breath management?   

(The appoggio method was defined in chapter one, as “the lean.”  This system 

encompasses posture and all the aspects of breathing to form a delicate balance or 

equilibrium.  In sum, this process is a slow and controlled inward movement of the 

“upper abdominal wall” while experiencing a “balancing muscular action” of the “lumbo-

dorsal area” and the “anterior thoraco-epigastric area.”  Miller defines it as “sterno-

costal-diaphragmatic-epigastric breathing.”
26

)  Most advocates of the appoggio method of 

breath management are not willing to discuss any one particular action or area of focus 

during singing.  Perhaps this is due to their subscription to a holistic balanced method that 

encompasses the entire body, not just the activity of the pelvis and thorax in dealing with 

breath management.  However, Craig Timberlake (1994) makes direct mention of the 

importance of the role of the epigastric region in his discussion of the appoggio 

technique.
27

  He further explains that when the low abdominals flatten and pull in, the 

upper abdominals (including the epigastrium) should expand out.  

What has research discovered regarding the action of the muscles during breath 

management strategies?   
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Groundbreaking work by voice scientists like Thomas Hixon (1987) has provided 

empirical data regarding the complex interaction of opposing muscles during respiration 

for both speech and singing.
28

  The outward moving force of the upper abdomen in 

tandem with the rib cage is important in generating fast and powerful changes in breath 

support.  This does not directly address the epigastrium, but it does support the idea that 

epigastric activity in breath management can be part of a more effective coordination of 

muscular action.   

Does research favor any of the major methods of breath management?   

The work of Leon Thurman and Graham Welch (2000) has lead many voice 

scientists to favor the “up and in” method of breathing, versus the “down and out.”
 29

  

“The down and out” method places the diaphragm in an artificially lowered position that 

requires the ribcage to collapse to create breath pressure.  However, during the “up and 

in” method, the diaphragm remains contracted giving greater potential for what the 

authors call “even and continuous airflow.”  An important result of this method is the 

bulging epigastrium.  Thurman and Welch state that “although a research ‘smoking gun’ 

does not exist on this question, most voice scientists agree that the ‘gathering in and up’ 

coordination in the lower abdominals, with the ‘down’ sensation in the upper abdominals, 

is the most efficient for overall voice production.”
 30

 

Are there any negatives associated with epigastric activity?   
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James McKinney (1982) warns that the epigastrium can be over-emphasized and 

its action can be over-exaggerated.
31

  Yet, he goes on to write that all singers must be 

aware of the epigastric area, how it functions, and the proper extent to which it should be 

utilized for proper breath management.  Anthony Frisell (1964) further warns that there is 

a danger in placing too much attention on the epigastric region.
32

  However, he does 

agree that the epigastric region should not collapse.  Yet, Frisell also asserts that if this 

area becomes too active it can cause the diaphragm to over-tense as it seeks to counter 

balance the overly tense epigastrium.  Therefore, while McKinney and Frisell both warn 

of the dangers of epigastric activity, then seem to contradict themselves in their 

individual reasoning concerning these caveats.   

Can everyone learn to use the epigastrium as part of his or her breath management 

strategy?   

Richard Alderson explains that there is the occasional student who will have 

issues concerning their body image that may hinder him or her from using the 

epigastrium in their breathing technique.
 33

  They are not able to expand the abdomen for 

the low breath or keep the upper abdomen expanded to allow for epigastric activity, not 

to mention preventing the collapse of the ribcage during singing.  He goes on to relate 

that some students even experience a physical inability to activate the epigastrium.  If he 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
31

 James McKinney, The Diagnosis and Correction of Vocal Faults (Nashville: 

Broadman, 1982), 57.  
32

 Anthony Frisell, The Tenor Voice (Boston: B. Humphries, 1964), 30. 
33

 Richard Alderson, Complete Handbook of Voice Training (West Nyack: Parker, 1979), 

38, 54. 



 77 

cannot get the student to breathe using this preferred method, he abandons it and chooses 

another method that does not call for abdominal expansion.
 34

 

Is epigastric action an assurance of proper breath management and airflow?   

According to Lee Hardy, just because the epigastrium is active, that does not 

necessarily mean that there is proper management of the breath.
 35

  It is also no guarantee 

that air is moving in the correct direction.  He goes on to explain that the epigastrium can 

bounce for reasons other than breath management, including a sudden action of the 

diaphragm or the abdominals.  It can even bounce without producing exhalation.
 36

 

In contrast to the detailed discussion in the question and answer section of this 

chapter, the following quote by Ralph Appelman (1967), one of the foundational figures 

in early pedagogical research, succinctly explains the process of breath management.   

During expiration the abdominal muscles and strong 

muscles of the back act as a sphincter to thrust the 

abdominal viscera upward into the domes of the 

diaphragm, which is in a state of flexible tension during 

phonation since the muscles of the diaphragm are muscles 

of inspiration, not expiration.  The state of suspended 

resistance during phonation is provided by the muscles of 

inspiration, which are now antagonist muscles holding 

against the force exerted by the abdominal musculature 

causing the upward thrust of the viscera.  ‘Mechanically 

speaking, the direct downward pull on the thoracic cage by 

the antagonist muscles of inspiration firms the skeletal 

walls of the thorax.  The inward pressure of the 

anterioabdominal muscular forces the viscera and the 

diaphragm upward.’  This action applies a steady 

uninterrupted flow of breath pressure against the vocal 
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folds; this pressure is most efficiently utilized when there is 

no undue tension in the neck and throat.  This state of 

thoracic and abdominal muscular suspension is sustained 

during phonation in song and is recognized by the tension 

of epigastrium (area below the sternum) and a normal 

expansion of the thoracic cage.  The anterolateral 

abdominal muscles are the only indisputable muscles of 

expiration and should be examined whenever the group 

behavior of the expiratory muscles is under consideration.
37

 

 

This chapter has examined the writings of some of the most respected vocal 

pedagogues on the effectiveness of EA in breath management for singing.  They have 

explained where, how, and why the epigastrium works. Additionally, as an indicator of 

both diaphragmatic and abdominal activity, the epigastrium can be easily understood and 

controlled by the student of voice.  Epigastric activity can influence muscular 

antagonism, provide the feeling of strength during exhalation, allow a singer to sing a 

longer phrase, help in the articulation of melismatic runs, and strengthen the fundamental 

frequency of the sung tone.  However, EA can be problematic.  Too much tension or the 

exaggerated action of the epigastrium will frustrate the process of proper breath 

management.  It is also not a failsafe indicator of the proper muscular activity and 

controlled airflow.  Finally, some individuals cannot learn to activate the epigastrium, so 

an alternative method of breath management must be addressed.  There are many 

divergent ideas, theories, and facts concerning the epigastrium.  For this reason, there is a 

need for further investigation, discussion, and understanding of the full ramifications of 

the role of EA in breath management for singing.   
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Chapter 5:  RESEARCH METHODS AND PROCEDURES 

 

This treatise tests and documents the changes in respiratory and phonatory quality 

as the result of EA in singing.  The premise for this work is based on Vennard’s 

instructions for stiffening the epigastric region to produce greater efficiency in breath 

management.   

In teaching this [epigastric assistance] I sometimes make a fist and 

push it into the student’s epigastrium while he attempts a long 

phrase.  The muscular antagonism which he must set up in order to 

maintain a stiff epigastrium against my pressure often enables him 

to sing a considerably longer phrase.
1
 

 

 To test Vennard’s claims, the Primary Investigator (PI) designed a study to 

measure respiratory and acoustical output from participants both with and without 

epigastric activity.  The respiratory data was collected in the lab of Professor Edward 

Coyle and the acoustical data in the Vocal Arts Lab of Professor Darlene Wiley.  An 

outline of the proposal and an application for human testing was submitted to the 

Institutional Review Board (IRB) of the University of Texas at Austin and was 

subsequently granted.   

 

SAMPLE 

 

 Two groups were created of singers and non-singers.  Group A consisted of three 

singers:  one male 22 years of age, one male 43 years of age, and one female 63 years of 

age.  The 22 year old had one year of private voice instruction, the 43 year old had 20 + 
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years of vocal instruction/experience, and the 63 year old had 40 + years of vocal 

experience.  Group B consisted of three non-singers:  one male 21 years of age, one male 

43 years of age, and one female 60 years of age.  The 21 year old had no vocal 

experience, but did have 10+ years of experience playing low brass instruments.  The 43 

year old had no vocal training, nor did the 60 year old.  The intent in using two groups 

was to monitor any differences in the data between singers and non-singers.  The 

participants from both groups were paired corresponding to their age.   

 Participants were shown the approved IRB documentation and read a written 

script about the nature of the study that outlined what he or she would be asked to do.  

The participants were given copies of the consent form to read and sign before starting 

the study.  They also completed a survey, which asked about respiratory their respiratory 

health, exercise habits, vocal experience, and vocal hygiene.  

 

PROCEDURES 

 

A boxing glove covering a block of wood was designed to mimic a “fist.”  To 

both insure the presence and consistency of epigastric activity across and within 

participants the “fist” was pressed in upon the epigastrium.  This allowed for a maximal 

comparison of the effect of epigastric activity and the lack thereof upon exhalation and 

phonation.  

Respiratory Data 

A pneumotachometer, manufactured by Hans Rudolph Incorporated (Kansas City, 

MO), was connected to the mouthpiece.  This measured the volume and duration of the 
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airflow by the participants.  Air was measured for the trials in cubic liters and the 

equipment determined approximate tidal volume (the volume of useable air in the lungs).  

This was calibrated for each participant during the one to two minutes they breathed 

normally into the tubing before each recording.  The pneumotachometer was calibrated 

using a five-cubic liter syringe, to increase the validity of the data collection.  Custom 

software designed by Ken Beck, PhD was used to analyze the data from the 

pneumotachometer.  It produced fifty columns of data having to do with inhalation, 

exhalation, rate, and duration that the computer software measured.  However, it is the 

data on expired volume and expired time that is relevant to this study (see Table 5.1).   

 First, the participants were read a script explaining what they would be doing, 

then they were shown the respiratory lab, and the equipment.  These instruments included 

a mouthpiece, the harness and tubing that connected the mouthpiece to the 

pneumotachometer, and a rack of computer modules.  In preparation for the experiment, 

the harnesses that determined the height of the tubing and the pneumotachometer were 

adjusted to match each participant’s height.  The participants stood on a red “X” on the 

floor.  This was to try and control for distance such that the “fist” was the same distance 

away from each participant.  Additionally, it allowed the primary researcher to be able to 

press the “fist” into the participant’s epigastrium, and cue both the participant and the lab 

assistant when to start.   

The participants were next fitted with a non-latex two-way non-rebreathing 

mouthpiece and their noses were plugged so that all the exhaled and inhaled air was  
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Figure 5.1. Sample of Respiratory Data Print Out. 



 83 

measured.  Before each sample was recorded, the participants were first given a minute to 

breathe normally to get accustomed to the mask and to allow the equipment to calibrate.  

For the first trial the participants were instructed to breathe and then make the [s] sound 

for as long as they could without EA.  Three recordings (using a pneumotachometer) of 

each trial were taken from all of the participants.   

The second set of trials with [s] followed the same protocols as the first, except 

EA was added.  The participant was told to breathe and then make the [s] sound for as 

long as they could as the “fist” was pressed against their epigastrium.  The PI stood 

approximately eighteen inches in front of the participant and told the participant to take a 

braced stance so as to allow the “fist” to be pushed against the epigastrium and not be 

knocked off balance.  At the end of the inhalation, the PI gently pressed the “fist” into the 

epigastric region to correspond with the initiation of the exhaled [s].  The “fist” remained 

pressed into the epigastric region for the duration of the [s] sound.  It was pressed into the 

epigastrium, approximately one inch, to elicit a firming of the region against it.  This was 

repeated three times with one to two minute breaks in between each trial.  The third sets 

of trials followed the same procedures as first set of trials except the [z] sound was made; 

the fourth set of trials followed the same protocols as the second trials that used EA, 

except they made the [z] sound.  

Acoustical Data 

 In the next part of the study, the acoustical data was collected.  The participants 

were read a script as they were introduced into the lab.  They were shown the lab, the 

equipment they would be using, and where they would be standing, as well as what they 
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would be asked to do.  In preparation for the experiment, the boom that held the 

microphone was adjusted to match each participant’s height.  The participants stood on a 

red “X” that was marked on the floor twelve inches from the microphone.  A Zoom H4 

digital recorder and microphone combination was used to record the samples produced 

(Built-in Stereo Mic: Unidirectional condenser microphone [Gain: +7 to +47dB]).   

Analysis of the spectrographic data was performed using the VoceVista 

Professional voice analysis software.  VoceVista was designed by Donald Miller (2008) 

as a means of visual feedback for the instruction of singing.  It provides three different 

visual representations of the analyzed acoustical data.  Sound spectrogram is the first 

display, which shows the fundamental frequency, overtones, and the intensity or 

amplitude, of the upper harmonic components through the process of Fourier 

transformation.
2
  Power spectrum is the second type of display, which shows frequency 

and amplitude at the point where the curser is placed.
3
  The third type of display is the 

waveform envelope.  It shows the approximate relative sound pressure level of the 

displayed spectrogram.
4
  Through the use of these three displays, VoceVista can provide 

information about the fundamental frequency, overtones, and their intensity, as well as 

any formants that maybe present (see Table 5.2).   

Each of the participants made the [s] sound, [z] sound, spoke the days of the 

week, and sang the first three measures of "My Country, ‘Tis of Thee."  Just as with the 

respiratory experiments, three sample recordings were taken from all the participants for 
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each trial, both with and without EA.  However, only one recording was taken of the 

participants speaking the days of the week and singing the first three measures of "My 

Country, ‘Tis of Thee,” both with and without EA.  It was determined that one recording 

was sufficient in capturing the acoustical data during speaking and singing.   

The participants were cautioned not to change their distance from the microphone, 

not to sway to the left or the right, and to keep their head so that their mouth was always 

pointing toward the microphone.  It was explained to them that any change in position or 

distance would change the sound that was being recorded.  The PI stood behind the 

microphone stand so as to be able to start the recording equipment.  This position also 

allowed the PI to be able to press the “fist” into the participant’s epigastrium from where 

Figure 5.2. Typical Analyzation Screen. VoceVista. 
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he was standing.  Once the recording equipment was started it recorded the entire session 

without stopping.  This allowed the PI to observe the participants, since the recording 

could be edited at a later time to isolate each trial.  The research assistant also helped the 

PI to monitor each participant’s position in front of the microphone.  

Each participant spoke their participant number at the beginning of the collection 

of data, allowing the PI to check for optimal microphone pick-up and provide positive 

identification to each recording.  For all the trials the participants were told to breathe and 

then make the [s] sound for as long as they could without epigastric activity.  This was 

repeated three times with breaks of one to two minutes for the participants to rest in 

between each trial.  

The second set of trials with [s] were exactly like the first, except with EA.  The 

participant was told to breathe and then make the [s] sound for as long as they could as 

the “fist” was pressed against their epigastrium.  The PI stood approximately eighteen 

inches in front of the participant and behind the microphone stand.  He told the 

participant to take a braced stance so as to allow the “fist” to be pushed against the 

epigastrium and not be knocked off balance.  At the end of the inhalation, the PI gently 

pressed the “fist” into the epigastric region to correspond with the initiation of the 

exhaled [s].  The “fist” remained pressed into the epigastric region for the duration of the 

[s] sound.  This was repeated three times with breaks for the participants to rest in 

between each trial.  

The third set of trials was exactly like the first set of trials without EA, except the 

[z] sound was made.  The fourth set of trials with [z] followed the same protocols as the 
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second trials in which EA was used, except they made the [z] sound.  The fifth and sixth 

set of trials involved the participants speaking the days of the week with and without EA.  

Unlike the previous trials there was only one recording taken.  For the fifth trial, the 

participants were told to breathe and then speak the days of the week.  The sixth trial was 

exactly like the fifth, except with epigastric activity.   

The seventh and eighth set of trials involved the participants singing the first three 

measures of "My Country, ‘Tis of Thee" with and without EA.  Like the previous two 

trials, there was only one recording taken.  For the seventh trial that involved singing, 

they were given the key of F major
5
 in which to sing; told to breathe; then to sing, the 

first three measures of "My Country, ‘Tis of Thee."  The eighth trial was exactly like the 

seventh, except there was epigastric activity.   

Preliminary results from these tests indicate differences in the quality of 

respiration and phonation as the result of EA.  The initial data provides some validation 

for Vennard’s claims, however there were some unexpected outcomes from the 

information gathered.  The following chapter will fully discuss the results from these 

experiments.  
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Chapter 6:  RESULTS 

 

The validity of the data from this research is dependent upon the design and the 

methods used in its compilation.  It should be understood that the internal validity of the 

research data, subsequent findings, and claims taken from the experiments could be said to be 

conclusive.  The data can be considered internally valid if the limited scope and parameters 

of this study are taken into account.  However, the findings of this study are not externally 

valid, since they cannot be applied or generalized to how all singers or all non-singers will 

respond to EA.  This is due to the limited size of the research pool.  The data can be used to 

indicate some general trends or patterns of reaction.  Indeed, the findings of this research 

represent a pilot study, which could be used as the basis for a more externally valid 

comprehensive study.   

 In analyzing the data from these experiments, it is important to understand both the 

method of calculation as well as the units used to measure the data itself.  Duration, the 

length of time for each recording, was measured in seconds.  Volume, the amount of air 

expelled, was measured in cubic liters.  Rate, the product of volume divided by duration, was 

calculated to show the synthesis of volume and duration.  The data from the three trials was 

averaged to indicate general trends and patterns.   

Before the data can be examined, the differences in production of the [z] and the [s] 

sounds should be addressed.  The [s] sound is a product of friction in the expelled air formed 

by the tongue pressing against the alveolar ridge.  The [z] sound employs the same fricative 

action with the addition of vocal fold phonation.  With the addition of phonation, the duration 
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can vary due to the possibility of both laryngeal valving and throat constriction.  This relates 

directly to the unreliability of the [s]/[z] ratio in equaling, which will be discussed in greater 

detail later in Chapter seven.   

For the [s] trials, there were some general differences in duration, volume, and rate 

between the two groups.  The data from Group A (the singers) for the [s] sound without EA 

ranged from 7.65 to 18.47 seconds in duration and the volume of air from 2.11 to 3.5 cubic 

liters (see Table 6.1).  The data from Group B (the non-singers) for the [s] sound without EA 

ranged from 5.52 to 7.68 seconds in duration with a volume of air from 2.11 to 3.39 cubic 

liters.  The duration among the members of Group B is similar, but the duration among the 

members of Group A is significantly different.  The volume is approximately the same for all 

the members of both groups.   

 

 

Table 6.1. [s] Duration and Volume. [s] Trials without Epigastric Assistance. 

The rate of volume over time allows both duration and volume of breath to be taken 

into account.  Figure 6.2 shows the rate results of participants one through six in groups A 

and B.  In comparing these results, the rates improved for the members of Group A by age, 

but there is no discernible pattern among the members of Group B.  

Table 6.2. [s] Rate. [s] Trials without Epigastric Assistance. 
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One outcome in discussing rate (the relationship between duration and the volume of 

expired breath) is efficiency.  For this discussion, efficiency refers to the use of air over time.  

A lower rate would mean greater efficiency in the use of air over time, while a higher rate 

would mean less efficiency in the use of air over time.  In other words, greater efficiency 

indicates less air usage over a shorter duration or the same amount over a longer duration, 

while less efficiency designates a larger amount of air was used over a shorter duration.  This 

applies to both the production of the [s] or the [z] sounds. 

There were other notable differences in duration and volume for both groups with the 

introduction of epigastric activity.  The data from Group A for the [s] sound with EA ranged 

from 9.75 to 22.56 seconds in duration and a volume of air from 2.58 to 3.28 cubic liters (see 

Table 6.3).  The data from Group B for the [s] sound with EA ranged from 4.24 to 10.97 

seconds in duration with a volume of air from 2.20 to 3.88 cubic liters.  The duration for all 

of the members of Group A increased with the addition of epigastric activity.  For two of the 

three members of Group B, the duration actually decreased with the addition of epigastric 

activity.  The durations for the third member of Group B, participant #4, increased (this will 

 

 

Table 6.3. [s] Duration and Volume with and without Epigastrium. [s] Trials. 
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be examined in greater detail in Chapter seven).  In general, for the [s] trials with EA, there 

was a trend for longer duration by the members of Group A, but a shorter duration by the 

members of Group B.  

Volume was another factor that changed with EA.  There was no pattern of change in 

volume for Group A with EA.  However, the members of Group B registered a small increase 

with the addition of EA (see Table 6.3).  This indicates that Group B reacted to epigastric 

activity by expelling more air, while the members of Group A reacted by expelling less, 

more, or the same.  This trend will be examined further in Chapter seven.   

The rate was also affected by epigastric activity.  Table 6.4 shows the rate of cubic 

liters per second expelled by the members of Groups A and B.  Just as with the rates without 

EA, the rates for the members of Group A improved.  As with previous results, there were no 

patterns in the rate among the participants in Group B.  

 

 

Table 6.4. [s] Rate with and without Epigastrium. [s] Trials. 

Patterns in the data (see Table 6.5) emerged when comparing the rate with and 

without epigastric activity.  The rate decreased for all of the members of Group A with 

epigastric activity, thus they used air in a more efficient manner.  However, for Group B 

there were again two members whose rates actually increased with the addition of epigastric 

activity.  This means that the efficient use of air decreased.  Participant #4, continued his 
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pattern of producing results that corresponded with Group A, decreasing his rate and 

increasing his efficiency.  

 

 

 

Table 6.5. [s] Volume, Duration, Rate. [s] Trials with and without Epigastric Assistance. 

Duration, volume, and rate were measured in the [z] trials in the same manner as in 

[s] trials.  The data from Group A for the [z] sound without EA ranged from 13.31 to 31.68 

seconds in duration and a volume of air from 1.70 to 2.34 cubic liters (see Table 6.6).  The 

data from Group B for the [z] sound without EA ranged from 9.57 to 16.08 seconds in 

duration with a volume of air from 2.13 to 2.89 cubic liters.  The durations for the 

participants from Group A were longer than for those of Group B and the volumes were less 

for Group A then for Group B. This indicates that generally Group A used air more 

efficiently than Group B.   

 

Table 6.6. [z] Duration and Volume.  [z] Trials without Epigastric Assistance.  

Rate is an important means of showing the relationship between duration and the 

volume of breath expired.  Table 6.7 shows the rate of cubic liters per second for both 
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Groups A and B.  Unlike the [s] rates without EA that improved by age, the [z] rates 

decreased in Group A.  As with the previous [s] trials without EA, there seems to be no 

pattern in the [z] trials for Group B.  However, the rate for participant #4 continued to be 

lower, like Group A. 

Table 6.7. [z] Rate. [z] Trials without Epigastric Assistance.  

Duration and volume changed when epigastric activity was added.  The data from 

Group A for the [z] sound with EA ranged from 23.19 to 35.77 seconds in duration and a 

volume of air from 1.98 to 2.76 cubic liters (see Table 6.8).  The data from Group B for the 

[z] sound with EA ranged from 7.37 to 19.52 seconds in duration with a volume of air from 

2.20 to 3.29 cubic liters.  Group A increased duration.  However, the duration for two of the 

three members of Group B, decreased with the addition of epigastric activity.  The duration 

of participant #4 of Group B increased, like Group A.  In general, the [z] trials were much 

like the [s] trials in that there was a general trend of longer duration for Group A with the 

addition of EA, but shorter duration for Group B with the addition of EA.   

 

 

 

Table 6.8. [z] Duration and Volume.  [z] with and without Epigastric Assistance.  
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What were some of the changes in volume for the [z] trials with the addition of EA?  

The volume of air increased for the [z], versus the [s] with EA for Group A (see Table 6.8).  

For [z] the members of Group B registered a small increase with the addition of EA.  

 

 

 

Table 6.9. [z] Rate with and without Epigastrium. [z] Trials.  

Epigastric activity had an affect upon rate in the [z] trials, as well. Table 6.9 shows 

the cubic liters per second for both Groups A and B.  Just as with the rates without EA for 

[z], the rates improved for each of the participants by age.  As before, there was no pattern in 

the data from the participants in Group B.  A comparison of the rate for [z] with and without 

 

 

Table 6.10. [s] and [z] Trials with and without Epigastrium.  
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epigastric activity (see Table 6.10) showed that the rate decreased or stayed the same for the 

members of Group A with epigastric activity.  However, there were two members in Group B 

whose rates increased with EA.  Participant #4 continued his pattern of producing results 

more like Group A.   

Since the [s] sound is an unvoiced consonant (there is no phonation of the vocal 

folds), there is little acoustical data.  The fricative sound of the friction of air between the 

tongue and the alveolar ridge does not have pitch or harmonics.  Duration is the only 

measurable element for [s].  For this reason, there is no acoustical data to report for the [s] 

sound.  The elements that can be measured are pitch, intensity, and harmonics.  Since it is a 

voiced consonant, the [z] sound does possess these acoustical elements.  In the following 

section, the acoustical data collected for the [z] sound will be reported.  The spectrographic 

data was analyzed using the following format: the fundamental pitch. or cps, is listed as H1, 

the first overtone as H2, the second overtone as H3, the fourth overtone as H4, and so forth.  

The acoustical data that will be addressed here will be limited mainly to frequency and 

harmonics.  There were three recordings made of each trial, the best of which was used for 

analyzation.   

 The participants for all of the [z] trials chose their own random pitch to sing (see 

table 6.11).  The spectrographic data without EA for both groups revealed several bands 

 
 

Table 6.11. Fundamental Frequencies. [z] without Epigastrium.   



 96 

 of harmonics.  The data that the participants from Group A produced for each harmonic can 

be found in Table 6.12.  Participant #1’s results showed that H2 was only present at the 

beginning of the recording and H4 only appeared for a couple of seconds within the 

recording.  There were many breaks in the sound, which is indicative of insufficient airflow 

to maintain phonation.  Participant #2’s data from H2, H4, and H5 can be seen in Table 6.12, 

but H3 became intermittent by the middle of the recording, H4 had breaks in the pattern, H5 

was only present at the beginning of the recording, and there were breaks in the harmonics by 

the end of the recording when the participant began to run out of air.  The data for Participant 

#3 is also in table 6.12, but most notably, H1 was quite intense (loud), H2 showed up late in 

the recording and was intermittent, and then became constant, H3 was intermittent 

throughout the recording, and H4 was just a momentary blip through out the recording. 

 

 

 

Table 6.12. Harmonics without Epigastrium. 

 

 The data produced by the participants from Group B can be found in Table 6.12.  

Participant #4’s results appear in this table, but there was also a strange, faint, and 

intermittent sub-harmonic at 89 frequencies that was produced by saliva vibrating in the oral 

pharynx.  The fundamental was intense, H2 was intermittent, H3 appeared later in the 

recording as the sub-harmonic disappeared, and H4 was seen as a momentary blip during the 
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recording.  The harmonic frequencies for Participant #5 appear in Table 6.12, as well.  H3 

was intermittent by the end of the recording, H4 and H5 were intermittent throughout, and 

H6 was a momentary blip during the recording.  Besides the data recorded in this table for 

Participant #6, there was also fluctuations in the fundamental frequency at the beginning of 

the recording.  In addition, H2 had breaks during the recording, and H3 was intermittent.   

 The fundamental frequency varied for all of the participants with the addition of EA.  

Table 6.13 shows the frequency results for the [z] trials with EA.  The data shows that for all 

but one participant, the fundamental frequency either remained the same or increased due to 

the addition of epigastric activity.   

 

 

Table 6.13. [z] Fundamental Frequencies with and without Epigastrium.   

 There were changes in the harmonics produced with the addition of EA, as well.  The 

participants from Group A produced data supporting this changes, found in Table 6.14.  For 

Participant # 1, H2 was stronger and less intermittent in this recording, as was H3.  H4 was 

produced only at the beginning and there was a momentary addition of H5.  Again, there 

were many breaks in the sound, which is indicative of the participant aiming for duration at 

the sacrifice of intensity.  With EA, the first two harmonics did not change, but H4 did rise in 

frequency.  For Participant #2 notable results were that H3 was intermittent in this recording, 
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H4 was constant until the end when there were breaks, H5 was present at the beginning of the 

recording, and finally, H6 appeared at the beginning.  Like the trial without EA, there were 

breaks at the end of the recording when the participant began to run out of air.  Additionally, 

all of the harmonics increased in frequency with the addition of EA.  For Participant #3, in 

addition to the other results found in Table 6.14, H1 was quite intense, but this time all the 

harmonics fluctuated slightly throughout the recording.  However, with EA, both H2 and H3 

were constant, H4 increased to intermittency, H5 was intermittent, and H6 appeared as a blip.   

Table 6.14. Harmonics with and without Epigastrium.   

 

 The participants from Group B produced the data in the form of harmonic frequencies 

(see Table 6.14) with EA.  For Participant # 1, it is important to note that with EA, H2 was 

constant this time, yet H3 and H4 were sporadically present and short in duration.  H5 was an 

additional harmonic, being short and sporadic.  Unlike the other participants in Group B, the 

fundamental and the harmonics for participant #4 dropped in frequency.  The data for 

Participant #5 also appears in this table.  This time with EA, the fundamental was more 

intense, as was H2.  H3 was more constant, while H4 remained intermittent; H5 was 
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constant, as was H6 and H7.  There were several momentary and scattered harmonics at 

1682, 2205, and 2386 that may have been lip noise.  There were more harmonics produced 

by participant #5 with EA and they were stronger.  For Participant #6, the fundamental 

frequency did not hold stable, dropping in frequency during the recording; however it was 

stronger in intensity.  With EA, H2 had breaks during the recording, and there was a large 

gap in overtones until the level of H5, which was sporadic and brief during the recording.   

 In closing, the data from the trials of speaking the days of the week and “My County 

‘Tis off Thee” were not analyzed in detail and will not be included here.  However, it can be 

noted that a general overview of the data indicated the same patterns for the [s] and [z].  

When EA was employed, there were more overtones, greater intensity in the fundamental 

and overtones, and more consistency in the overtones produced.  A discussion of the 

respiratory and acoustical data will follow in Chapter seven.   



 100 

Chapter 7:  DISCUSSION 

 

Respiratory Data 

[s] Findings 

 As was evident from the raw data shown in Chapter 6, the study findings 

suggested that EA can provide significant improvement to singing length, strength, and 

quality.  For example, the respiratory data for [s] with and without EA showed an 

increase in the rate of efficiency by age for the members of Group A.  As shown in 

sample demographics, age is a clearly confounding variable to be controlled in future 

studies; because it is unclear what effect age has on the production of the [s] or the [z] 

sounds.  In addition, the improvement for those in Group A may actually be a 

consequence of the difference in vocal experience of each of the participants and not age.  

There may also be a connection between increased efficiency in rate of air use by age, 

vocal experience, or both.  These variables will need to be controlled in future studies to 

clarify the role of these extraneous other factors. 

EA increased the efficient use of breath for singers in Group A.  However, it 

produced the opposite affect for those with no vocal training or skills (Group B).  This 

indicates that EA does not increase efficiency in non-singers.  This was an unexpected 

finding and clarifies how EA can be used for training singers.   

 When EA was added to [s], the duration for Group A increased, but Group B 

decreased.  This indicates that epigastric activity is beneficial in duration for singers, but 

disadvantageous for non-singers.  These results are similar to those mentioned above, 
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indicating epigastric activity is beneficial if the participants have at least a basic and 

functional understanding to the mechanics of breathing.   

 The [s] volume was another factor that changed with the addiction of EA.  All 

members of Group B expelled more air, while the members of Group A had varying 

results:  Some expelled less air, some the same, and some more.  It is clear that Group 

B’s epigastric activity caused the abdominals to hasten the ascent of the diaphragm, thus 

speeding the exhalation of breath.  However, each of the members of Group A reacted 

differently.  This may indicate that 1) differences in breath management strategies by 

singers can produce varying affects from EA, 2) differences in vocal experience can 

affect how the participants react to EA, or that 3) differences in an increased sample size 

could affect changes on future findings.   

The next question to address is why participant #4 of Group B reacted more like 

the members of Group A with the addition of EA.  As shown in the previous chapter, his 

durations increased while the rest of the group’s decreased, and his efficiency increased 

while the rest of the group’s decreased.  Even though he had no vocal experience, he 

played low brass instruments for several years.  This allowed him to understand and 

develop the use of his respiratory system, more like those of Group A.  This could 

account for participant #4’s reaction to the addition of epigastric activity being more 

closely reflective of Group A.   
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[z] Findings 

Interestingly, some of the trends seen in the [s] trials reversed themselves during 

the [z] trials.  For example, Group A’s efficiency increased by age with no EA for [s], but 

decreased by age in the [z] trials.  This indicates that the efficiency of rate is affected by 

the addition of phonation.  This could be caused by the additional air needed to phonate 

(see the discussion of the [s]/[z] ratio under Methods, Procedures, and Limitations).  It 

could also be an indicator of less efficient phonatory patterns as a result of age, the affect 

of years of vocal experience, or problems the participants experienced making the [s] 

sound with the mouthpiece. 

 The [z] trials measuring duration (with the addition of EA) mirrored the [s] trials 

with epigastric activity for both groups.  All of the members of Group A continued their 

pattern of an increase.  This points to a link between increased duration and epigastric 

activity for singers.  Two of the three members of Group B repeated a decrease in 

duration with EA for [z].  This further demonstrates that the addition of epigastric activity 

reduces duration in non-singers who have had no respiratory training.   

Both participant groups had the same increasing results in trials measuring 

volume with the addition of EA for [z].  As revealed in Chapter 6, the same experiment 

with [s] produced lower volumes for Group A, but greater volumes for Group B.  This 

was a surprise since it was expected that the volume of air used would decrease with EA 

to allow for longer duration, as was the case for [s].  It appears that EA may allow for 

greater use of tidal volume for singers.  This would explain the greater durational time 
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and the increased volume of air.  Further research may be able to verify if this is indeed 

the case.   

The rate of efficiency for [z] with EA decreased in the vast majority of the 

participants.  This means there was a general less efficient use of air using EA with the 

addition of phonation.  The members of Group A had varying results, indicating that EA 

had no effect, neither improving nor reducing efficiency.  The rate of efficiency for two 

of the three members of Group B decreased with the addition of epigastric activity.  This 

further adds to the previous data that EA reduces respiratory efficiency in non-singers 

and suggests that it does not increase efficiency in singers.   

Increased Efficiency and EA: 

• Singers 

• Those with Respiratory Training 

Decreased Efficiency and absence of EA: 

• Non-Singers 

• Those without Respiratory Training 

Table 7.1.  [z] Efficiency with and with out EA 

There were some general patterns that emerged in the comparison of the rates for 

[z] with EA and increased efficiency in the use of breath as opposed to without EA and 

decreased efficiency (see Table 7.1).  The results from the respiratory trials indicated that 

the participants with a functional understanding of breath management experienced 

longer duration, greater volume of air, and a more efficient rate in the management of 

breath.  The reverse was true for non-singers and those without breath management 

experience, as they recorded a decrease in duration, less volume of air, and a reduction in 

the efficient rate of breath management.   
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Acoustical Data 

[z] Without EA 

 Without EA, the participants in Group A produced more harmonics than the 

participants in Group B and those harmonics were generally more intense and consistent.  

The increased strength and proportion of harmonics of Group A, as compared with Group 

B, can be attributed to their vocal/breath management experience.   

[z] With EA 

 The addition of EA produced changes in the sound for all of the participants in 

both groups.  Unlike the respiratory experiments, the degree of vocal experience was not 

a determining factor affecting the results.  All the participants benefited from the addition 

of EA.   

The fundamental changed for all but two of the participants.  The general trend in 

change was an increase in pitch.  In chapter three, one of the factors in the change of 

pitch was shown to be an increase in subglottal pressure.  This indicates that EA 

increased subglottal pressure as the direct cause for the raise in pitch.  The acoustical 

output was more intense for all of the participants with EA, an affect of increased 

subglottal pressure.   

 The harmonics were affected by the introduction of epigastric activity, as well 

(see “The Qualities of Phonation” and “The Acoustical Properties of Phonation” in 

chapter three).  All of the participants produced harmonics that were more intense, 

increased in frequency (pitch), and were more consistent.  There was an addition of 

higher harmonics added to the spectrum.  Thus, greater intensity and consistency in the 
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harmonics was a product of increased subglottal pressure from improved breath 

management with the addition of the epigastrium.  The strength of the sound wave 

increased from the changes in vocal fold mass and function caused by greater subglottal 

pressure.  These results confirm the findings of Helen Swank, in her study of the affect of 

seven verbal directives on breath management.  She found that the fundamental and the 

harmonic series increased in intensity and stability with the addition of epigastric 

activity.
1
   

Since the fundamental increased in frequency, it was anticipated that the 

harmonics would do the same.  Indeed, the harmonics rose above the fundamentals, 

which remained the same.  The addition of the epigastrium led to a more effective breath 

management strategy.  As with the increase in pitch, subglottal pressure increased the 

frequency of the overtone series.  This creates greater vibrancy in the tone with the 

addition of higher harmonics.  Furthermore the additional high harmonics now present 

were another benefit of increased subglottal pressure from the addition of EA.  The 

strength and richness of the sound wave produced during phonation was increased.  This 

boost in phonation amplified the strength of the overtones series present in the sound.   

There was the emergence of very high harmonics above 1100 frequencies with the 

addition of EA.  This is a much sought-after acoustical skill that provides the human 

voice with greater carrying power.  It is primarily a product of breath management 

creating the requisite subglottal pressure to produce sufficient strength in the upper 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
1
 Helen Swank, “Some Verbal Directives Regarding Support Concepts and Their Effects 

Upon Resultant Sung Tone,” The NATS Journal 40 (January/February 1984): 17.   
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partials of the sound wave; it is the “ring of the voice” that provides a brilliance and 

carrying power.   

These findings validate Vennard’s claims regarding the addition of epigastric 

activity for the singers who have a working understanding of breath management.  

Furthermore, there were measurable improvements in respiration and phonation for the 

seasoned singer, as well.  This study sheds light on a previously unknown area of EA 

study.   

Affects of EA on Acoustical Output 

• More Intense Harmonics 

• More Intense Fundamental 

• More Consistent Harmonics 

• More Harmonics 

• Additional Ultra-High Harmonics 

Table 7.2. Affects of EA on Acoustical Output 

 

Methods, Procedures, and Limitations 

 

In the design for this research to test Vennard’s claim, it was assumed that these 

claims referred to non-singers as well.  On the contrary, this research proved that EA was 

not beneficial to non-singers.  It is only beneficial for those that have had some training 

in the basics of breath management, advanced students of voice, and all of those in 

between.   

 The equipment used for recording the acoustical data in these trials could not 

monitor decibels levels, thus limiting the methodology.  It was not possible to control or 

monitor the volume (intensity) of the sound produced by the participants.  This means 

that intensity could not be addressed in a conclusive or verifiable manner.  VoceVista did 

indicate stronger versus weaker levels of intensity.  For this reason, intensity was not a 
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focus of the reporting of data.  Further research is needed to properly monitor decibels to 

assure that the participants were all producing at the same levels.   

In both the respiratory and acoustical trials, some participants strived for duration 

at the sacrifice of intensity.  Perhaps they were trying to follow the instructions too 

literally, making sound for as long as they could.  This allowed them to expel breath 

longer, however it brought into question the validity of the data.  Additional research will 

need to address this issue with the use of a decibel meter to assure that the same degree of 

intensity is produced by all of the participants.   

There was a wide range of pitches chosen by each of the participants to produce 

the [z] sound.  In designing the study it was determined that the participants would chose 

their own pitch to avoid bias in having them all use the same one.  In general, the vocal 

range varies and the same pitch may be either too high or too low, affecting the quality of 

the sound produced in regards to volume, duration, and rate.  This is why the participants 

chose their own pitch to produce the [z] sound.   

The mouthpiece used in the respiratory lab posed an issue for some of the 

participants.  It was difficult for some to hold a foreign object in their mouths and 

produce the [s] and [z] sounds.  Additional time to allow them to become better 

accustomed to the masks might have helped.  At least one of the participants experienced 

problems using the mouthpiece because it was too big for their mouth.  For this reason, it 

is recommended that future researchers have more than one size mouthpiece available to 

accommodate the different mouth sizes. 
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The atmosphere of being in a research lab in general made some of the 

participants uneasy.  The study was designed to help alleviate as much of this as possible 

by explaining to the participants what would be taking place and what they would be 

asked to do during the experiments. They were also shown the lab, as well as the lab 

equipment that would be used.  It would be interesting to compare results for the same 

research done on stage with those done in the lab, though this would be impractical.   

In this study, the primary investigator, who conducted the experiments, was aware 

which of the participants were singers and non-singers.  In future research, those 

conducting the experiments should be blind to who is a member of the singer’s group or 

the non-singer’s group.  Blind research helps to minimize bias during the collection of the 

samples.   

One of the limits of this study was the possible variability in the [s]/[z] ratio.  The 

[s]/[z] ratio is a diagnostic tool developed by Dr. Daniel Boone to be used by clinicians to 

determine possible abnormalities in vocal fold function.  The premise behind the [s]/[z] 

ration is that the length of time a person is able to sustain the [s] (unvoiced sibilant) or the 

[z] (voiced sibilant) should be the same if the larynx and/or vocal folds are normal.  The 

[s]/[z] ratio, according to Boone, should be equal to one.
2
  If there are abnormal laryngeal 

pathologies, the [z] may be shorter or longer, since it will take more or less air to make 

the vocal folds function.  However, there have been studies suggesting that there are 

differences in the [s]/[z] ratio in normal voices.  Some of the reasons for this are 

laryngeal valving, differences in intensity, inconsistency in the production of [s] and [z], 

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
2
 Marylou Pausewang Gelfer and John Pazera, “Maximum Duration of Sustained /s/ and 

/z/ and the s/z Ratio With Controlled Intensity,” Journal of Voice, 20, No. 3 (2006): 369.   
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and the sex of the individual.  For this reason, the [s]/[z] ratio of one cannot necessarily 

be expected.   

The [s]/[z] ratio relates to this research because the phonemes [s] and [z] were 

used for the two trials determining the effect of EA in breath management.  The [s]/[z] 

ratio in this study did not equal one, but ranged from .77 to 1.7.  For these reasons, the [s] 

and [z] data were intentionally compared with the idea that they should not be equal to 

one.   

 

The Arguments for Epigastric Assistance 

 

Some of the leading and most influential authors on voice pedagogy and science 

have commented on epigastric activity in singing.  They include:  John Lester, Lee 

Hardy, Anthony Frisell, William Vennard, Ralph Appelman, Richard Alderson, James 

McKinney, Helen Swank, Richard Miller, Barbara Harlow, Thomas Hixon, Craig 

Timberlake, Leon Thurman, Graham Welch, and Scott McCoy.  The statements and data 

presented by these authors provide a theoretical understanding and perspective on the 

benefits of EA.  These writers indicate the following:  1) the muscular interactions of the 

rectus abdominus and the diaphragm produce the characteristic epigastric bulge, 2) the 

outward motion of the epigastrium is an indicator that the diaphragm has descended, 3) 

the student of voice can readily understand and learn to control the epigastrium, 4) the 

muscular support of the epigastrium coordinates and allows singers to sing for a longer 

duration, and 5) the fundamental frequency is strengthened when epigastric activity is 

present.  There are many advantages to adding EA in breath management.   
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These authors also indicated some dangers in the use of EA as follows:  1) it can 

be overused or carried to excess, 2) it can cause unwanted tension, 3) it is not a failsafe 

indicator of proper breath management, and 4) it cannot be accomplished by some 

individuals.  It is clear from these statements that the epigastrium is an important 

component in the strategy for managing the singer’s breath, though only if it is correctly 

produced.  Considering its benefits, the epigastrium seems to be an under-utilized 

element in breath management.  The value of EA cannot be understated; there should be 

more written about it and a greater understanding among teachers as to its merits.  If this 

data was embraced and used by teachers and their students, there would be significant 

benefits to the quality and success of the individual singer and the singing produced.   

 

The Influence of Breath Management on Phonation 

 

The influence of breath management on phonation determines the characteristics 

of the subglottal pressure.  The proportion of air pressure versus airflow determines the 

structure and the function of the vocal folds during phonation.  The ratio of the open and 

closed phases of the glottis is a direct product of the mass and structure of the vocal folds.  

Finally, glottal function controls the quality of the sound wave that is produced.  

Intensity, pitch, and timbre are the basic elements that the breath directly determines via 

glottal function.   

This is why breath management is so critical to proper singing.  Epigastric action, 

as part of a breath management strategy, directly affects and adjusts subglottal pressure.  

In considering the fact that breath management is the decisive factor in quality singing, 
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one wonders why there is not more importance placed upon it by teachers.  More time 

should be spent explaining the pivotal role of breathing in singing before moving on to 

the application of singing.  Far too many teachers give breathing a cursory treatment 

during vocal training.  They are too interested in getting to what they feel are the more 

important technical issues with the voice.  It is possible that these other issues would 

resolve themselves if proper breathing technique were functioning before moving onto 

the technicalities of tone production. 

 

A New Perspective on the Physiology of Breathing 

 

An outgrowth of this research was a new perspective on the physiology of 

breathing to assist the focus of the voice teacher during instruction of technique.  The 

student needs to understand the following for the production of proper breath 

management for singing:  posture, the framework of the body, the musculature, the lungs, 

and the epigastrium.  Chapter two comprised a detailed examination for the teacher and a 

functional explanation for the student.  For teachers, a thorough understanding will allow 

them to detect proper versus improper breathing technique and help them in choosing the 

best-suited approach for each student.  This choice will be based upon the student’s body 

type, voice, physical peculiarities, and personality, instead of the one size fits all” method 

that many students are taught.  This knowledge will assist the teacher in helping the 

student to apply the chosen method successfully because they are thoroughly versed in 

the action of the breathing muscles that produce the sound.  For the student, a functional 

knowledge of the physiology will allow them to better grasp and master the method being 
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taught.  This will allow them to avoid pitfalls in execution.  A limited, yet functional 

knowledge of the physiology of breathing will help the student to avoid the possibility of 

becoming overloaded with knowledge that is counterproductive as they are learning how 

to sing and work with an instructor.   

 

Literature Review 

 

This investigation began with research of the voice pedagogy literature for 

information on breath management strategies.  In reviewing the literature published since 

1900 on voice training, many sources did not address breath management, were 

meaningless, erroneous, confusing, or contradictory.  For the reader, this leads to 

confusion and frustration in their attempts to effectively understand and correctly produce 

a viable method of breath management.  Their works were not included in this treatise.  

Confusion and misunderstanding contribute to the mystification and lack of consensus 

around the differing methods of breath management.   

One of the main problems that arose from the findings of voice science 

researchers has been that this data is impossible for the layman to understand.  In 

addition, the works of authors such as Hixon, Hoit, or Watson, which are paramount to 

the understanding of the functioning of the voice, are all but unknown outside of the field 

of voice science.  However, many useful and beneficial ideas and methods for managing 

the breath have been generated by others.  Some of the most respected authors on vocal 

pedagogy of the last five decades, William Vennard, Ralph Appleman, Richard Miller, 
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and Scott McCoy, have addressed breath management using a style of prose that allows 

them to present complicated material to the common man, making it accessible to all.   

There are many methods of breath management, but of those that are viable, they 

hold in common the use of one or more of the following elements:  the diaphragm, the 

abdominals, and the intercostals.  Generally, the systems of breath management fall into 

one of three camps:  the “down-and-out,” the “up-and-in,” or the “appoggio” method.  

EA is of practical use in all except the “down-and-out” method.   

 

Conclusions 

 

The significance of this work addresses the need for more information on the role 

of the epigastrium in breath management.  This is the first exhaustive review of the 

epigastrium taken from the vocal pedagogy literature.  The combined statements of the 

reviewed authors provide both compelling arguments for and against using EA in 

singing.   

Some skeptics believe that the much neglected and unexamined data regarding the 

epigastrium reflects a commonly held prejudice against it.  According to the author, there 

are a core set of negative beliefs around the use of the epigastrium including: 1) that only 

mediocre singers use the epigastrium, 2) that it can become an out-of-control fetish, and 

3) that only charlatan teachers of voice use it.  These strongly held feelings against the 

role of the epigastrium do not support the research and understanding of its function.  For 

many, its value and possible benefits to breath management for singing is tangential.   
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A re-evaluation of the benefits of the epigastrium in breath management for 

singing is important and required.  Teachers of voice need to become acquainted with EA 

and singers need to no longer fear its application.  Some of the benefits from the use of 

the epigastrium include the ability to sing a longer phrase, produce a louder sound, create 

additional and more consistent overtones, and allows the voice to project in a large hall 

for the duration of a long opera.   

In most voice studios, the balance of vocal instruction is wrong.  The majority of 

vocal study is spent on the production of sound, such as throat position, laryngeal tension, 

placement, diction, interpretation, and how to sing high notes.  Many of these issues 

resolve themselves with proper breath management.  More of the instructional time in 

lessons should be spent on breathing and the proper execution of breath management.  It 

is a little known fact that alignment and breathing account for approximately 85% of the 

singing process.  At least this much time should be spent on breathing and breath 

management.  When a teacher neglects the weightier matters of breath management in 

favor of the production of sound, they are actually putting the proverbial “cart before the 

horse.”   

Far too many teachers do not have a thorough understanding and awareness of the 

role of breath management in singing.  It is impossible to phonate properly if the power 

source of the sound, the breath, does not provide the proper airflow.  This is exactly what 

is happening when a teacher focuses on issues with tone production, instead of problems 

with the breath.  If these issues are not resolved both the teacher and the student become 

frustrated.  When the teacher continues to focus on the “symptoms,” oblivious to the real 



 115 

problem stemming from faulty breath management, the problems persist.  If the issue is 

not resolved, the teacher may label the problem as a vocal flaw or a limitation in the 

ability of the student.  This is a common occurrence.  The possibility for the student to 

learn to sing properly is lost by no fault of his or her own.   

It does not help to change this pattern of neglecting proper breath management 

when one of the leading researchers in voice science, Johan Sundberg, writes that it does 

not matter how a singer breathes or manages the breath.  In light of the data on the 

influence of breath management upon phonation, this statement is short-sighted.  This 

may be because the focus of his research has been around sound production, not 

respiration.  On the other hand, there are statements that are complex and almost 

incomprehensible on the workings of the respiratory mechanism during singing, for 

instance, the quote by Ralph Appleman found on page seventy-seven of this work.  Few 

voice teachers are able to grasp material of such a complex and technical nature.  

Furthermore, information of this type does not help teachers of voice to understand the 

importance of breath management nor change the way they teach.   

Many voice teachers lack a knowledge and understanding of the physiology of 

singing.  Teachers do not know how the muscles function and interact to produce sound.  

If they did, they would stop treating the “symptoms” and start looking for the underlying 

causes.  For example, instead of exclusively focusing on laryngeal tension as the reason 

for a tight and pressed sound, they would address the lack of subglottal pressure due to 

poor breath management.  The compensatory action of the larynx (tight and grabbed 
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phonation), due to poor breath management would resolve itself once the breath is 

working properly.   

It has been this author’s experience working with voice teachers that were 

beneficial and with teachers that were not.  Frustration and discouragement are the main 

benefits that come from working with a teacher who lacks ability.  One experience with a 

particular voice teacher who taught the down-and-out method illustrates this.  After 

several months working to successfully execute this method, the author’s voice began to 

darken, his break dropped by a minor third, and he struggled to sing above a G.  When 

the author explained to the teacher these undesirable changes to his voice, the teacher felt 

that it was because the student was not executing the technique properly.  Later, during a 

session with a music coach, the author voiced his concerns about the changes to his 

voice.  The coach confided to the author that the tenors and sopranos that went to work 

with this teacher lost their top range and eventually experienced vocal problems.  In 

contrast, working with a well-qualified teacher allows the singer to progress vocally.  

Another example by the author will exemplify this.  This particular teacher felt that the 

author’s larynx was depressed, causing him to have problems accessing his high voice, 

reducing his top range, and adding weight to the voice.  The author did not realize he was 

holding the larynx down and experienced great difficulty releasing the tension that held it 

in place.  However, over the course of several weeks, the teacher introduced head voice 

exercises that cultivated a new freedom in the larynx.  This author experienced immediate 

benefits, one of which is the ability to consistently produce A flat above “tenor high C.”   
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The value of the experimental data in this treatise affirms Vennard’s supposition 

and provides the first of its kind pilot research into epigastric assistance.  The results from 

the respiratory trials using EA show that the participants with a functional understanding 

of breath management experienced longer duration, greater volume of air, and a more 

efficient rate in the management of breath.  The conclusions of the acoustical trials 

indicate EA produces a stronger fundamental and overtones, more overtones, and adds 

high overtone above 1100 hertz for singers and non-singers alike.   

Future research into EA should include a larger group of participants to increase 

the validity of the findings.  These participants should only be singers, since EA does not 

improve respiratory function in non-singers.  Singers of varying levels of skill should also 

be included to determine any differences in the affect EA has upon vocal experience.  A 

study using participants of varying ages would show the affects of age in relation to EA.  

However, the possibility of greater vocal experience would be a controlling factor for 

older singers.  Another useful study would be to measure any differences in response EA 

produces in men versus women.  This would intersect with the findings of McCoy in 

“Breath Management: Gender-Based Differences in Classical Singers” he wrote for Folia 

Phoniatrica et Logopaedica.  Other important data could be produced in a study that 

targeted the affects of EA upon different methods of breath management.  This would be 

an excellent opportunity to investigate the efficacy of EA in the “up and in,” “down and 

out,” and l’appoggio approaches to breath management.  Yet another study, could look at 

how EA affects low voices, high voices, light voices and dark voices.  This would 
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provide valuable information in assisting the voice teacher in choosing the most effective 

approach for breath management according to the student’s voice type.   

Thus, there is a need for more research regarding the effects of EA upon breath 

management.  The process of achieving superior breath management will be incomplete 

until the epigastrium is no longer ignored and considered eccentric.  Only when the full 

ramifications of EA are understood can its distinct role in breath management be 

embraced and taught.   
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Appendix A:  IRB 
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Appendix B: Consent Form 
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Appendix C: Scripts 
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Appendix D: Survey 
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Appendix E:  Respiratory Data/Graphs 
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Appendix F: Acoustical Data/Graphs 
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Appendix G:  VoceVista Data Screens 
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Participant 1 Z with Fist 
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Participant 2 Z without Fist 
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Participant 2 Z with Fist 
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Participant 3 Z without Fist 
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Participant 3 Z with Fist 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 158 

Participant 4 Z without Fist 
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Participant 4 Z with Fist 
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Participant 5 Z without Fist 
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Participant 5 Z with Fist 
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Participant 6 Z without Fist 
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Participant 6 Z with Fist 
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Walnut Creek.  From 2004 to 2006 he taught voice as an adjunct at Patten University in 

Oakland, California.  He began pursuing his Doctorate of Musical Arts at the University 

of Texas in the fall of 2006.  Dr. Davis credits Richard Drews, Richard Riley, and 

Professor William Lewis for teaching him how to sing the Bel Canto repertoire that 

compliments his high, light, and flexibly distinctive “leggiero” voice.   
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