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ABSTRACT 

Anteroposterior diameter changes of the rib cage and abdomen 

were measured during respiratory speaking, and singing activities in 

six adult male subjects. All were baritones who had extensive 

classical singing training and performance experience. Data were 

charted to solve for lung volume, relative volume displacements of the 

rib cage and abdomen, chest wall configuration, and inferred muscular-

activities. Speaking activities were performed in a manner generally 

consistent with those in which untrained subjects are known to perform. 

Singing activities were accomplished in manners generally different 

from those in which untrained subjects are known to perform. Speaking 

and singing performances by the subjects revealed marked differences in 

the kinematic behavior of the chest wall. Subjects' descriptions of 

their singing performances bore l itt le, or no, correspondence to the 

manner in which they used the respiratory apparatus for the inspiratory 

or expiratory phases of the respiratory cycle associated with classical 

singi ng 

vi i  



CHAPTER 1 

INTRODUCTION 

At one level, singing is a complex biomechanical process. 

Although this process is unitary, i t is often conceptualized as 

involving respiratory, laryngeal, velopharyngeal-nasal, and oral 

components of function. A rich folklore exists concerning the bio

mechanical process of singing, there seeming to be nearly as many 

opinions about the process as there are teachers of singing and 

singers. Unfortunately, instrumental investigations of the biomechan

ical bases of singing are relatively few in number. This is under

standable because many biomechanical methodologies are invasive to the 

singing process and the singer, and most trained singers are highly 

protective of their vocal "instruments". 

The present investigation sought to apply modern research 

techniques to the study of respiratory function for speaking and 

singing in a group of highly trained singers. It was intended that the 

investigation be of value in several regards: First, that i t would 

provide information relative to the nature of respiratory control in 

trained singers; second, that i t would provide a data base of use to 

teachers of singing and to students of singing, that might lead to 

improved instructional procedures; third, that i t would provide 

information concerning the degree to which singers' descriptions about 

how they thought they breathed during singing corresponded to the 

1 
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respiratory events associated with their actual performances; and, 

fourth, that i t would provide insights relative to functional 

differences between speaking and singing that might advance our 

knowledge of the contrasts between these two and that might be of value 

in evaluation and management concerns in clinical practice. 

It seemed reasonable to pursue these intentions by studying 

classical singers, those trained to perform operatic, song, and 

oratoric literatures. Such singers probably receive more formal 

training than other types of singers and i t is around their art that 

the most passionate and expanded controversies have developed with 

regard to the use of the respiratory apparatus for performance. 

Furthermore, classical singing is among the most physically demanding 

of singing styles because i t is done without amplification, goes on for 

prolonged periods, and taxes essentially the entire gamut of vocal 

ability. Finally, most would agree that classical singers are at the 

top of the technical hierarchy of singing. They are the trained 

singer's singer. 

The method chosen to explore respiratory function in this 

investigation was the kinematic procedure of Hixon, Goldman, and Mead 

(1973). This procedure is advantageous because i t is noninvasive and 

requires l itt le experimental sophistication on the part of those being 

studied. Previous investigations have demonstrated that relatively 

comprehensive accounts of respiratory function can be provided using 

t h i s  a p p r o a c h ,  w h e t h e r  t h e y  b e  f o r  n o r m a l  i n d i v i d u a l s  ( H i x o n  e t  a l . ,  

1973; Hixon, Mead, and Goldman, 1976), or for individuals with a 

variety of disorders (Forner and Hixon, 1977; Hixon, 1982; Hixon and 



3  

Putnam, 1983; Hixon, Putnam, and Sharp, 1983; Putnam and Hixon, 1983). 

These same investigations also have shown that accurate determinations 

can be made as to the inherent and volitional forces involved in 

different respiratory activities. 



CHAPTER 2 

METHOD 

Subjects 

Six normal adult males served as subjects. Selected data on 

their physical characteristics are presented in Table 1. Subject 

choice was guided by the desire to include individuals who had exten

sive classical singing training and performance experience, and who 

were of a single gender and voice classification. Extensive singing 

training was defined to include subjects who had studied classical 

singing for at least five years beyond high school and had completed 

graduate training, or were in graduate training, in vocal performance 

or choral conducting. Extensive singing experience was defined to 

include subjects who had performed widely in opera, oratorio or 

concert, and/or graduate recital. All of the subjects were baritones. 

Years of classical singing training, performance experience, and 

competition awards of individual subjects are summarized in Table 2. 

Subjects are l isted down the table in order of decreasing years of 

training. 

4  
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Table 1. Selected data on the physical characteristics of the 
subjects studied. 

Age Height Weight Vital Capacity 
Subject (yr) (cm) (kg) (L--ATPS) 

TA 38 188.0 88.6 4.7 

DM 31 175.3 81.8 4.4 

PW 31 182.9 81.8 4.6 

WL 30 195.6 87.3 4.6 

JD 26 182.9 72.7 5.1 

SF 23 188.0 100.0 5.6 
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Table 2. Years of classical singing training, performance experience, 
and competition awards of the subjects studied. 

TA 

TA had studied classical singing for twenty years and was 

completing a Doctor of Musical Arts degree in choral conducting, 

with a minor in vocal performance. His operatic performance 

experience included two major roles with the Denver Opera Company, 

four major roles with the Arizona Opera Company, one major role 

with an opera company in Greely, one major role with an opera 

company in El Paso, and ten major roles in university or college 

productions. He was also Artist in Residence with the Arizona 

Opera Company. TA had performed ten oratorio roles with civic 

music organizations, and had performed four graduate recitals. He 

had won or placed in the following competitions: Regional f inalist 

in the Metropolitan Opera Auditions; Top-ten winner of the San 

Diego Opera Auditions; First place winner in the graduate men's 

division of the Colorado-Wyoming National Association of Teachers 

of Singing Contest; Vocal division winner of the University of 

Arizona President's Contest Competition; and, First place winner in 

the graduate division of the Northern Colorado Symphony Orchestra's 

Concerto Contest. 

DM 

DM had studied classical singing for twelve years and had completed 

a Doctor of Musical Arts degree in vocal performance. His operatic 

performance experience included eight major roles with the Arizona 
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Table 2 (Continued) 

Opera Company, two major roles in civic opera productions, and 

twelve major roles in university or college productions. He had 

also been a soloist with the Pittsburgh Symphony Orchestra. DM had 

performed five graduate recitals, and was twice a district winner 

in the Metropolitan Opera Auditions. In addition, he was a winner 

in the San Francisco Opera Auditions and participated in the San 

Francisco Merola Program. 

_PW 

PW had studied classical singing for ten years and had completed a 

Master of Music degree in vocal performance. His operatic perform

ance experience included one major role with a civic opera pro

duction and five major roles in university or college productions. 

PW had been a soloist in a university production of an oratorio, 

and had completed two graduate recitals. 

WL 

WL had studied classical singing for ten years and was completing a 

Doctor of Musical Arts Degree in choral conducting. His operatic 

performance experience included two major roles in university 

productions. He had been a soloist in one civic music organiza

tion's production of an oratorio. 

JD 

JD had studied classical singing for six years and was completing 

a Master of Music degree in vocal performance. His operatic 
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Table 2 (Continued) 

performance experience included one major role with the Albuquerque 

Opera Theater, and two major roles in university or college 

productions. He had been a soloist for one university production 

of an oratorio. 

SF 

SF had studied classical singing for five years and was completing 

a Master of Music degree in vocal performance. He had performed 

three major operatic roles in university or college productions. 

SF had completed one graduate recital. 
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Observation Conditions 

Observations were made under conditions resembling a vocal 

recital. The performance site was a church auditorium that was similar 

to a music hall. The auditorium had a high wooden ceiling and plaster 

walls. It was furnished with padded seats and carpeting and had a 

seating capacity of approximately nine hundred. At the front of the 

auditorium was a well-l ighted stage that was raised four feet off the 

main floor. The stage's dimensions were approximately 40 ft. across 

and 10 ft. deep. A baby grand piano, used to accompany the subjects 

during the singing activities, was placed toward the front and in the 

center of the stage. 

Subjects stood on stage in the crook of the piano, facing out 

toward the auditorium (see Figure 1). A music stand was placed in 

front of them. Subjects were instructed not to move around unduly or 

raise their arms. They were permitted to place their hand(s) on either 

the piano or the music stand before they began each activity; however, 

having done so, they were not to change their placement during that 

activity. Each subject wore a loose drape over his torso. 

Six individuals, who were either in charge of or assisting with 

the investigation, served as an audience. These included two inves

tigators, an accompanist, a page turner who assisted the accompanist, 

an individual who operated video equipment, and an individual who 

operated audio equipment. An attempt was made to put a l ive perform

ance "edge" on the subjects so that, for the singing activities, they 

would use their best technical ability. To accomplish this, the 

subjects were told, and truthfully so, that their performances were 
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being video taped for later viewing and l istening by highly-experienced 

and nationally-known singing teachers. 

Procedure 

Two weeks before participation in the investigation, each 

subject was given a form to complete and musical scores of the songs he 

was to perform in common with the other subjects. The form carried the 

instruction to write separate descriptions of how the subject believed 

he inspired and expired during classical singing. Musical scores were 

distributed so the subject could familiarize himself with the music and 

practice his performance. Each subject was also asked to be prepared 

to sing an aria of his choice during the investigation, one with which 

he was intimately familiar, which he had practiced extensively, which 

was demanding but within his perceived technical ability, and which 

favorably displayed his singing skill. 

For the investigation proper, three types of observations were 

made: audio recordings, audio-video recordings, and recordings of the 

kinematic behavior of the respiratory apparatus. Figure 1 is a 

schematic diagram of the instrumentation used. 

Audio and audio-video recordings were made with standard high-

quality recording instrumentation systems. For audio recording, the 

acoustic signal was sensed with an air microphone, amplified, and 

recorded on a reel-to-reel tape recorder. For audio-video recording, 

the acoustic signal was sensed with another air microphone and 

amplified, while the video signal was sensed by a color video camera. 

The audio-video combination was recorded on an audio-video cassette 
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recorder. To enable synchronization of the audio and audio-video 

recordings with recordings of the kinematic behavior of the respiratory 

apparatus, a third air microphone was used to sense the acoustic 

signal; its output was amplified and fed to a direct record channel of 

an FM instrumentation tape recorder whose other channels (see 

discussion below) recorded kinematic data for respiratory events. 

Kinematic data were obtained using a streamlined form of the 

method of Hixon et al. (1973). Basically, this method treats the chest 

wall as a two-part system consisting of the rib cage and abdomen. Each 

of these parts displaces volume as i t moves, and together they displace 

a volume equal to that displaced by the lungs. Volume changes of the 

rib cage and the abdomen are linearly related to changes in their 

respective anteroposterior diameters. Therefore, only diameter changes 

need to be determined to obtain measures of the volumes displaced by 

the individual parts and the lungs. In the present investigation, 

these diameter changes were sensed with magnetometers, electromagnetic 

coil pairs that provide a voltage analog of the distance between them. 

Two such pairs were used, one for the rib cage and one for the abdomen. 

A generator coil in each pair was attached to the front of the torso at 

the midline, that for the rib cage between the nipples and that for the 

abdomen just above the navel. A sensor coil in each pair was attached 

to the back of the torso at the midline and at the same level axially 

as its generator mate. Output signals from the two sensors were 

processed electronically and stored on FM tape. 

Our modified form of the Hixon et al. (1973) method required 

that the subject performed several respiratory activities. These 



included vital capacity maneuvers, muscular relaxations of the 

respiratory apparatus at different lung volumes, and isovolume shape 

change maneuvers of the respiratory apparatus at a single lung volume. 

Vital capacity maneuvers were performed to provide physical reference 

data on the subjects and to establish a standard metric for normaliza

tion across the subject group. Three such maneuvers were performed. 

For each, the subject (wearing a noseclip) inspired maximally, placed 

his lips around a tubular mouthpiece attached to a spirometer, and 

expired maximally. The largest of the measured expiratory volume 

displacements was taken as the subject's vital capacity. Muscular 

relaxations were performed at the total lung capacity (TLC), the 

functional residual capacity (FRC), and the residual volume (RV). For 

these, each subject used his respiratory muscles to adjust lung volume 

to the appropriate level, at which he closed his larynx and relaxed his 

respiratory apparatus completely. Muscular relaxations were performed 

because of their value in "1andmarking" subsequently generated data 

charts in a manner that facilitates inferences concerning the muscular 

mechanisms operating on the chest wall during various activities. 

Isovolume maneuvers were performed several times at FRC. For these, 

the subject fixed his lung volume, closed his larynx, and slowly 

displaced volume back and forth between his rib cage and abdomen by 

alternately moving his abdominal wall inward and outward. Isovolume 

maneuvers were performed because of the interpretive convenience they 

afford in subsequently generated data charts in that they can be used 

to empirically calibrate the diameter-volume relationships of the rib 

cage and the abdomen. 
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Each subject performed four speaking activities. For the first 

of these, the subject engaged in approximately two minutes of 

spontaneous conversation on an innocuous topic with the investigators. 

The second speaking activity involved the subject's reading aloud a 

standard declarative passage, the first paragraph of "The Rainbow 

Passage" by Fairbanks (1960), in what he judged to be a typical manner. 

The third activity repeated the second, except that the subject read 

the passage at what he judged to be twice normal loudness. For the 

last of the speaking activities, the subject read, from a musical 

score, the words to the first verse of the American national anthem, 

" he Star Spangled Banner" attributed to Smith. This last ctivity was 

done to enable a subsequent comparison between each subject's reading 

and singing of the same text. 

Each subject performed four singing activities. These included 

the singing of "The Star Spangled Banner", two Italian songs ("Amarill i 

mia Bella" by Caccini and "Che Fiero Costume" by Legrenzi), and an aria 

of his choice. The American national anthem was chosen because all the 

subjects were intimately familiar with it and because the data 

generated during its performance could be compared to data obtained for 

its performance by untrained subjects in the investigation by Hixon et 

al. (1973). The "Star Spangled Banner" was sung in A Flat Major and 
i  b 

covered a range from A<? - E .  It is characterized musically as 

vigorous and fortissimo. The two Italian songs chosen, "Amarill i mia 

Bella" and "Che Fiero Costume" are from the same musical period, were 

performed in F Minor, and encompassed approximately the same ranges 

(Ci - D and Cj - F, respectively). These songs are contrasting in that 



"Amarill i mia Bella" is slow and sustained while "Che Fiero Costume" is 

fast and declarative and involves vigorous facile pronunciation. 

"Amarill i mia Bella" was performed at a tempo of 60 beats per minute 

and at an utterance rate of approximately .63 syllables per second. 

"Che Fiero Costume" was performed at a tempo of 76 beats per minute and 

at an utterance rate of about 2.6 syllables per second. Table 3 

provides selected information on the arias chosen by the subjects. As 

is indicated in the table, the arias included encompassed a wide 

variety of musical characteristics and were performed in four 

languages (two in French, two in Italian, one in German, and one in 

Engli sh). 
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Table 3. Selected information on the arias performed by the subjects 
studi ed. 

TA 

Title: "Avant de Quitter" 

Source: Faust 

Composer: Gounod 

Language: French 

Key: E Flat Major 

Range: C^ - G 

Musical Characteristics: One section sustained with 

tessitura, and one section declarative with vigorous 

DM 

Title: "Pierrot's Tanzlied" 

Source: Die Tote Stadt 

Composer: Korngold 

Language: German 

Key: D Flat Major 

b b 
Range: D^ - G 

Musical Chracteristies: Slow and sustained with a high tessitura 

and high pianissimo singing. 

a high 

singing. 



Table 3 (Continued) 

PW 

Title: "Avant de Quitter" 

Source: Faust 

Composter: Gounod 

Language: French 

Key: D Flat Major 

b 
Range: B2 - F 

Musical Characteristics: Same as described for Subject TA above. 

WL 

Title: "But Who May Abide the Day of His Coming" 

Source: The Messiah 

Composer: Handel 

Language: English 

Key: D Minor 

Range: G2 - E 

Musical Characteristics: One section slow and sustained and one 

section vigorous and florid. 
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Table 3 (Continued) 

JD 

Title: "Deh Vieni alia Finestra" 

Source: Don Giovanni 

Composer: Mozart 

Language: Italian 

Key: D Major 

Range: D^ - E 

Musical Characteristics: Primarily legato singing. 

SF 

Title: "Eri Tu che Macchiavi" 

Source: Un Ballo Maschera 

Composer: Verdi 

Language: Italian 

Key: F Major 

Range: Cj - G 

Musical Characteristics: Sustained and dramatic with a high 

tessitura. 
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Data Charts: Formation and Interpretation 

Upon tape playback into the storage oscilloscope, data charts 

were formed in which the anteroposterior diameter of the rib cage, 

increasing upward on the y axis, was displayed against the antero

posterior diameter of the abdomen, increasing rightward on the x axis. 

To facilitate the reading of volume displacements from the charts, 

chart axes were converted electronically from diameters to displace

ments. This was done empirically by adjusting the amplifier gains on 

the y and x channels of the oscilloscope during repeated playing of 

each subject's performance of the isovolume maneuver at FRC until the 

resulting isovolume line on the screen had a slope of -1 (see 

Figure 2). In conjunction with the conversion of the y and x axes of 

the charts from diameters to displacements, a third displacement axis 

also was added. This axis displayed the volume displacement of the 

lungs, the sum of the rib cage volume and abdominal volume represented 

by each point on the charts. On this axis, running at a 45° diagonal, 

lung volume increases upward and rightward. With data charts so 

formed, i t was possible to read them directly for (a) the volumes of 

the rib cage and the abdomen, given by position along their respective 

axes, (b) the relative volume displacement of the two parts, given by 

the slope of any pathway formed, and (c) the volume displacement of the 

lungs, given by the distance between any two points parallel to the 

third axis on the charts. 
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CHAPTER 3 

RESULTS 

Respiratory Activities 

Figures 3-8 contain kinematic data representative of those 

obtained from the six subjects studied. Respiratory activities data 

are shown in the upper leftmost panels of the figures and are 

reproduced selectively for reference in the remaining eight panels for 

each subject. The upper and lower unfil led circles in each panel 

designate the relative volumes obtained during relaxation against a 

closed larynx at the total lung capacity (TLC) and at the residual 

volume (RV), respectively. The f i l led circle in each panel specifies 

the relative volumes obtained during relaxation against a closed larynx 

at the functional residual capacity (FRC). The functional residual 

capacity proved to l ie at approximately the 40 percent vital capacity 

(40% VC) level for each subject. The curved dashed l ine in each panel 

is an estimation of the series of relative volumes that presumably 

would have been obtained had the subject been required to relax against 

a closed larynx at all different lung volumes between TLC and RV. The 

resulting line describes each subject's relative volume relaxation 

characteristic. Estimations are based on relaxation characteristies 

generated in previous investigations by normal adult males who were 

determined to be excellent relaxers (Hixon et al., 1973; Hixon et al., 

1976). The solid diagonal l ine in each panel represents the adjusted 

21 
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(to -1 slope) FRC isovolume line. Actual FRC isovolume tracings were 

f lat loops or single lines, each being linear or approximately so. The 

three dashed diagonal l ines in each respiratory activities panel are 

estimations of isovolume tracings that presumably would have been 

obtained had the subjects been required to perform isovolume maneuvers 

at 20, 60 and 80% VC. Estimations are based on isovolume line data 

obtained in previous investigations of normal adult males (Hixon et 

al., 1973; Hixon et al., 1976). As can be seen in Figures 3-8, the 

relative volume data for respiratory activities are qualitatively 

similar across subjects. Both the rib cage and abdomen decrease with 

lung volume, while over the entire vital capacity range the volume 

change of the rib cage exceeds that of the abdomen. For each subject, 

the major part of rib cage volume change occurs above FRC, while the 

major part of abdominal volume change occurs below FRC. 

Speaking Activities 

Speaking activities data are shown in the remaining four upper 

panels of Figures 3-8 and include observations for conversation, normal 

reading, loud reading, and anthem reading. Three data tracings are 

shown in each panel. These were judged to be representative of the 

variety of tracings obtained for each of the activities. The 

discussion which follows, however, is based on the entire data pool 

from which these tracings were chosen for display. Tracings in each 

panel are for individual respiratory cycles, including both inspiration 

and expiration (the utterance breath group). Dots on the tracings 

specify inspiratory starting positions, except for two instances for 
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the normal reading of Subject JD in which inspiratory and expiratory 

portions of the tracings were superimposed. 

Lung Volume. 

For the vast majority of tracings for speaking activities, lung 

volume was restricted to the midrange of the vital capacity (the middle 

50% VC). Almost without exception, utterance breath groups were 

initiated from above FRC. For conversation, normal reading, and anthem 

reading, the majority of breath groups started from within a range of 

lung volumes encompassing approximately 70-50% VC. Findings were mixed 

with regard to the initiation levels for loud reading. Subjects TA, 

DM, and PW often started breath groups for loud reading from substan

tially higher lung volumes (usually about 10-25% VC higher) than those 

from which they typically started other speaking activities, while 

Subjects JD, WL, and SF started breath groups for loud reading from 

about the same average lung volume levels as they used for other speak

ing activities. 

For the most part, breath groups during speaking activities 

were terminated in the vicinity of FRC (typically between 50 and 30% 

VC). The most notable exceptions to this trend were certain breath 

groups of Subject PW which encroached significantly upon the expiratory 

reserve volume (ERV). 

Most subjects typically displaced 10-25% VC during the 

inspiratory and expiratory excursions associated with conversation, 

normal reading, and anthem reading. Subject PW, the most notable 

exception, displaced volumes in excess of 25% VC on frequent occasions. 



For loud reading, the findings were mixed with regard to typical 

excursions. Subjects DM and PW demonstrated excursions that routinely 

exceeded those for other speaking activities, while the remaining 

subjects showed only an occasional larger excursion for loud reading 

(for example, see loud reading for Subject TA). 

Relative Volume Displacements of the Rib Cage and Abdomen. 

Lung volume changes resulted from a wide variety of relative 

displacements by the rib cage and abdomen. Not only did the relative 

contribution of the two chest wall parts differ among subjects, speech 

activities, and within speech activities, it also often changed within 

single inspiratory or expiratory phases of the respiratory cycle. 

With regard to the inspiratory phase of the cycle, slopes of 

the data tracings revealed that, for most of the subjects (TA, PW, JD, 

WL, and SF), the volume contribution of the rib cage typically exceeded 

that of the abdomen. In some instances for these subjects, a predom

inant rib cage displacement characterized the first part of the lung 

volume change, followed by equal rib cage and abdominal displacements 

as inspiration proceeded (for example, see certain tracings for 

Subjects TA and PW). In other instances for the same subjects, the 

converse was true (for example, see certain tracings for Subject WL). 

Only Subject DM showed inspirations in which the relative contribution 

of the abdomen characteristically exceeded that of the rib cage. In 

his case, abdominal displacement typically predominated for much of the 

inspiration, followed by a tendency toward equal rib cage and abdominal 

contributions, followed in turn, in some instances, by a predominant 
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rib cage contribution. For some inspirations, Subject DM demonstrated 

paradoxical movement of the rib cage during the first portion of the 

inspiration. That is, although the volume displacements of the lungs 

and abdomen were in the inspiratory direction, the displacement of the 

rib cage was in the expiratory direction (for example, see loud reading 

data for DM). 

Turning to the expiratory, or breath group, phase of the 

respiratory cycle, slopes of the data tracings revealed a wide range of 

relative volume displacement differences among the subjects. 

Generally, the extremes of relative contribution occurred for Subjects 

PW and DM. Subject PW typically showed a preponderance of rib cage 

displacement during his breath groups, while Subject DM demonstrated a 

preponderance of abdominal displacement. Other subjects demonstrated 

relative contributions that generally fell between the extremes noted 

(for example, see the variety of slopes in the data for Subject TA), 

with there being a tendency, on the whole, for the remainder of the 

group to demonstrate a predominance of rib cage displacement over 

abdominal displacement. 

No consistent trends in relative volume displacements of the 

rib cage and abdomen were noted across the different speaking 

activities for the subject group. Subjects who demonstrated 

differences did so idiosyncratically (for example, see normal versus 

loud reading for Subject TA versus Subject JD). 

It should be noted that the relative volume contributions of 

the rib cage and abdomen often changed markedly within single breath 
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groups. These changes differed in kind, some going from essentially 

all rib cage contribution to all abdominal contribution, or vice versa 

(for example, see certain data tracings for Subjects TA and DM). 

Involved in certain of these within-expiration changes were paradoxical 

movements of either the rib cage or the abdomen, particularly the 

latter, in which one or the other of the chest wall parts moved in the 

inspiratory direction during part of the breath group. An example of 

rib cage paradoxing is shown in the middle loud-reading tracing for 

Subject DM, while examples of abdominal paradoxing are i l lustrated in 

the anthem reading tracings for Subject SF. 

Separate Volumes of the Rib Cage and Abdomen: 
Chest Wall Configuration. 

Nearly all speaking activities were performed within the range 

of rib cage and abdominal volumes associated with relaxation at TLC and 

RV. With rare exception for most subjects, the volume of the rib cage 

was always in excess of that obtained during relaxation at FRC. 

Subject PW departed from this trend most often. On occasions, he 

encroached significantly upon the ERV (for example, see his three 

reading activities). For conversation, normal reading, and anthem 

reading, the great majority of breath groups were initiated within a 

range of rib cage volumes encompassed by volumes attained during 

relaxation at approximately 80-60% VC. Subjects PW and JD initiated 

some of their breath groups from appreciably higher rib cage volumes 

(for example, see PW's data tracings for conversation). Breath groups 

associated with loud readings were initiated at higher rib cage volumes 
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than for normal-1oudness speaking activities in some subjects (for 

example, see Subjects TA and DM), while for others, loudness did not 

systematically affect the starting rib cage volume. 

For the most part, speaking activities were terminated at rib 

cage volumes encompassing a range between rib cage sizes assumed during 

relaxation at 60-40% VC. Exceptions at the lower end of this range 

were confined almost exclusively to Subject PW, while exceptions at the 

higher volume end involved mainly the loud reading of Subjects TA and 

DM. 

Typical rib cage volume excursions for conversation, normal 

reading, and arjthem reading encompassed changes on the order of 10-20% 

VC changes in relaxed rib cage volume through the vital capacity 

midrange. Subject PW was a notable exception, in that he tended to use 

somewhat larger rib cage excursions routinely. For loud reading there 

was a trend among half of the subjects (TA, DM, and PW) to use rib cage 

volume excursions that were greater than those associated with the 

other speaking activities. 

Turning to the abdomen, i t can be seen in Figures 3-8 that, for 

the most part, during speaking activities, the volume of the abdomen 

was maintained at or below the volume obtained during relaxation at 

FRC. For conversation, normal reading, and anthem reading, the 

majority of breath groups were initiated within a range of abdominal 

volumes encompassed by volumes attained during relaxation at about 

40-20% VC. Subject DM proved to be an exception to this range on the 

high side at times (for example, see his normal reading and anthem 



reading data tracings), while Subject SF was a low side exception for 

his anthem reading. For loud reading, several subjects initiated 

breath groups at abdominal volumes that were larger than those obtained 

at relaxed FRC (see data tracings for TA, DM, PW, and JD). The most 

striking effect in this regard was shown by Subject DM, who at times 

started breath groups at abdominal volumes approximating the volume he 

attained during relaxation at 80% VC. 

Breath groups for speaking activities were terminated over a 

wide range of abdominal volumes, but most often within the range of 

abdominal volumes encompassed by volumes attained during relaxation at 

35% VC to RV. On occasion, Subjects TA, DM, and PW decreased the 

volume of the abdomen to magnitudes less than that at relaxed RV (for 

example, see DM's loud reading data tracings). 

Abdominal volume excrusions varied widely in magnitude among 

breath groups for the speaking activities. The majority ranged between 

those abdominal volumes associated with 10-30% VC changes upon 

relaxation. In some cases, however, excursions covered in excess of 

75% of the abdominal volume range between relaxed TLC and relaxed RV 

(for example, see loud reading for DM). 

Considering the separate volume data for the rib cage and 

abdomen during speaking activities relative to those for the subjects' 

relative volume relaxation characteristics, it can be seen that 

speaking took place to the left of the relaxation configuration of the 

chest wall in each panel in Figures 3-8. Thus, the rib cage was 

relatively more and the abdomen was relatively less expanded than they 

were in the relaxed state at the same lung volume. 



Singing Activities 

Singing activities data are shown in the lower four panels of 

Figures 3-8 and include observations for slow singing, fast singing, an 

aria, and anthem singing. Three representative data tracings are shown 

in each panel. Each tracing portrays an individual respiratory cycle, 

the inspiratory phase of which begins at the dotted end. The discus

sion which follows is based on the entire data pool from which these 

tracings were selected. 

Lung Volume. 

Lung volume for singing activities encompassed essentially the 

full range of the vital capacity. With rare exception, singing breath 

groups were initiated from above FRC. For all four singing activities, 

slow singing, fast singing, aria, and anthem singing, the great major

ity of breath groups started from within a range of lung volumes 

including approximately 90-60% VC. When exceptions occurred above the 

high end of this range, they most often involved the aria activity (for 

example, see certain data tracings for Subjects DM, WL, and JD). 

Exceptions occurring below the low end of the 90-60% VC range were 

associated with all activities but slow singing, with Subject SF con

sistently beginning his breath groups at lower than 60% VC for anthem 

singing. Findings were mixed with regard to the initiation levels used 

by different subjects for the different singing activities. Some 

subjects were relatively consistent in lung volume initiation levels 

across activities (for example, see data for PW), while others demon

strated idiosyncratic variations in starting level from one activity to 



another (for example, see data for Subjects DM and WL). Variation in 

lung volume initiation level within singing activities was often 

considerable (for example, see fast singing for Subjects TA, WL, and 

JD), with the smallest variation observed for slow singing (for 

example, see slow singing data for Subjects DM, PW, WL, and SF) 

The vast majority of singing breath groups were terminated 

below FRC. The range of lung volumes involved encompassed essentially 

the entire ERV, with the bulk of the data tracings ending at levels 

within the range of 35-15% VC. Exceptions above the high end of this 

range were most frequent for anthem singing (for example, see data for 

Subject PW), while exceptions below the low end of the range were most 

frequent for the aria activity (for example, see Subject TA, WL, and 

JD). 

A wide range of lung volume displacements occurred during the 

inspiratory and expiratory excursions associated with singing. These 

encompassed as much as essentially 100% VC to as l ittle as approxi

mately 15% VC. However, most excursions involved displacements encom

passing between 65-30% VC. Exceptions above the high end of this range 

were confined mainly to aria singing and anthem singing (for example, 

see data for Subject JD). A trend was also observed for slow singing 

to involve somewhat larger volume excursions than the other singing 

activities (for example, see data tracings for Subject SF). Within 

singing activities and subjects, considerable variability was observed 

with regard to the magnitude of change in lung volume. That is, some 

singing breath groups involved extremely large excursions and others 
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were of only moderate magnitude (for example, see Subject JD's aria 

singing data and their extremes between approximately 100% VC and 30% 

VC). 

Relative Volume Displacements of the Rib Cage and Abdomen. 

Lung volume changes during singing resulted from a wide range 

of relative volume displacements by the two chest wall parts. Relative 

contributions of the rib cage and abdomen differed among subjects, 

singing activities, and within singing activities, and also changed 

within individual inspiratory or expiratory phases of the singing 

respiration cycle. 

With regard to the inspiratory phase of the respiratory cycle, 

slopes of the data tracings revealed two principal patterns. In one, 

the volume contribution of the rib cage typically exceeded that of the 

abdomen throughout the course of inspiration (for example, see data 

tracings for Subjects PW and SF). In the other, the volume contribu

tion of the abdomen typically exceeded that of the rib cage during the 

first part of inspiration, followed by equal rib cage and abdominal 

displacements, followed, in turn, by a predominant rib cage contri

bution during the latter part of inspiration (for example, see data for 

fast singing by DM, WL, and JD). Four of the subjects used one or the 

other of these relative displacement patterns almost exclusively (see 

PW and SF versus WL and JD) while two subjects, TA and DM, tended to 

mix the two patterns. Paradoxical movements of the rib cage and/or 

abdomen were manifested during many of the inspirations. Paradoxing of 

the rib cage, where it moved in the expiratory direction while lung 
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volume was increasing, often occurred during the first part of 

inspiration (for example, see all tracings for fast singing by Subject 

JD, two of the three tracings for aria singing by Subject DM, and two 

of the three tracings for slow singing by Subject WL). Abdominal 

paradoxing, where the abdomen moved in the expiratory direction 

(inward) while lung volume was increasing, often took place during the 

first and last parts of inspiratory excursions. Examples of such 

paradoxing during the first part of inspirations can be seen in the 

fast singing and anthem singing for Subject PW, while examples for the 

last part of inspirations are apparent in the fast singing data of 

Subjects TA and DM. 

With regard to the expiratory, or singing breath group, phase 

of the respiratory cycle, two general patterns of relative volume 

displacement tended to prevail. For one of these, the volume contribu

tion of the rib cage typically was greater than that of the abdomen 

throughout most, or all of the expiratory excursion. For the other of 

the patterns, the volume contribution of the abdomen typically exceeded 

that of the rib cage during the first part of the expiratory excursion, 

followed by a shift to equal rib cage and abdominal displacements that, 

in turn, shifted to a predominant rib cage contribution during the last 

part of the excursion, or followed by a shift to a predominant rib cage 

contribution alone during the last part of expiration. Data tracings 

revealing the first of the patterns mentioned can be seen in the slow 

singing charts of Subjects PW and SF, while tracings revealing the 

second pattern described can be seen in Subject DM's slow singing chart 



and Subject JD's fast singing chart. A mixture of the two patterns 

within a single activity is revealed in Subject TA's data for slow 

singing, aria singing, and anthem singing. 

No consistent differences in relative volume displacements of 

the rib cage and abdomen were noted across the singing activities for 

the subject group. Any differences noted were idiosyncratic, as, for 

example, in the case of Subject JD who demonstrated a lesser rib cage 

contribution for many of his slow singing breath groups than for breath 

groups in his other singing activities. 

Superimposed on the general relative volume displacement pat

terns just described, were additional marked changes in the relative 

volume contributions of the rib cage and abdomen. These additional 

changes differed in kind, some involving shifts from essentially all 

rib cage contribution to all abdominal contribution, or vice versa, and 

some being characterized by paradoxical movements of either the rib 

cage or the abdomen. Examples of such marked relative contribution 

changes can be seen in the fast singing data of Subject TA and in the 

slow singing and anthem singing data of Subject JD. For the most part, 

various marked changes in relative contributions of the rib cage and 

abdomen were related to abrupt changes within the musical passages 

being sung. For example, changes to marked inward abdominal displace

ments with paradoxical outward displacements of the rib cage were 

associated with increases in loudness, stress, or high note performance 

(see the leftmost tracing for Subject PW's fast singing where he was 

"reaching" for a loud high note). For another example, changes to 



marked inward rib cage displacements with paradoxical outward 

displacements of the abdomen (that is, downward and rightward 

directionally on the charts) were often associated with utterance 

segments involving high flows from the respiratory apparatus, as in the 

case of voiceless fricative elements. 

Separate Volumes of the Rib Cage and Abdomen: 
Chest Wall Configuration. 

Singing activities were performed over a wide range of rib cage 

and abdominal volumes, including, for both chest wall parts, volumes 

outside the ranges of those associated with relaxation between TLC and 

RV. With regard to the rib cage, the volumes used extended from well 

above those obtained during relaxation at TLC to the near vicinity of 

those obtained during relaxation at RV. Almost without exception, 

singing breath groups were initiated at rib cage volumes in excess of 

the volume associated with relaxation at FRC. More specifically, the 

vast majority of breath groups were initiated by the subject group 

within a range of rib cage volumes encompassed by volumes attained 

during relaxation at approximately 100-80% VC. Subjects TA, DM, WL and 

JD often initiated breath groups at rib cage volumes equal to that for 

relaxed TLC, while Subjects WL and JD initiated some of their breath 

groups at even greater rib cage volumes than that for relaxed TLC. 

Exceptions on the low side of the 100-80% rib cage volume initiation 

range were confined mainly to Subject SF, who on occasion started 

breath groups at rib cage volumes as low as those associated with 

relaxation at 60% VC (for example, see his fast singing and anthem 

data). Starting level differences in rib cage volume did not differ 
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systematically for the subject group across activities, although for 

three subjects, TA, DM, and WL, there was a tendency for aria singing 

to involve the use of higher starting volumes than other activities, 

especially slow singing. 

For the most part, singing was terminated at rib cage volumes 

encompassing a range between rib cage sizes assumed during relaxation 

at 80% VC to FRC. Exceptions at the lower end of this range were 

confined mainly to Subject SF, who occasionally used rib cage volumes 

as small as those assumed during relaxation at 10% VC. Exceptions at 

the higher end of the range noted were attributable primarily to 

Subject DM, especially his aria singing (see Figure 4). 

Typical rib cage volume excursions for singing were on the 

order of 55-15% VC changes in relaxed rib cage volume through the vital 

capacity midrange. Subjects WL and JD were notable exceptions above 

the higher end of this range on occasion (for example, see certain 

tracings for JD's aria and anthem singing). Often exceptions below the 

lower end of the same range were Subjects TA and DM (for example, see 

tracings for DM's aria performance). 

Considering the abdomen, it may be seen in Figures 3-8 that, 

during singing activities, its volume ranged from sizes as great as 

that obtained during relaxation at 75% VC to sizes much smaller than 

that obtained during relaxation at RV. Most singing breath groups were 

initiated at abdominal volumes encompassed by the range of volumes 

attained during relaxation between approximately 60-15% VC. Exceptions 

to this range were confined mainly to the lower end for Subjects TA and 

DM (for example, see TA's data for fast singing and aria singing), and 
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mainly to the upper end for the same two subjects and Subject WL (see 

his one tracing for aria singing). Subjects differed relatively widely 

in the variation in their abdominal volume starting levels for singing 

breath groups. For example, Subjects TA and DM demonstrated a large 

range of starting volumes (usually between volumes comparable to those 

for relaxation between 75-0% VC), while Subjects PW and JD initiated 

breath groups from abdominal volumes confined to a very small range 

(usually between volumes comparable to those for relaxation between 

45-35% VC). 

Singing breath groups were terminated over a substantial range 

of abdominal volumes, but almost invariably at volumes equal to or less 

than those associated with relaxation at 15% VC. Subjects frequently 

ended singing breath groups at abdominal volumes much smaller than that 

obtained during relaxation at RV, as may be seen in the data charts for 

TA, DM, WL, and JD. 

Abdominal volume excursions varied greatly in magnitude among 

breath groups for singing. Subjects DM, WL, and JD typically used 

abdominal excursions encompassing more than the equivalent of 50% of 

the abdominal volume range between relaxed TLC and relaxed RV. In 

fact, these three subjects, at times, generated breath groups that far 

exceeded 100% *he relaxed abdominal volume range (for example, see 

their aria data where they show abdominal volume excursions as great as 

165%, 135%, and 145%, respectively). Subjects PW and SF, by contrast, 

typically performed their singing breath groups with excursions 

involving magnitudes the equivalent of less than 50% of the relaxed TLC 

to relaxed RV range of abdominal volumes (for example, see PW's slow 
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singing data). Subject TA showed a mixture of the two trends just 

mentioned, with some of his excursions being less and some being more 

than the same 50% value separating the other subjects. Differences 

across singing tasks were idiosyncratic as, for example, in Subject 

DM, who typically used greater excursions for aria singing than for the 

other singing activities (see Figure 4). 

When the separate volume data for the rib cage and abdomen are 

considered relative to those for the subjects' relative volume 

relaxation characteristics, it is apparent that singing took place to 

the left of the relaxation configuration of the chest wall in each 

chart in Figures 3-8. Thus, the rib cage was relatively more and the 

abdomen relatively less expanded than they were in the relaxed state at 

the same lung volume. In many instances, in fact, the descriptions of 

"relatively more expanded" and "relatively less expanded" represented 

near maximum departure from relaxation volumes. 

Respiratory Phase Transitions. 

To this juncture, consideration has been given to those parts 

of the singing respiration cycle associated with inspiration and the 

utterance portion of expiration. While these two represent the bulk of 

the cycle, transitions between them must be considered to complete the 

picture of singing function for certain subjects. To be considered are 

occasional inspiration-expiration transitions and expiration-

inspiration transitions. 

Inspiration-expiration transitions occurred in two forms, both 

of which amounted to a posturing or "set-up" of the chest wall between 
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the end of the inspiratory phase of the respiratory cycle and the 

beginning of the expiratory phase, or singing breath group. For both 

transition forms, lung volume remained constant but volume was dis

placed between the two parts of the chest wall in a manner akin to the 

performance of a limited, unidirectional, isovolume maneuver. Most 

often observed was a transition form in which volume was quickly 

shifted from the abdomen to the rib cage. This adjustment, il lustrated 

by the dashed tracing in the upper left data chart in Figure 9, occur

red frequently for Subject WL, less often for Subject TA, and on occa

sion for Subjects DM and JD (see Subject WL's slow singing data in 

Figure 6 for three examples). The other inspiration-expiration transi

tion form, less often observed, was one in which volume was quickly 

shifted from the rib cage to the abdomen. This adjustment, il lustrated 

by the dashed tracing in the lower left data chart in Figure 9, was 

confined to Subjects PW and SF, but was most often associated with the 

singing of Subject SF, particularly for the slow singing activity and 

the anthem singing activity. For the two forms of chest wall set-up 

observed, the magnitudes of the volume shifts between the two parts of 

the chest wall differed considerably within and between subjects. On 

some occasions the adjustments involved were of relatively small magni

tude, while on other occasions they were of considerable magnitude, 

involving rib cage and abdominal excursions equivalent to major por

tions of the ranges of excursions associated with relaxation between 

TLC and RV. 

Expiration-inspiration transitions also occurred in two forms, 

both of which involved quick decrements in lung volume in a sort of 
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"blow off" of air between the end of the singing breath group and the 

beginning of the inspiratory phase of the respiratory cycle. Blow offs 

most often preceded inspirations of relatively marked quickness. The 

magnitude of the lung volume decrease involved in these expiration-

inspiration transitions varied considerably within subjects and between 

subjects and singing activities. Subjects TA, DM, WL and JD demon

strated decrements ranging mostly between 5-10% VC, although TA and DM 

occasionally showed lung volume decreases of as much as 15-20% VC. 

Subjects PW and SF routinely showed decrements in the neighborhood of 

5% VC. The most frequently observed form of the expiration-inspiration 

transition was that in which the lung volume decrement involved a sub

stantial decrease in rib cage volume accompanied by a lesser increase 

in abdominal volume. Such an adjustment is illustrated by the dashed 

tracing in the upper right data chart in Figure 9. It should be noted 

that the decrement in rib cage volume charted there actually exceeds 

that of the lungs by an amount equal to the paradoxical inspiratory 

(outward) displacement of the abdomen. This form of expiration-

inspiration transition occurred most often in Subjects TA, DM, WL, and 

JD. The other expiration-inspiration transition form, less frequently 

occurring was one in which the blow-off of air usually was associated 

with a decrease in abdominal volume accompanied by a lesser decrease or 

no decrease in rib cage volume. This transition form was characteris

tic of the blow offs of Subjects PW and SF and is illustrated by the 

dashed tracing in the lower right chart in Figure 9. In the example 

for Subject PW shown there, both the rib cage and abdomen are involved 

in the expiratory direction during the first part of the blow off. The 
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magnitudes of excursions of the rib cage and abdomen differed 

considerably within and between subjects for the two types of 

expiration-inspiration transitions observed. For the most part, 

however, rib cage displacements predominated for the first transition 

form discussed while abdominal displacements predominated for the 

second. 

Subjects' Descriptions of Their Respiration for Singing 

Table 4 presents verbatim what each subject wrote in response 

to the request to write separate descriptions of how he inspired and 

expired during classical singing. As can be seen in the table, written 

accounts differed widely among the subjects, some being relatively 

brief and some being relatively expanded. A large number of structural 

elements were referred to by the subjects, either directly or indi

rectly, including such things as the respiratory apparatus, chest, rib 

cage, diaphragm abdomen, back, sides, mouth, nose trachea, and lungs. 

With regard to the mechanism of inspiration for singing, the 

subjects presented a broad spectrum of beliefs. Three subjects, TA, 

DM, and WL, wrote of their use of an elevated and expanded rib cage 

configuration for inspiration. Subject TA wrote of his belief that his 

diaphragm descended during inspiration as a result of air entering the 

lungs. Two subjects, DM and PW, wrote of their sensations of a down

ward and outward expansion of the abdominal area, while one subject, 

WL, wrote of an expansion and contraction of his abdomen. Subject JD 

described his sensation of low expansive breaths with outward movements 

of his lower back and sides, and Subject SF wrote solely of air flowing 



Table 4. Verbatim written descriptions of how each 
expired during classical singing. 

Subject Inspiration Description 

TA Keeping rib cage elevated and expanded 
allows air to enter lungs causing 
diaphragm to sink. 

DM I feel and/or imagine the bottom of my 
abdominal area open down and outward 
creating a huge tub. The air comes in 
through the mouth and nose, travels down 
a long pipe (about one inch in diameter), 
and begins to fi l l the tub. As the tub 
fil ls from bottom to top with air, the 
tub bottom continues to expand until the 
tub completely fi l ls with air. I do not 
draw in the air. Rather, I simply open my 
body, and the air rushes in of its own 
volition--much as air or water outside a 
vacuum container would rush into the 
container when the seal is broken. The 
chest is kept high, though not rigidly so 
that there is no interference with the 
expansion of the lungs. 

PW I attempt to feel a release and then a 
feeling of downward and outward expansion. 

studied believed he inspired and 

Expiration Description 

Keeping rib cage elevated and expanded 
allows diaphragm to l ift and push air 
out of lungs. 

The breath pours out of the mouth as if I 
were sighing, but is measured or metered 
out according to the length of the musical 
phrase, so that no air is wasted. As the 
breath pours out of the mouth, the lower 
abdominal wall (at the pelvic base) 
continues to expand down and outward. 

I try to keep the chest high and not let 
it collapse, while allowing the abdomen to 
press inward and upward. 





draw in the air. Rather, I simply open my 
body, and the air rushes in of its own 
volition—much as air or water outside a 
vacuum container would rush into the 
container when the seal is broken. The 
chest is kept high, though not rigidly so 
that there is no interference with the 
expansion of the lungs. 

PW I attempt to feel a release and then a 
feeling of downward and outward expansion. 

WL I try to breathe in the same manner whether 
singing or speaking. The body must remain 
relaxed and flexible throughout inspira
tion. Breathing is accomplished by letting 
the air "fall into the lungs" rather than 
frantically sucking in air. During 
singing the chest is normally somewhat 
expanded, so as breathing takes place the 
abdomen expands and contracts to a much 
greater degree than does the chest. 

JD I take low, expansive breaths, trying to 
feel an outward movement through my lower 
back and sides. 

SF My process of breathing during the act of 
inspiration involves a consistent flow of 
air flowing through my whole body. 

I try to keep the chest high and not let 
it collapse, while allowing the abdomen to 
press inward and upward. 

When one expires during singing the upper 
body (i.e., the chest) does not collapse, 
but remains in an expanded state as the 
abdomen narrows and allows the air to 
escape. The air is not forced from the 
body, but is released. 

As I start to sing, I try not to think of 
my expiration. Instead, I try to direct 
my attention to keeping an expansive 
feeling. I try to fight the impulse of 
"caving in" as I run out of air by keeping 
an erect posture and by using more 
support. 

The act of expiration can be explained 
very simply. It involves the same flow of 
air as in inspiration but is regulated 
very closely in the amount of air that is 
allowed to flow into the phrase, while 
utilizing the consistent flow of air 
throughout the whole body. 





through his body. Several subjects, TA, DM, and WL, wrote statements 

indicating their belief that inspiratory flow was a passive event, as 

reflected, respectively, in the following: "allows air to enter", "I 

do not draw in the air", and "letting the air 'fall into the lungs' 

rather than frantically sucking in air". One subject, WL, expressed 

that he tried to breathe in the same manner for both singing and 

speaking. Finally, one subject, DM, made indirect reference to the 

depth of inspiration taken for singing by describing the creation of a 

"huge tub". 

Concerning the mechanism of expiration for singing, the 

subjects again presented a broad spectrum of beliefs. Three subjects, 

TA, PW, and WL, wrote of their use of an elevated and expanded rib cage 

position and of not allowing the rib cage (chest) to collapse. Subject 

TA wrote of his diaphragm lifting and pushing air out of his lungs, 

while Subjects PW and WL wrote of their abdomen moving inward. Subject 

DM, in contrast to PW and WL, wrote of his lower abdominal wall 

expanding outward. Subject JD described his attempt to keep an 

" xpansive feeling" and to fight his impulse of "caving in", while 

Subject SF again wrote, as for inspiration, of using a consistent flow 

of air through his whole body. Two subjects, DM and WL, wrote in a 

manner suggestive of a belief that the expiratory phase of classical 

singing was relatively passive from a respiration viewpoint. Subject 

DM wrote that "the breath pours out of the mouth as if I were sighing" 

while Subject WL wrote that "the air is not forced from the body but 

is released". 



CHAPTER 4 

DISCUSSION 

We choose to discuss our findings with regard to the following 

topics: respiratory adjustments in speaking respiratory adjustments 

in singing, subjects' beliefs about their respiratory adjustments for 

singing versus the actual adjustments used, implications for the 

training of singers, and clinical implications. 

Respiratory Adjustments in Speaking 

Our subjects made nearly continuous adjustments in lung volume, 

rib cage volume, and abdominal volume during the act of speaking. 

Changes in lung volume were generally restricted to the midrange of the 

vital capacity, with utterances starting at volumes well above FRC 

(usually above the resting end-inspiratory level), sometimes more so 

for loud speaking, and ending at volumes in the vicinity of FRC. By 

generally restricting speaking performance to the midvolume range, our 

subjects departed minimally from the volume levels they used to fulfil l 

their usual ventilatory needs. In addition, they operated within the 

least demanding portion of their vital capacity range with respect to 

the muscular cost required against the spring-like background force 

(that is, the relaxation pressure) of the respiratory apparatus. With 

loud speaking demanding a higher driving pressure than speaking of 

normal loudness, it is likely that the shift to higher lung volume by 



some subjects for the former was to take advantage of the higher 

respiratory recoil forces available there. The volume expired by our 

subjects varied from breath group to breath group, there being a 

tendency for loud speaking to involve greater volume excursions. 

Differences in average flow, as for example between loudnesses, 

undoubtedly accounted for some of the variation observed between breath 

groups. Also undoubtedly contributing to such variation was the 

linguistic content of the utterances, including the locations of 

sentence and phrase boundaries in the material spoken. 

Although the lung volume changes associated with speaking 

activities were similar across our subjects, they were achieved through 

a wide range of relative volume contributions by the rib cage and 

abdomen. That different speakers used one or the other of the two 

parts of the chest wall relatively more to displace volume is not 

surprising and bears witness to the degrees of freedom of performance 

possible in the respiratory apparatus. The displacement strategy 

chosen by a subject and the manner in which its patterning becomes 

neurologically ingrained probably depends mainly upon how that subject 

has learned to most effectively use his respiratory muscles against the 

passive mechanical properties of his respiratory apparatus. 

For speaking, the rib cage was always maintained in a more 

expanded state and the abdomen was always maintained in a less expanded 

state than were these two in the relaxed state at the prevailing lung 

volume. The fact that the chest wall was distorted continuously from 

its relaxed configuration means that muscular forces were acting 

continuously on the respiratory apparatus. Such forces resulted in 



speaking data being positioned to the left of the presumed relaxation 

characteristics on our charts. One can reason as to the possible 

muscular mechanisms involved in speaking on the basis of the sign and 

magnitude of the muscular pressure required for utterances of the 

nature we studied. Estimates of such pressure demands are based on 

knowledge of the approximate alveolar pressures required for the 

different utterances and the typical recoil pressures available at the 

prevailing lung volumes for normal subjects. In general, positive 

muscular pressures would have been required for the speaking 

performances of our subjects. That is, muscular forces would need to 

have been provided to supplement the spring-like background force 

generated by the respiratory apparatus and these forces would have to 

have increased with decreasing lung volume during utterance. Given the 

circumstances reviewed, the muscular mechanism possibilities that could 

account for our kinematic observations for speaking include: (a) 

expiratory forces operating on the abdomen; (b) expiratory forces 

operating on the abdomen, with inspiratory forces operating to a lesser 

degree on the rib cage and/or diaphragm; and, (c) expiratory forces 

operating on both the rib cage and the abdomen, but with the latter 

predominating, without inspiratory forces operating on the diaphragm or 

with such forces operating to a lesser degree than the expiratory 

forces in operation. 

Our subjects' inspirations during speaking involved rapid 

respiratory refills that were achieved through a range of relative 

volume contributions by the rib cage and abdomen. Usually, the major 

component of displacement was associated with expansion of the rib 
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cage, accompanied by a lesser expansion of the abdomen. As is the case 

with the expiratory side of the respiratory cycle for speaking, 

variation in relative contribution on the inspiratory side is 

understandable. Also, as with the expiratory phase, inspiration took 

place on top of a generalized distortion of the chest wall from its 

relaxed configuration, namely with the rib cage more expanded and the 

abdomen less expanded than they were during rest at the corresponding 

lung volume. Inspiratory muscular forces had to be generated against 

the spring-like background recoil of the respiratory apparatus and 

increasingly so as lung volume increased in our subjects. Given the 

circumstances that prevailed, the muscular mechanism possibilities that 

could account for our kinematic observations for inspirations in 

association with speaking include: (a) inspiratory forces operating on 

the rib cage; (b) inspiratory forces operating on the rib cage, with 

inspiratory forces operating on the diaphragm and/or expiratory forces 

operating on the abdomen to a lesser degree; and, (c) inspiratory 

forces operating on the diaphragm and expiratory forces operating on 

the abdomen to a lesser degree, without expiratory forces operating on 

the rib cage, or with such forces operating to a lesser degree than 

those operating on the abdomen. 

The kinematic data obtained from our subjects' speaking 

activities are essentially identical to those obtained from other 

normal adult male subjects studied in our laboratory (Hixon et al., 

1973; Putnam and Hixon, 1983). On occasion, some of our subjects spoke 

from slightly higher lung volumes and rib cage volumes than might have 

been predicted from earlier studies. However, we attribute this to the 



54 

fact that the present subjects, because of their vocal performance 

training, occasionally may have spoken more "dramatically" than the 

vocally untrained subjects studied previously. Because the underlying 

mechanism inferred in previous studies has been verified through direct 

measurements of the actual muscular forces generated by the different 

parts of the chest wall (Hixon, et al. 1976), we can be relatively 

certain that of those muscular possibilit ies mentioned above, the 

following prevailed. For the utterance portion of the breathing cycle 

for speaking, the rib cage and abdomen exerted expiratory forces to 

drive the chest wall at a speech-specific configuration that was 

dictated largely by greater activity of the abdomen. This combintion 

of forces was the same, but heightened, for loud speaking. When 

inspiration was called for during connected speaking activities, the 

rib cage reduced its expiratory activity to zero, or so as to maintain 

a minimal expiratory tone, while the abdomen continued its major drive 

in the expiratory direction. From off of the general background 

configuration, set mainly by the abdomen, the diaphragm was activated 

and worked against the relatively taut abdomen to elevate the relaxed 

(or nearly so) rib cage. The powerful inspiratory activity of the 

diaphragm, then, restored the respiratory apparatus to a higher lung 

volume, rib cage volume, and abdominal volume, by l ift ing the rib cage 

and overpowering the active abdomen, forcing it outward despite its 

continued expiratory effort. The more subtle details of the mechanism 

discussed here are provided in the expanded explanation of connected 

speaking function offered by Hixon, et al. (1976). 
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Respiratory Adjustments in Singing 

As with speaking, the singing of our subjects was characterized 

by essentially continuous adjustments in lung volume, rib cage volume, 

and abdominal volume. Changes in lung volume were extensive, with 

individual breath groups typically beginning at relatively high lung 

volumes and continuing through a major portion of the vital capacity, 

often ending at relatively low lung volumes. In using such large 

volume strokes, our subjects departed in a major way from their usual 

t idal ventilation volumes. Because work was often involved against 

high relaxation pressures at the volume extremes, the overall muscular 

costs of our subjects' singing performances had to be high, and much 

more so than were the costs of their companion speaking performances. 

The choice of initiating singing breath groups from high lung volumes 

most l ikely had two bases. One was to capitalize on the high 

respiratory recoil forces available at such volumes, because singing, 

as loud as i t was, required relatively high driving pressures. The 

other was to provide a sufficient reserve potential in lung volume to 

fulfi l l the prolonged expiration demands associated with musical 

phrases of extended length, such as are characteristic of classical 

singing. The volumes expired by our subjects varied from one singing 

breath group to another. Several factors were undoubtedly sources of 

this variation, including the linguistic content of the sung utter

ances, the manner in which the singing activities were artistically 

interpreted by the performers, differences in average flow, as for 

example, in association with different laryngeal adjustments involved 



with different loudnesses, pitches, and qualities, and the musical 

phrasing within and between singing activities. 

Changes in lung volume during singing were accomplished by our 

subjects through a great range of relative volume contributions by the 

rib cage and abdomen. Variations in contributions were of two general 

natures, one involving relatively gradual background shifts in relative 

contribution and one involving relatively abrupt shifts tied to rapid 

adjustments of one form or another within the performance content of 

the passage being sung. Overall patterns differed a great deal across 

our subjects, revealing a variety of individual styles of chest wall 

displacement for singing. We are uncertain why individual subjects 

performed so differently with regard to relative contributions. One 

must consider the same factors discussed above for relative contribu

tion differences across subjects for speaking activities: degrees of 

freedom of performance and effective use of respiratory muscles against 

mechanical properties. There is in addition for singing however, 

another source of variation to consider. It has to do with the 

extensive instruction given in one form or another to our subjects on 

how to use the respiratory apparatus for classical singing. How such 

instruction translates to additional differences within the data from 

our subjects is unknown, but may be relevant when i t is considered that 

subject differences in relative contributions for singing far exceeded 

those for speaking. In this regard, i t is interesting to note that the 

untrained subjects in the investigation of Hixon, et al. (1973) showed 

kinematic patterns that were similar to those associated with either 
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their normal or loud reading when i t came to relative volume 

contributions. Variation associated with instruction would not, of 

course, have been a factor in the case of such untrained singers. 

As with speaking, our subjects' singing found the rib cage 

always to be maintained in a more expanded state and the abdomen always 

to be maintained in a less expanded state than were these two when 

relaxed at the corresponding lung volume. Thus, as with speaking, 

singing involved muscular forces operating continuously on the chest 

wall to distort i t from its relaxed configurations. In terms of our 

data charts, this distortion yielded data positioned to the left of the 

presumed relaxation characteristics in the displays. The general 

direction of this departure from the relaxation characteristic, while 

consistent with that for speaking performances, involved far greater 

deformation of the chest wall and very different volume histories 

(pathways) on the charts. Using analogous reasoning to that discussed 

above for speaking, and considering the data of Bouhuys, Proctor, and 

Mead (1966) and Hixon, et al. (1976), we conclude that the majority of 

most of the singing breath groups produced by our subjects involved the 

generation of positive muscular pressure which generally increased in 

magnitude with decreases in lung volume. Exceptions would include 

breath groups begun at very high lung volumes or involving soft singing 

passages, or both, in which case negative muscular pressure would 

prevail and would decrease with decreases in lung volume, followed by a 

moment of zero muscular pressure, followed, in turn, by the generation 

of increasing positive muscular pressure with further reductions in 



lung volume. Given the position of our subjects' singing data on their 

charts and the muscular pressures presumably involved, the muscular 

mechanisms that could have been functioning include: for the 

generation of negative muscular pressure, (a) inspiratory forces 

operating on the rib cage, (b) inspiratory forces operating on the rib 

cage, with inspiratory forces operating on the diaphragm and/or 

expiratory forces operating on the abdomen to a lesser degree, and (c) 

inspiratory forces operating on the diaphragm and expiratory forces 

operating on the abdomen to a lesser degree, without expiratory forces 

operating on the rib cage or with such forces operating to a lesser 

degree than those operating on the abdomen; and, for the generation of 

positive muscular pressure, (a) expiratory forces operating on the 

abdomen, (b) expiratory forces operating on the abdomen, with 

inspiratory forces operating to a lesser degree on the rib cage and/or 

diaphragm, and (c) expiratory forces operating on both the rib cage and 

the abdomen, but with the latter predominating, without inspiratory 

forces operating on the diaphragm or with such forces operating to a 

lesser degree than the expiratory forces in operation. 

Inspirations associated with our subjects' singing were very 

quick and were accomplished through a great range of relative volume 

contributions by the two chest wall parts. The most prevalent patterns 

involved rib cage and abdominal volume increases that traced pathways 

on the data charts that tended to be concave toward the y-axis of the 

display, and that, when unequal for the two parts, usually showed a 

predominant abdominal volume increase followed by a predominant rib 
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cage volume increase. Unlike inspirations for speaking, inspirations 

for singing often involved changes in rib cage and abdominal volumes 

that were outside the confines of those associated with relaxation. 

However, l ike inspirations for speaking, inspirations for singing 

showed a generalized distortion of the chest wall from its relaxed 

configuration toward a more expanded rib cage volume and a less 

expanded abdominal volume. Negative muscular pressure would have been 

required to achieve the inspirations involved in our subjects singing. 

Taking into account the chest wall configurations that were observed 

during the inspirations, the muscular mechanism possibilit ies that 

could have been functioning include the following: (a) inspiratory 

forces operating on the rib cage; (b) inspiratory forces operating on 

the rib cage, with inspiratory forces operating on the diaphragm and/or 

expiratory forces operating on the abdomen to a lesser degree; and, (c) 

inspiratory forces operating on the diaphragm and expiratory forces 

operating on the abdomen to a lesser degree, without expiratory forces 

operating on the rib cage or with such forces operating to a lesser 

degree than those operating on the abdomen. 

Two respiratory phase transitions were sometimes observed in 

our singing data, inspiration-expiration and expiration-inspiration. 

For the first of these, lung volume change was not involved and one of 

two chest wall adjustments occured, each of which involved a shift of 

volume from one chest wall part to the other. The muscular mechanisms 

that might possibly account for such adjustments are several. Assuming 

the isovolume nature of the inspiration-expiration transition to have 



been related to a closed laryngeal airway, and taking into account the 

change in configuration of the chest wall during the transition, such 

mechanisms include the following, either increasing or decreasing 

depending upon whether the shift was into or out of the rib cage, 

respectively: (a) inspiratory forces operating on the rib cage, (b) 

inspiratory forces operating on the rib cage, with inspiratory forces 

operating on the diaphragm and/or expiratory forces operating on the 

abdomen, (c) expiratory forces operating on the abdomen, and (d) 

expiratory forces operating on the abdomen, with inspiratory forces 

operating on the diaphragm and/or expiratory forces operating on the 

rib cage to a lesser degree than those operating on the abdomen. 

For the second phase transition, expiration-inspiration, 

expiratory lung volume change was always involved. The chest wall 

adjustments accompanying this change consisted of decreases in rib cage 

volume and lesser increases in abdominal volume or, less often, 

decreases in abdominal volume and lesser or no decreases in rib cage 

volume. Several muscular mechanisms could account for such chest wall 

adjustments. Taking into account the nature of the activity and the 

configuration of the chest wall during its execution, such mechanisms 

include the following: increasing (a) expiratory forces operating on 

the abdomen; (b) expiratory forces operating on the abdomen, with 

inspiratory forces operating to a lesser degree on the rib cage and/or 

diaphragm; and, (c) expiratory forces operating on both the rib cage 

and the abdomen, but with the latter predominating, without inspiratory 

forces operating on the diaphragm or with such forces operating to a 

lesser degree than the expiratory forces in operation. 



To this juncture, our statements concerning mechanisms have 

been cataloging in nature, l istings of the various functional 

possibilit ies that could be operating for different aspects of the 

singing cycle. Unlike the situation for speaking, where we had 

available dynamics data (Hixon, et al. 1976) for use in selecting "the" 

appropriate possibilit ies, the situation for singing is one in which we 

must rely on much less dynamics information and infer underlying 

function from information on kinematics. This situation is one of 

challenge and not equivocation, however, since previous research from 

this laboratory has shown (Hixon, et al. 1976) that one can predict 

with considerable certainty the dynamics involved through the use of 

kinematics observations alone. Accordingly, we now take the step of 

specifying what we believe are the mechanisms underlying the singing 

performances of our subjects. 

Of the possible muscular activity combinations that could have 

been operating during the expiratory, or breath group, phase of the 

singing cycle, we believe the control mechanism generally to have been 

one involving increasingly greater positive efforts by the rib cage and 

the abdomen; in the case of the former, either less inspiratory or more 

expiratory, and, in the case of the latter, more expiratory. The 

possibility of significant active diaphragm involvement in the control 

mechanism for the expiratory phase of the cycle is remote, in our 

opinion, given that previous research from this laboratory (Hixon, et 

al. 1976) and another laboratory (Bouhuys, et al. 1966) has revealed 

l itt le or no significant force generation by the diaphragm during the 
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acts of speaking or singing or the sustaining of vowels throughout most 

of the vital capacity in the upright body position. 

For singing breath groups involving very high lung volumes, the 

initial task facing our subjects was to generate negative muscular 

pressures with the chest wall and through these pressures to partially 

offset the high positive relaxation pressures that prevailed. We 

believe this task was accomplished by our subjects through their 

generation of a major rib cage effort of gradually decreasing magnitude 

in conjunction with a major, but lesser, abdominal expiratory effort of 

gradually increasing magnitude. Implication of the rib cage in such a 

mechanism is supported by (a) the very high rib cage volumes 

demonstrated by our subjects while singing through the high lung volume 

range, (b) the fact that without the diaphragm generating significant 

force, there is no alternative but the rib cage for generating the 

required negative muscular pressure, and (c) the fact that all 

experimental dynamics data of which we are aware (Bouhuys, et al. 1966; 

Mead, Bouhuys, and Proctor, 1968; Hixon, et al. 1976) have shown that 

whenever inspiratory chest wall efforts are required against high 

positive relaxation pressures in the upright body position, they are 

invariably produced solely or almost totally by inspiratory muscles of 

the rib cage. Implication of the abdomen in the mechanism we have 

suggested for function at high lung volumes is supported by (a) the 

generally continuous movement of this structure in the expiratory 

direction shown by our subjects while singing through the high lung 

volume range, (b) the general absence of continuous prolonged 

paradoxing (outward movement) of the abdomen through the high lung 
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volume range, such as would occur were only a decreasing inspiratory 

rib cage control strategy in operation, (c) the fact that the volume of 

the rib cage often increased through the high lung volume range, 

contrary to what would occur were only a decreasing inspiratory rib 

cage control strategy in operation, and consistent with the 

co-occurrence of an abdominal expiratory effort of increasing 

magnitude, and (d) the fact that experimental dynamics data of which we 

have knowledge (Hixon, et al. 1976) have shown that inspiratory rib 

cage efforts produced in the face of high positive relaxation pressures 

in the upright body position are usually accompanied by appreciable 

expiratory efforts by the abdominal muscles. 

For breath groups begun at mid or low lung volumes, or that 

continued to those volume levels from high lung volumes, the task for 

our subjects involved the generation of positive muscular pressures to 

supplement the relaxation pressures prevailing there. We believe our 

subjects performed under such circumstances through the generation of 

rib cage efforts of gradually increasing magnitudes in conjunction with 

continuing abdominal expiratory efforts of gradually increasing 

magnitudes. Implication of both the rib cage and the abdomen in the 

mechanism suggested for function at mid or low lung volumes is 

supported by (a) the general tendency toward continuous movements of 

these two structures in the expiratory direction during our subjects' 

singing through these lung volume ranges, (b) the occurrence of 

frequent changes in relative volume contributions of the two structures 

during the course of the singing breath groups, such as would occur 

were the two parts working synchronously but in shifting balances, and 



(c) the fact that experimental dynamics data concerned with the 

generation of sustained vowels through the midvolume range and lower 

(Hixon, et al. 1976) reveal major positive efforts by both the rib cage 

and abdomen, efforts supplementary to the prevailing relaxation forces 

i  nvolved. 

The function we have inferred for the rib cage in the singing 

breath group seems reasonable. Generally speaking, the rib cage 

develops inspiratory efforts when negative muscular pressures are 

called for and expiratory efforts when positive muscular pressures are 

demanded. The abdomen, however, develops expiratory efforts throughout 

the entire breath group. Initially, it may seem counterintuitive that 

the abdomen would function in this manner. First, one might wonder why 

i t, an expiratory driver, would be operating at high lung volumes when 

inspiratory chest wall efforts are required. Would not its activity at 

such times be counterproductive since it is opposite in sign to the 

negative muscular pressure sought? Second, one might wonder why the 

abdomen would be operating at mid or low lung volumes during the 

expiratory phase of the singing cycle. After all, the rib cage 

contains smaller and faster acting muscles that can be used to make , 

quick adjustments for singing and i t covers a far greater portion of 

the surface of the lungs and so needs to move less to influence driving 

pressure. What is to be gained by involving the abdomen in the 

expiratory process when positive muscular pressure is required? The 

answers to these questions and others related to why use the abdomen 

can be found, we believe, in overall system efficiency gains to be had 

through major efforts of the abdomen. 



To understand the role of the abdomen in this context, i t must 

be considered that the rib cage and abdomen are arranged in mechanical 

parallel as parts of the respiratory apparatus. With the diaphragm 

inactive, each part is subjected to identical changes in transmural 

pressure. Several distinct mechanical advantages would be set up in 

such a parallel system were the abdomen operating in the pattern of 

effort we have presumed. First, activity by the abdomen would increase 

the stiffness in that branch of the parallel system and provide a 

relatively firm member for the rib cage to develop driving pressure 

against. The generation of an increasingly more forceful abdominal 

effort as the breath group proceeds is consistent with the requirement 

of providing an increasingly firm member for the rib cage to work 

against as i t drives harder and harder through lower lung volumes. 

Second, activity by the abdomen would displace the diaphragm headward 

increasing the length of its fibers and its radius of curvature. This 

consequence of the active abdomen is relevant to the inspirations 

interspersed in the singing act since inward movement of the abdomen 

mechanically tunes the diaphragm so that, when i t contracts for 

inspiration, i t can function quickly and powerfully as a force 

generator. Third, the effort of the abdomen also would deliver an 

upward l ift ing force to the rib cage which would tend to elevate the 

structure and place its expiratory muscles at more optimal lengths for 

generating quick, forceful pressure changes. Assuming these three 

mechanical advantages to be relevant, we can see that effort by the 

abdomen during the generation of negative muscular pressures at high 

lung volumes would be important (a) to keep the abdomen from paradoxing 



outward as the rib cage inspiratory effort decreases either gradually 

or quickly, thus resolving into a shape change for the respiratory 

apparatus rather than a pressure change, and (b) to meet the singing 

requirement of being able, at all moments, to quickly generate rapid, 

forceful inspirations. These two and the third, keeping the rib cage 

in a relatively elevated position to optimize its force generating 

capability, would constitute significant gains in efficiency when 

controlling the respiratory apparatus through mid or low lung volumes 

where positive muscular pressures are required. It should be noted 

that the abdominal component of movement in our data charts was often 

substantial and suggestive of a major abdominal effort, well in excess 

of that l ikely to have prevailed for speaking. We suspect this may be 

related to the very large pressure swings that are involved in singing 

as compared to speaking, swings that would require that a firmer base 

be provided by the abdomen for singing than for speaking. Assuming our 

interpretations of abdominal function to be correct, we, therefore, 

ascribe a role to the abdomen for the expiratory phase of the singing 

cycle that is "system posturing" and concerned with aiding the rib cage 

and diaphragm mechanically. This can be thought of as a role more 

concerned with the configuration of the respiratory apparatus than with 

the pressurizing of the pulmonary system. The latter function is, in 

our conceptualization of mechanism, carried out more by adjustments of 

the rib cage, which, in the utterance portion of the singing process, 

is seemingly the main generator of respiratory aeromechanical events 

(that is, pressures and flows). 



Singing is not, of course, just an expiratory act. It involves 

alterations during the entire respiratory cycle. One of these 

alterations is in the form of the expiration-inspiration transition we 

have described as involving a "blow off" of air between the end of the 

breath group and the beginning of the inspiratory phase of the next 

respiratory cycle. While such blow offs are not a part of inspiration, 

per se, because inflow of air is not involved, they, nevertheless, 

appear to play an important preparatory role to the inspiratory act. 

In most of our subjects, blow offs took the form of step decreases in 

lung volume in association with large decreases in rib cage volume and 

paradoxical increases in abdominal volume. How were these adjustments 

preparatory for inspiration and what muscular activity combinations 

caused them? Of several possible answers, we believe the most 

reasonable one relates to the following discussion. As the expiratory 

phase of singing drew to an end, our singers had to anticipate their 

forthcoming inspiration in terms of its timing, speed, and extent. 

Unlike speaking, in which driving pressure often trails off near the 

end of a breath group, singing generally requires a continuation of 

pressurization of great magnitude to the very end of the utterance. In 

fact, in many circumstances, singing requires even more stringent 

pressure demands at the very end of the breath group than earlier in 

the breath group, as, for example, in the case of dramatic endings of 

phrases or the hitting of so-called "money notes" of high intensity and 

high frequency. We believe that, at the end of the breath group, the 

abdomen relinquished its command of the configuration of the chest wall 

by drastically decreasing the force of its expiratory drive. At the 
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same time, the diaphragm activated to provide a very rapid and forceful 

inspiratory drive to the respiratory apparatus. The rib cage, however, 

continued its expiratory drive momentarily in conjunction with these 

abdominal and diaphragmatic activities. It is this continuation of rib 

"age expiratory drive simultaneous with a sharp decrement in abdominal 

drive that probably led to the blow off often observed. Why the rib 

cage continued beyond the moment of abdominal decrement would seem to 

be related to a subject's preference for making lung volume increase an 

abdominal event foremost during the first part of inspiration. By 

maintaining a substantial expiratory activity in the rib cage during 

the activation of the diaphragm, the Tatter's force would be resolved 

into footward displacement and outward movement of the abdominal wall. 

The most frequently observed pattern in our subjects during inspiration 

was one in which the respiratory apparatus began inflation with a 

predominant abdominal movement followed by a predominant rib cage 

movement. Presumably, as the inspiration proceeded and the expiratory 

drive of the rib cage subsided, the diaphragm's force was then resolved 

into a more headward displacement of its insertion points on the rib 

cage and served to l ift the rib cage axially and inflate it. It should 

be noted that throughout this process the configuration of the chest 

wall never returned completely to that associated with relaxation at 

the corresponding lung volumes (that is, tracings did not return 

rightward all the way to the relaxation characteristic on the charts). 

This means that, although the abdomen relinquished its role of setting 

the configuration of the chest wall, i t did not "shut down" completely 

but maintained some drive in the expiratory direction. 



But what of the fewer blow offs that were of a different form 

and appeared to be caused by the abdomen rather than the rib cage? For 

these circumstances, we believe subjects used a mechanism in which the 

abdomen further stiffened and in which the diaphragm's force was 

resolved into initial l ift ing of the rib cage followed by a lesser 

outward movement of the abdominal wall. This mechanism is consistent 

with the observation that inspirations of this nature did not usually 

show large outward abdominal excursions, suggesting that the abdomen 

maintained its posturing role more so throughout the course of the 

entire respiratory cycle than it did in the other mechanism described 

for our subjects. 

Is there anything significant about the differences between 

these two forms of transition during the singing cycle? We think so, 

perhaps, and will return to this point with some anecdotal 

considerations under our next heading. 

Of final interest in this section, is the inspiratory-

expiratory transition observed for certain breath groups in certain 

subjects. The nature of these transisions suggests that their 

underlying mechanism was probably associated with a major increase in 

the activity of the abdominal wall which led to a reposturing of the 

chest wall configuration for the ensuing singing breath group. The use 

of this mechanism, while a distinct phase of the expiratory process in 

certain subjects, may have had a modified representation in breath 

groups where large inward abdominal movements occurred coincident with 

the initial moments of utterance. 
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Subjects' Beliefs About Their Respiratory Adjustments 
for Singing Versus the Actual Adjustments Used 

Teachers of singing and singers themselves often stress the 

importance of "being in touch with the vocal instrument," of knowing 

precisely how i t works and how subtle adjustments in it influence 

singing performance. Along these lines, much attention is often 

focused on what singing teachers and singers believe are "correct" or 

"best" or "preferred" ways of breathing during singing as well as 

various "imageries" to be associated with these ways of breathing. One 

might think that the more training a singer had and the more extensive 

his performance experience, the more l ikely he would be correct in his 

beliefs about the mechanisms involved in his singing performance. 

Certainly, one might think that highly trained singers, in particular, 

would be in touch with what i t is they are doing with their respiratory 

apparatus during singing. '  Our investigation fails to support either of 

these notions. To the contrary, i t demonstrates that singers who are 

highly trained and in some cases have been recognized through success 

in competitions, generally do not have accurate knowledge of the 

mechanisms associated with their singing performance. This is not to 

say that ignorance of the mechanisms involved in successful performance 

is to be desired, but merely to point out that the present subjects, 

who we assume are representative of singers of their level in general 

and have been trained by a wide range of teaching styles and teachers, 

are able to perform well despite their having ambiguous and erroneous 

impressions about how they use their respiratory apparatus for singing 

purposes. 



It is of interest to attempt to sort out the sources of the 

problem of our subjects' beliefs bearing l itt le or no correspondence to 

the respiratory events associated with their actual performance. It 

cannot be traced to their knowledge of respiratory anatomy, for by and 

large, the subjects demonstrated, by their written descriptions, that 

they had a reasonably good working knowledge of the structures of the 

respiratory apparatus, labelling its constituents satisfactorily. Part 

of the problem can be traced to our subjects lacking a clear 

understanding of the function of certain parts of the respiratory 

apparatus. For example, one subject referred to how he used his 

diaphragm to l ift and push air out of the lungs, which, of course, 

cannot occur because the diaphragm is a muscle capable of delivering 

inspiratory force only. Part of the problem also can be traced to 

misconceptions our subjects carried concerning physical principles, 

some involving cause and effect, associated with respiratory physiology 

and mechanics. For example, one subject wrote of how air entered the 

lungs causing the diaphragm to sink, when i t is descent of the 

diaphragm that causes air to enter the lungs. For another example, one 

subject wrote of his respiratory apparatus as a huge tub that f i l ls 

from bottom to top, while the distribution of flow to the lungs, of 

course, does not demonstrate such a gradient. Stil l a further part of 

the problem of beliefs and actual events not being congruent can be 

traced to misconceptions our subjects had with regard to the function 

of the respiratory apparatus as a system. For example, subject 

statements such as "I do not draw in the air", and "Breathing is 

accomplished by letting the air 'fall into the lungs'" reflect that 



these writers do not have an appreciation for the fact that the 

respiratory apparatus is a negative pressure pump which sucks air into 

the pulmonary system. For another example, subject descriptions such 

as "The air is not forced from the body, but is released" and "The 

breath pours out of the mouth as i f I were sighing" are statements 

suggesting that their authors lacked an appreciation for the fact that 

the expiratory phase of the breathing act during singing is under 

constant muscular control that l iterally drives air from the 

respiratory apparatus. Thus, we see that our singers' beliefs about 

mechanism and actual mechanism did not coincide for multiple reasons, 

most of which related to their misunderstanding of certain 

biomechanical aspects of respiratory behavior. The singing folklore is 

rich in misconceptions concerning the transformation between body 

biomechanics and artistic performance and we are not surprised by the 

outcome here. The myth of singing from the diaphragm, for example, has 

persisted for about as long as has the history of vocal performance 

(Hixon, 1975). Our data suggest that i t and some others are alive and 

well in even highly trained singers, one consequence being that 

subjects who sing in relatively similar manners can come to 

conceptualize their performances in dramatically different ways. 

Implications for the Training of Singers 

What of value for the training of singers can be derived from 

the results of our investigation? We believe there are several 

things. 
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One of the most striking findings of our investigation was the 

almost total incongruence between how our subjects thought they 

breathed during classical singing and how they actually breathed. This 

suggests to us the need for additional education of singers with regard 

to the workings of the respiratory apparatus and how such workings 

translate into performance. It seems reasonable to suppose that 

singers who have accurate conceptualizations about respiratory function 

would be in a better position to influence their performance product 

and use the respiratory apparatus more efficiently in performance. 

Might the singing skills of our subjects have been further advanced had 

they accurate knowledge about respiratory function? Would the rate of 

their skill acquisition have been accelerated had they had clear 

conceptualizations about such function? Perhaps so. 

As reviewed by Hixon and Hoffmann (1977) a great variety of 

teachings strategies currently are used in instructing classical 

singing students. The polar positions among these strategies place a 

good deal of emphasis on the positioning of the abdominal wall in the 

singing act. The findings of our investigation on highly trained 

singers reveal that all of them had come to adopt the so-called "belly 

in" strategy for singing. The consistency of use of this strategy 

suggests that i t may have a collection of advantages for the singer 

toward which they naturally migrate with performance experience. 

Whatever the case may be, we find no evidence among the present 

subjects for any preference toward using the so-called "belly out" 

^rategy during performance. 



Even within the general "belly in" strategy used by our 

subjects, there were functional differences in kind. We observed that 

certain patterns of chest wall adjustment occurred more often than 

others. Perhaps most notable were the differences observed among our 

subjects in patterns of inspiration during singing. The great majority 

of inspirations involved predominant abdominal displacement followed by 

predominant rib cage displacement. Seemingly, this inspiratory pattern 

was preferred under most singing circumstances to the lesser occurring 

pattern of predominant rib cage displacement followed by predominant 

abdominal displacement. One of our subjects, PW, who routinely used 

the less preferred pattern of our subject group made an attempt to 

retrain his inspiratory patterning while observing his kinematic 

patterns "live" in chart form on the oscilloscope. He was able, in 

only a few minutes, to train himself to the preferred pattern and 

routinely to incorporate its use in a new breathing style for singing. 

While i t must be considered that his report is anecdotal, nevertheless, 

he reported a clear preference for the "preferred" pattern of the 

subject group, stating that i t made i t much easier for him to take 

quick inspirations during singing. This is an encouraging note 

relative to the ease of use and instructive power of kinematic displays 

in reinstructing certain uses of the respiratory apparatus for singing. 

Perhaps the days of using only verbal instruction and imagery in 

training singers should be numbered. That is to say, i t may be that in 

the case of respiratory function, at least, there is a useful role to 

be played by instrumentation of the type used in our investigation. 
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Clinical Implications 

We believe the findings of our investigation have clinical 

implications. It is clear from our data that singing is a considerably 

more stringent activity for the respiratory apparatus than is speaking. 

Compared to speaking, singing can be said generally to involve more 

extensive movements, faster movements, a greater variety of movements, 

more forceful movements, more abrupt alterations in respiratory 

requirements, and larger downstream mechanical load adjustments. One 

might expect that these greater demands of singing would result in the 

signs and symptoms of neuromotor speech disorders being manifested more 

prominently than would be the case for speaking. Thus, i t may well be 

that singing activities could be employed as a form of utterance stress 

test for respiratory function in relation to speech production. Such 

testing could elucidate areas of difficulty in respiratory control, as, 

for example, in volume range reduction or inadequate speed of 

adjustments, and provide insights into the range of functional reserves 

available above and beyond speech performance. In addition, such 

testing could elucidate important patterns of chest wall part 

dysfunction in certain subjects, as, for example, in those with motor 

neuron disease where the extremes of the vital capacity may be 

compromised (Putnam and Hixon, 1983). This would constitute a 

situation having considerable impact on certain normal singing 

strategies but having l itt le impact on speaking strategies because of 

their lesser biomechanical demands. 

In addition to the issue of prominence of signs and symptoms 

for singing versus speaking, there is the issue of the time of 
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appearance of such signs and symptoms and changes in them over time. 

It is our experience that in various degenerative disorders respiratory 

signs and symptoms usually are noticed or experienced earlier for 

singing than for speaking. We have seen this to be true in persons 

with spinal muscular atrophy in association with motor neuron disease 

and in Friedreich's ataxia in a relatively advanced stage. One can 

usually take the clinical observation of difficulties in respiratory 

control for singing as a harbinger of impending similar difficulties 

for speaking. Thus, we consider i t to be potentially insightful for 

the clinician to consider the routine employment of singing activities 

in protocols dealing with the evaluation of speech function in persons 

where chest wall dysfunction of neuromotor origin is suspected. 
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