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Research on voice change in males has generally fallen into two categories: music 

education studies of changes in the singing voice and speech studies of changes in the 

speaking voice. These studies rarely consider differences in the dynamic ability of male 

singers at different stages of vocal development. The concept of tessitura, a portion of the 

vocal range in which the singer sounds best, is referred to in the literature on vocal music, 

but the means for identifying its size and location within the range have not been 

consistently specified. Tessitura appears to be a portion of the range which is most 

controllable in terms of dynamics and agility and is optimal in tonal quality. This study 

used the phonetograph to investigate differences in measures of intensity control between 

pre-pubertal, pubertal (changing) and post-pubertal voices in 48 males aged 9 to 18 years 

old. These intensity measures were compared to ratings of vocal effort from a panel of 4 

music educators in order to determine if tessitura could be identified from acoustic and 

perceptual evidence of an optimum vocal area. 

Results of the study were: 1) post-pubertal voices demonstrated greater control of 

vocal intensity as revealed in lower mean minimum and comfortable intensity measures, 

higher overall maximum intensity measures and a larger minimum-to-maximum intensity 

range; 2) intensity measures for pubertal voices were similar to those observed in pre-

pubertal voices, contrary to trends suggested in the literature on voice change; 3) the 

Greatest Dynamic Range (GDR) on the phonetograph, indicating the range in which 

singers had the most dynamic control, was smaller than the range in which the singers were 
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judged to sound best; 4) tessitura originated in the lower portion of the vocal range, around 

the location of mean speaking fundamental frequency. 

Although registers were not specifically investigated, tessitura appeared to be primarily 

related to modal register in singers who had completed voice change. 



CHAPTER 1 

RATIONALE, PURPOSE AND PROBLEMS 

Introduction 

One of the challenges faced by the secondary school vocal music educator is 

presented by nature itself when the voices of middle and junior high school boys begin to 

change. During this period, the teacher must face the challenge by selecting music and 

assigning parts which will enable the student to experience some success. Although 

puberty signals the transformation from childhood to adulthood, it brings frustration for 

the young man who wishes to participate in choral music but finds his vocal instrument 

unreliable. It is at this time that many boys not only give up choral participation, but 

often singing in general. This is a matter of some concern to vocal music educators who 

realize that the young men lost to the choral ranks at this time will usually not elect to 

participate in choir after their voices have changed. There have been some attempts 

within the music education profession in the last fifty years to understand the nature of 

vocal mutation and to address the problems presented by this process; however, many of 

the studies on the subject have not been based on rigorous research methodology. 

Scientific investigation of vocal mutation has been conducted by speech scientists. 

Since speech pathologists, otolaryngologists and other speech professionals are 

concerned with the clinical and practical aspects of the voice, they have developed 

methods for studying the vocal mechanism in a detailed and objective manner. The 

music education and speech professions, however, rarely have worked in tandem to 

understand the phenomenon. Speech professionals have developed tools and techniques 

for studying the voice, but have not faced the problems associated with voice change 
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which may be of great concern to choral directors and music teachers, particularly in the 

area of pedagogy. Music educators confront these issues on a practical level and have 

developed some effective means for dealing with them; however, most often their 

knowledge is based on observation and experience rather than scientific evidence. 

Background of the Study 

Cooksey (1977a, b, c; 1978) published a series of articles on the changing voice 

within the junior high school setting. The articles were an attempt to synthesize the 

writings and scientific findings on voice change and thereby to enable choral directors 

and other vocal music teachers to approach the phenomenon from an empirical 

knowledge base. First, Cooksey (1977a) outlined the historical background of music 

educators' responses to the changing voice and summarized the theories of such leading 

authorities as Cooper (1970), McKenzie (1956) and Swanson (1977). Secondly, he 

discussed scientific studies of vocal mutation by voice scientists and music educators, 

and proposed a "Contemporary Eclectic Theory" as a reconciliation of all the findings 

and theories reported and written about up to that time (Cooksey, 1977b). The third and 

fourth articles were Cooksey's own views on training and selecting appropriate music for 

males undergoing vocal mutation (Cooksey, 1977c, 1978). 

Since their publication, Cooksey's articles have been regarded as a primary source on 

the changing voice for the music education profession, because the series represented the 

first attempt at bringing together separate strands of information on the changing voice in 

a comprehensive manner. Cooksey (1977b) postulated a theory of five stages through 

which all males pass as their voices change. The model described ranges, approximate 

ages, and durations for each stage. Physiological characteristics, tone quality and 

habitual speaking pitch also were outlined under each heading. While the author was 

careful not to be rigid in his assignments of voice type to specific age groups, he did not 



substantiate the model with his own data, except to note that some of its elements agree 

with other theories or scientific findings. 

Speech scientists generally have investigated vocal mutation in terms of changes in 

the speaking voice. The vocal attribute measured in most of these studies is speaking 

fundamental frequency (SFF). Fundamental frequency is defined as "the lowest 

frequency component of a complex sound" (Borden & Harris, 1984). It is familiar to 

musicians as the "fundamental" in the overtone series. Typical speech in the human 

voice centers around a modal pitch which is referred to as mean SFF, often abbreviated in 

speech literature as Fo- Cooksey refers to it as "speaking pitch" (1977b). An individual's 

mean SFF may be measured by recording conversational speech or recording the subject 

reading a short passage. Pubertal voice change may then be studied by examining 

changes in mean SFF over time. 

Changes in speaking fundamental frequency have been measured in pre-pubescent 

children (Bennett, 1983) as well in males undergoing adolescent voice change (Tosi, 

Postan & Bianculli, 1976; Hollien, Massey & Green, 1994). Most research of vocal 

mutation has been cross-sectional studies of characteristics in males and females at 

various stages of maturation. The subjects have included pre- and post-menarcheal 

females (Duffy, 1970; Williams, 1990), pre-pubertal, pubertal and post-pubertal males 

(Curry, 1940; Pedrey, 1945; Hollien & Malcik, 1962; Hollien, Malcik & Hollien, 1965) 

and subjects from different racial groups (Hollien & Malcik, 1967). 

Analysis of the Changing Voice 

In the writings of voice teachers, choral directors and music educators, individual 

voice testing is given as the primary means for identifying the singer's voice type. This 

procedure involves having the subject vocalize ascending and descending scale passages 

on a neutral vowel —usually "ah"—in order for a skilled teacher to determine the range, 

points of transition between registers and tonal quality of the voice. While the range of 



the voice, bounded by the lowest and highest notes which the singer can produce, is not 

difficult to determine, the problem of identifying the precise point within this range 

where the singer changes from one vocal register to another is fraught with difficulty. In 

four principal sources on the changing voice (McKenzie, 1956; Swanson, 1977; Cooper, 

1970; Cooksey, 1977), this voice testing method is either stated or implied to be the 

means of identifying voice types and/or stages of maturation. 

The assessment of tone quality as a voice type indicator also is based solely on the 

judgment of the hearer, that is, several listeners may hear the same voice, but make 

different tone quality judgments about it. Baken (1987) noted that the descriptors used in 

qualitative evaluation vary: a term may hold different meanings for different people. 

Quantitative means of measuring vocal characteristics, therefore, are needed that are less 

subject to vocabulary and perceptual differences. 

Studies of vocal mutation have sought to identify aspects of the voice which indicate 

differences between the voice types of boys whose voices have not yet changed and those 

who are experiencing or have already passed through puberty. A rather obvious 

difference, pitch, is discussed in terms of the vocal range in all writings on vocal 

mutation. Speaking fundamental frequency clearly distinguishes individuals at various 

stages of development. The points of transition between vocal registers, also called 

"lifts" or "breaks", may also serve as indicators for stages of vocal mutation; however, 

there is yet no clearly objective means for identifying them. 

Tessitura 

Tessitura has been suggested as another way to determine voice classification 

(Cooksey, 1977; Cooper, 1970; Barresi & Bless, 1984). This term, which in Italian 

means "texture", has come to be defined in two ways. The normative meaning refers to 

vocal music, being defined in the Harvard Dictionary of Music as "the general 'lie' of a 

vocal part, whether high or low in its average pitch. It differs from range in that it does 



not take into account a few isolated notes of extraordinarily high or low pitch" (Apel, 

1972, p. 839). The American Academy of Teachers of Singing identified it as "the heart 

of the range" (1969, p. 21). In choral music, this definition is applied to the voice itself 

as a smaller portion of the total frequency range. Cooper stipulated that tessitura 

indicates "that portion of the vocal range in which it is comfortable to sing for a 

considerable time without tiring" (Cooper & Kuersteiner, 1970, p. 19). Demaree and 

Moses (1995) described it as the "usable" range. Tessitura thus represents a limited vocal 

range within which one can sing most efficiently, enabling optimum vocal performance 

for an extended period of time. 

Tessitura is commonly identified in the literature by choral directors as the "best" 

portion of the vocal range (Collins, 1993). This rather loose definition seems to describe 

tessitura as the "working limits" for the singer, whereas range denotes the extreme 

boundaries for the voice. This is important information for choral directors who must 

think of the vocal health of their choir. If the singers' voices are unduly taxed, the overall 

performance and efficiency of the choral sound will be compromised. Of greater concern 

is the long-term effect of singing in an inappropriate range upon the voices of the young 

people in choirs where the director has paid little or no attention to proper voice 

classification. This is especially true for young males whose voices are still developing. 

If the tessitura represents "the heart of the vocal range" (American Academy of 

Teachers of Singing, 1969), then one would expect the singer to exhibit flexibility and 

power within that region. Dynamic variation, the ability to sing at various dynamic levels 

from pianissimo to fortissimo as well as crescendo and decrescendo, would be one 

measure of a singer's vocal capacity. In fact, the messa di voce—a swelled tone, or 

crescendo from pianissimo to fortissimo and decrescendo back to pianissimo—is a bel 

canto technique for blending the vocal registers and is considered a mark of vocal 

accomplishment. An objective measure of dynamic control in various parts of the 



singer's vocal range could reveal the area in which the singer has the greatest control over 

the voice. This region of the greatest dynamic range could be construed as the vocal 

tessitura. If that is the case, identifying tessitura would no longer be based solely on the 

judgment of the hearer. Voice classification and placement of singers within a choral 

ensemble could then be based on more objective standards. 

Although range, register change and tessitura have been discussed in several 

publications on voice change (Cooper, 1970; Swanson, 1959,1977; McKenzie, 1956; 

Cooksey, 1977b), vocal intensity has not been evaluated, because an efficient means of 

measuring vocal intensity was unknown to changing voice authorities in music. Their 

discussions of tessitura did not identify a possible connection to vocal intensity control. 

Musicians speak of intensity in perceptual terms by referring to degrees of loudness. 

From a very soft sound, pianissimo (pp), to a very loud one, fortissimo (//), loudness is 

comparative by nature. Intensity is not synonymous with loudness, but is a physical 

aspect of sound which can be measured as sound pressure level (SPL) in decibels (dB) 

(Appelman, 1967). One technique commonly used in speech science for measuring the 

vocal characteristics of frequency (range) and intensity (dynamic control) is the 

phonetograph (Figure 1), also known as the fundamental frequency-sound pressure level 

profile (FQ-SPL profile) or voice profile. The phonetograph represents measures of vocal 

intensity which a subject produces at various points within the frequency range (vocal 

range), making it possible to compare individuals or groups on such measures as 

minimum (soft), comfortable, and maximum (loud) intensity. 

The phonetograph indicates vocal intensity control in that it measures the dynamic 

range which the singer can produce within the frequency range. The Greatest Dynamic 

Range (GDR) region can be identified on the phonetograph as the area of the vocal range 

in which the singer has the most dynamic control of minimum and maximum intensity 
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Figure 1. Sample Phonetograph. 

phonations (Figure 1). If the tessitura is the optimum portion of a singer's range, then 

optimal dynamic control should be possible within the tessitura. The phonetograph, then, 

should be able to identify the tessitura within the vocal range. 

Although much has been written about the frequency range of the male voice and the 

change brought on by maturation, the intensity characteristics of voices at various stages 

of development have received comparatively little attention (Calvet & Malhiac, 1952; 

Frank & Sparber, 1970). Little is known of how vocal mutation affects the intensity 

capabilities of young male voices. Cooksey (1977b) stated that dynamic control in the 

changing voice is restricted by the unreliability of the mutating vocal mechanism, but he 

provided no documentation to back his assertion. Data on intensity control in developing 

male voices are needed in order to learn whether or not anecdotal claims of restricted 

dynamic ability in the changing voice are true. 

Vocal tessitura has been accorded a prominent place in the classification of 

developing voices; however, it is not clear how it may be identified with certainty. Its 
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identification as the optimum portion of the vocal range suggests that it is a frequency 

area wherein the voice is most efficient and most controllable. If data on intensity control 

in developing voices are combined with information about vocal range and speaking 

fundamental frequency, the result will be a clearer profile of voices at various stages of 

development, as well as a better understanding of the nature of tessitura. 

Statement of the Purpose 

The purpose of this study was to investigate measures of vocal intensity control in a 

cross-section of males between the ages of 9 and 18 years and to compare the data across 

vocal development stages. The selected measures were also examined with respect to 

their relationship to vocal tessitura (optimum vocal area) within the frequency range. 

Since puberty is generally known to occur in males between the ages of 12 and 14 years 

(Tanner, 1990), the nine to eighteen age spectrum represented boys who had not yet 

entered puberty, those who were in various stages of change, and those who had 

completed puberty. Because voice change is a result of the pubertal growth process 

(Weiss, 1950; Joseph, 1959,1965, 1966,1969; Tanner, 1972), a cross-sectional study of 

vocal characteristics should reveal the progression of vocal mutation with respect to the 

age of the subjects. The selected age range was also the age range studied by Kahane 

(1982) in his examination of laryngeal development and Tosi, Postan & Bianculli (1976) 

in their longitudinal research of voice change. 

Specific questions under investigation were: 

1. Did pubertal voices have less intensity control than pre- or post-pubertal voices? 
Were there differences among the males grouped by voice change stage which 
could be measured in terms of: 

a) maximum vocal intensity? 
b) minimum vocal intensity? 
c) comfortable vocal intensity? 
d) maximum-to-minimum intensity range? 

2. Did pubertal voices have a smaller vocal range than pre- or post-pubertal voices? 



3. Were there differences in tessitura among the males grouped by voice change 
stage which could be measured in terms of: 

a) Greatest Dynamic Range (GDR)? 
b) size? 
c) location within the vocal range? 

d) the relationship of tessitura to speaking fundamental frequency (SFF)? 

Definitions 

1. Greatest Dynamic Range- the area within the vocal range in which the singer has 

the maximum dynamic control of the voice, as indicated by the minimum-to-maximum 

intensity range on the phonetograph. 

2. Tessitura- the optimum area within the vocal range, in which the singer sounds 

best. 

In this study, a scale numbering system was used which defined the lowest C on the 

piano keyboard as CI. Semitones following middle C (C4) were numbered C#4, D4, 

Eb4...B4, C5, etc. Figure 2 presents the successive scale system. 

i 
C2 C3 

Figure 2. Scale system used in the study. 



CHAPTER 2 

RELATED LITERATURE 

Introduction 

Puberty is a period of significant growth and development, which bridges the gap 

between childhood and adulthood. According to Tanner (1972), a noted researcher of 

human growth and development, only the period from birth to two years renders more 

profound changes in the human body. Prior to puberty, boys and girls are not 

significantly different in a physiological sense. After the adolescent period, boys have 

greater muscular development, relatively large hearts and lungs proportionate to size, 

higher systolic blood pressure, lower resting heart rate, and greater capacity for carrying 

oxygen in the blood (higher hemoglobin levels). Pubertal development, which includes 

growth in height, growth of the sex organs, muscular and skeletal development, 

appearance of body hair, and growth of the laryngeal mechanism, is controlled by the 

secretion of hormones from the endocrine glands (thyroid, adrenals, testes, ovaries, 

pituitary). The adolescent growth spurt is typically the initial indication of the onset of 

puberty. The average ages for this spurt are 14 years for boys and 12 years for girls, with 

standard deviations of 0.9 years for each gender (Tanner, 1972). 

The sequence of development for males in the pubertal period begins with accelerated 

growth of the testes and scrotum. Soon afterward, there is a slight growth of pubic hair. 

Approximately one year after the testes and scrotum enlarge, the penis begins its growth 

and the height spurt commences. This phase is seen in boys ranging in age from 10.5 to 

14.5 years old, with 12.5 being the mean chronological age. One year later, there is the 

first ejaculation of seminal fluid. Axillary hair (in the armpits) and facial hair begin to 

10 



11 

appear around two years after the initial growth of pubic hair. The voice change occurs 

relatively late and since it is so gradual it is not considered suitable as a criterion of 

puberty (Tanner, 1972). The mutation of the voice is related to the overall changes in the 

body which occur during this period. Other researchers have investigated and written 

about the growth of the larynx and other organs of speech. 

Studies of Changes in the Speaking Voice 

Speech researchers have learned much about the characteristics of the speaking voice 

in humans at various life stages. Many studies have focused on the developing voice and 

differences which arise from maturational stages and gender. 

Growth of the Vocal Mechanism 

According to Weiss (1950), the pubertal change of voice is a consequence of the 

growth of the vocal anatomy, comprised of the lungs, trachea, larynx, throat and mouth. 

The breathing capacity is augmented as the chest increases in length and circumference. 

The neck grows in length and width, which enlarges the pharyngeal tube and thereby 

adds resonance to the voice. The increased dimensions of the mouth also add to the 

resonatory capacity. The larynx itself grows larger: the "Adam's apple" becomes visible 

in the male, reflecting a pronounced anterio-posterior growth, while the female larynx 

generally increases more in height. The mucous membranes of the larynx become 

stronger and less transparent, while the tonsils and adenoids shrink. The tissue within the 

nasal turbinates develops, which may lend resonance to the voice, although this is not an 

established fact. All of these factors combine to give adolescent voices more breath and 

resonance, which in turn makes them more powerful than children's voices (Weiss, 

1950). 

Kahane (1976,1982) compared 10 pre-pubertal and 10 pubertal larynges obtained 

from male and female cadavers. The assignment of pubertal status was based on autopsy 

records of pubic and axillary hair development. He found that the female pre-pubertal 
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larynx is closer to adult size and weight than is the male pre-pubertal larynx. The female 

vocal mechanism thus requires less growth in the pubertal period to reach maturity. Data 

from the study indicated that male vocal folds lengthened by 63% from pre-puberty to 

puberty, while female vocal folds lengthened by only 34%. Kahane stated that there are 

no quantitative data on increases in thickness or width in the vocal folds. He found 

through regression analysis that biological age, determined by crown-heel length (height), 

was significantly better at predicting laryngeal growth than was chronological age. This 

finding is supported by Tanner (1972), who noted that chronological age is a poor means 

of determining pubertal development stage, given the wide variability in growth patterns 

among young people. Kahane also noted that his findings support the view that 

laryngeal growth is subject to the same hormonal influences which control general body 

growth and development during puberty (Kahane, 1982). 

Zhou (1986) described an observational study of the vocal folds of 200 young actors 

in the city of Chongqing in the People's Republic of China. The subjects were examined 

as they underwent vocal mutation over a period of several months. Zhou reported that 

the beginning of mutation ranged from 11 years old to 17 years old with a mean age of 

14 years old. The mutation period itself lasted from 1 month to 15 months, with the male 

period averaging 8 months while the mean female mutation period lasted 6 months. 

Zhou reported mean increases in the dimensions of vocal cord length and width for his 

subjects. Mean premutational dimensions for males and females were the same: 10.8 mm 

long, 1.5 mm wide. At the end of the mutational period, male vocal folds had increased 

34% and 40% in length and width respectively. Females evidenced a 15% growth in 

length and a 20% growth in width. 

Zhou gave no information on how pubertal status was determined for his subjects nor 

how the period of mutation was identified. There is also no discussion of how the vocal 

folds were examined and measured, casting doubt on the findings of this investigation. 
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Weiss noted that visual examination of the vocal folds does not provide reliable data as to 

their precise length because the perspective of the laryngoscopy mirror is inclined to 

distort the image reflected from the larynx (1950). 

Zhou's data (1986) are similar to Kahane's findings (1982) in two respects. First, 

prior to puberty, the larynges of boys and girls and not significantly different from each 

other. Secondly, Zhou reported that the male vocal folds increased longitudinally more 

than twice as much as the female vocal folds did (34% versus 15%), while Kahane found 

the male dimensions lengthened 63% to the females' 34% (not quite twice as much). The 

difference in protocol could account for the different findings. Kahane did a cross-

sectional comparison while Zhou reported the results of a longitudinal study of his 

subjects. Kahane's data must be considered more reliable because he examined excised 

larynges and could therefore measure more accurately. 

Maturation of the Speech Mechanism 

Kent (1976) noted that the onset of puberty is the point at which males and females 

begin to be distinguished from one another in terms of fundamental frequency of the 

voice (SFF or speaking pitch). Prior to the age of 11 to 12 years, the voices of boys and 

girls are nearly identical on measures of SFF. There is evidence to suggest that a 

maturational milestone in speech is attained around the age of 11, irrespective of gender. 

Intrasubject standard deviations on SFF measures reach a minimum between the ages of 

10 and 12. That is to say, there is less variation on measures of SFF when taken on the 

same subject on different occasions. Children also sound more like adults around the age 

of 11 because the formant frequencies of their spoken vowels more closely resemble 

those produced by adults. Kent cited a 1967 study by Lenneberg, in which the author 

observed that if one does not begin the study of a foreign language before puberty, it is 

not possible to learn the language in the way a native speaker does. It is therefore 

possible that children achieve closure in speech development at about ages 11 to 12. 



14 

Kent hypothesized that motor control and individual speech characteristics are fully 

developed at about the age of eleven (1976). 

In terms of vocal development, it would seem from the foregoing information that the 

maturation of the psychomotor component in speech ends just before puberty begins and 

the voice changes. One might envision nature tying a young man to the saddle of his 

vocal mechanism just before the gate is opened and the bucking bronco of voice change 

careens him around the pubertal arena. Sex differences in fundamental frequency are 

apparent by the time males and females reach the age of 13 years. This marks the 

beginning of the substantial drop in SFF for the male voice (Kent, 1976). Between the 

ages of 13 and 17, males experience the period of the most rapid change in their speaking 

voices. Kaplan (1960) noted that laryngeal growth occurs primarily during the first 3 

years of life and during the pubertal period. 

Wilson (1978) studied the vocal maturation process from infancy through 

adolescence and noted that one aspect which has been measured is the growth of the 

vocal cords. He identified six voice evaluation criteria which may be used as standards 

of voice development: 1) muscular tonus and coordination (the correct balance of 

muscles to achieve efficient vocal usage); 2) laryngeal tone (tone quality); 3) loudness; 4) 

pitch; 5) resonance; 6) intelligibility. He referred to these as "milestones of maturation," 

which may be used to determine the vocal maturity level of children within the 

maturation process. Wilson's studies were aimed at determining norms based on age: 

"The maturation of the voice in children and adolescents follows a very regular sequence 

of development, from the cries of a newborn infant, through the developing voice of an 

adolescent, to the mature voice of an adult" (1978, p. 8). 

While males experience the most dramatic change in the speaking and singing voice 

ranges, females also undergo vocal mutation, although to a lesser extent. Voice change 

in females is related to pubertal development as it is in males. As mentioned earlier, 
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there is little difference between the voices of boys and girls prior to puberty. This has 

been borne out in a study by Bennett (1983) in which changes in children's SIT (speaking 

fundamental frequency) were documented over a 3-year period. The subjects were 15 

boys and 10 girls between the ages of eight and eleven. Bennett recorded the children 

speaking the sentence "There is a sheet of paper in my coat pocket." The procedure was 

repeated every 12 months over a period of 3 years. The mean SFF declined between the 

ages of 8.2 years and 11.2 years. Bennett found no significant differences in SFF due to 

gender. 

Duffy (1970) investigated the SFF characteristics of 24 females aged 11,13 and 15 

years old. The 13-year old subjects were divided into two groups: pre-menarcheal and 

post-menarcheal, based on whether they had begun menstruating. The 11-year olds were 

pre-menarcheal and the 15-year olds were post-menarcheal. In comparing his data with 

that obtained in other studies, Duffy found that the SFF of females decreased 22%, or 1.4 

semitones, between the ages of 8 and 11; 32% (2.0 semitones) between ages 11 and 15; 

and approximately 49% (2.9 semitones) between 15 years and adulthood. Males undergo 

a 27% drop (3.7 semitones) in SFF between the ages of 8 and 14 and a 73% (10 

semitones, nearly one octave in the musical scale) decline between 14 years and 

adulthood. It may be seen that the change in females' speaking voices is both more 

gradual and less profound than that which occurs in males. 

The SFF, PFR (physiological frequency range), singing voice quality, and self-

perceptions of the speaking and singing voices of 16 pre- and 17 post-menarcheal 

females were investigated by Williams (1990). The subjects were between the ages of 11 

and 15 years, as in Duffy's study (1970). The SFF was determined by having each 

subject read a short passage and speak for 30 seconds on a subject of choice. The singing 

range was measured by having the subjects singing ascending and descending scales on 

the syllables "mah" and "moo" to find the highest and lowest pitches which could be 
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produced. Singing voice quality was determined by having each subject sing "America" 

in a key of choice and in the key of F major. Music teachers listened to the tape 

recordings of each subject and rated the degree of breathiness heard in each subject's 

voice. Self-perceptions regarding the speaking and singing voices were recorded on an 

assessment sheet and obtained through conversations with the subjects. 

Williams found that the post-menarcheal girls had lower speaking fundamental 

frequencies, lower physiological frequency ranges, and higher incidence of breathiness in 

the voice quality than did the pre-menarcheal subjects; however, differences between the 

means for the two groups were not significant. The post-menarcheal group also reported 

higher incidences of "vocal inconsistencies" (1990). 

Curry's 1940 cross-sectional comparison of the speaking voices of ten-, fourteen-, and 

eighteen-year olds males was a landmark study in that for many years it provided 

virtually the only quantitative data on adolescent voice change (Hollien & Malcik, 1967). 

Eighteen subjects were selected for the study: 6 ten-year olds, 6 fourteen-year olds, and 

six eighteen-year olds. The subject groups were identified as "pre-adolescent", 

"adolescent", and "post-adolescent" respectively. Selection controls employed were 

physical size, chronological age, reading comprehension, speaking ability, and 

intelligence, in order to use a group representative of the population. A 55-word passage 

was read by each subject, phonographically recorded, and analyzed for SFF and 

frequency variability. Curry found that the ten- and fourteen-year old groups 

demonstrated a SFF close to C4/26I.6 Hz, while the 18-year olds had a SFF one octave 

lower at approximately C3/I3O.8 Hz (Curry, 1940). 

Pedrey (1945) investigated the phenomenon of voice breaks (frequency breaks or 

"cracks") in the adolescent male voice and the relationship between voice change and 

pubic development. His 1,014 subjects were between the ages of 11 and 15 and were 
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drawn from public schools in Louisiana and Mississippi. Each subject read a five-minute 

passage as the investigator listened for sudden frequency breaks in the voice and judged 

whether the voice quality was childish, adolescent (in a state of change), or adult-like. 

Afterward, each subject's pubic hair development was recorded surreptitiously as their 

weight was measured. Pedrey reported that the highest incidence of child voices was 

found among the 11-year olds (38.31%) while most adult-like voices were found among 

the 15-year old subjects (43.78%). The adolescent voice quality constituted a majority at 

every age level, with the highest incidence found among the 13-year old subjects 

(87.9%). The Chi-square method revealed that the correlation between pubic hair 

development and voice change was .68, not significantly higher than chronological age 

and voice change (r = .65). Finally, there were very few voice breaks which occurred 

during the reading portion of the study. Pedrey (1945) reported only 4 frequency breaks 

in a period of 84 hours total reading time. 

After reviewing previous cross-sectional studies on male adolescent voice change, 

Hollien and Malcik (1967) decided to replicate the Curry (1940) study to determine if any 

trends were changing in regard to the process of vocal mutation. They concluded that: 1) 

voice change seems to occur, on average, before the age of 14; 2) does not appear to be 

related to differences in climate; 3) appears to occur at an earlier chronological age than 

in previous decades; 4) takes place in white and African-American males at 

approximately the same age (Hollien & Malcik, 1967). 

One of the few longitudinal studies of male voice change was conducted in 

Argentina over an 18-month period on 33 subjects ranging in age from 9.2 to 18.1 years 

old (Tosi, Postan & Bianculli, 1976). The subjects were classed into six groups, each 

representing a different maturational stage based on hormonal and physiological 

characteristics, and recordings were made of their speaking five sustained vowels and a 

short sentence. The data were collected at intervals of 4.5 months. The researchers 
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found that the maximum rate of change in SFF and physiological maturation coincided at 

Stage III, which had a range of 12.0 to 14.3 years old and a mean age of 13.3 years old. 

The researchers did not generalize beyond their sample, but concluded that the climactic 

point for voice change from child voice to mature voice for Argentine middle-class urban 

children of European descent appeared to be 13.3 years of age (1976). 

Studies of Changes in the Singing Voice 

There has been some disagreement as to whether boys undergoing voice change 

should sing at all. During the 19th century, Manuel Garcia, the renowned voice teacher 

and inventor of the laryngoscope, and Sir Morell Mackenzie, the first English 

laryngologist, disputed this very point. Garcia felt that he had suffered vocal damage 

from singing during puberty and recommended that young men abstain from singing 

during this period. Mackenzie, however, advocated singing with care and proper 

direction as a means of assisting the voice in its growth and development (Cooksey, 

1977a; Fritzell, 1981). It is most interesting to see that in this century the fields of vocal 

pedagogy and laryngology have switched their respective positions on the issue . 

Brodnitz (1959, 1983) strongly advocated that boys undergoing voice change should not 

participate in choirs or any other formal singing. His contention was supported by others 

in his profession (Panel discussion, 1980). Music educators, naturally, feel strongly that 

young men at this stage of development ought to be involved in choral singing and can 

learn proper use of the singing voice even while it is undergoing profound changes 

(Cooksey, 1977c; Cooper, 1970; Swanson, 1976,1984). 

A seven-year study of the effects of vocal training on 175 children during the period 

of vocal mutation was undertaken in Louisiana (Blatt, 1983). The subjects ranged in age 

from 7 to 16 years old. The aim of the training program was to continue musical 

achievement while reducing the possibility of damage during the mutation period. Blatt 

was the attending physician who regularly examined the subjects for possible vocal 
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damage. The results of the program led him to conclude: "Vocal mutation is a natural 

process of maturation which can safely occur along with ongoing development of singing 

skills and musicianship" (Blatt, 1983, p. 468). 

Speech Studies 

Lang (1966) made recordings of 106 students from two secondary schools in Berlin 

singing, speaking, and whispering a song, a sentence, and isolated vowels. One year 

later, he repeated the procedure with 59 of the students from the initial sample. The 

purpose of the study was to determine whether or not an individual's voice possessed 

qualities which would make it recognizable as the same person's voice before and after 

pubertal voice change. In this regard, the hypothesis was not supported by the results: 

neither school-age students, university students nor music educators who listened to the 

tapes were able to successfully match paired recordings of 7 subjects' voices. They had 

greater success in matching the unchanged with the mature singing voice. Lang also 

found that increases in the subjects' height and weight were directly proportional to the 

lowering of the lower voice range (1966). 

Frank and Sparber (1970) used sonographic analysis to compare the pre-pubertal 

(unchanged), pubertal (changing), and post-pubertal (changed) voices of five subjects. 

They found that amplitude or vocal intensity production was not steady until after the 

voice had completed its change process. The greatest irregularity in vocal intensity was 

found during the mutation stage. The same voice singing the same pitch at different 

stages of development could not be identified as belonging to the same subject. This 

aspect of Frank and Sparber's study corroborates Lang's (1966) findings on vocal 

recognition, and indicates that the changes which the voice experiences as a result of 

mutation are profound indeed. 

Many of the studies concerned with the changing voice have focused on the physical 

aspects of mutation, that is the relationship of voice to overall body changes connected 
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with puberty. A Danish study tested 48 young men ranging from 8 to 19 years old to 

determine whether there is a relationship between voice categories, hormonal levels and 

secondary sex characteristics (Pedersen, M0ller, Krabbe, Bennett & Munk, 1986). The 

researchers measured the subjects' physical characteristics and conducted blood 

examinations to determine the hormone levels present in the bodies of the various voice 

types. Vocal characteristics measured were range, speaking fundamental frequency 

(SFF), and intensity. The researchers found a "significant connection" between vocal 

characteristics, physical attributes and hormonal levels, which could be explained by the 

dependency of age. In other words, voice type, whether changed or unchanged, was 

linked to the age and sexual maturity level of the subjects. 

Schilling (1948) reported case studies of voice change which he conducted on his 

own four sons between the years of 1920-1942. He surmised that the expansion of the 

lower range is most likely due to the growth of the vocal cords. The expansion of the 

upper levels is indicative of the interaction of laryngeal growth with the dynamics of 

tension and the formation and distribution of register, in his view. The "breaking" of the 

voice was usually preceded by a gradual extension of the lower range. 

Lang's (1966) study of 106 students from two Berlin secondary schools (Gymnasien) 

found that the increase in height and weight during the period of voice change is directly 

proportional to the lowering of the lower voice range. This finding parallels a similar 

conclusion of Joseph's (1969). The frequency ranges of the subjects were between 19 

and 26 semitones. The range of normal speech was approximately 8 semitones, or a 

perfect fifth in musical terms. The significance of the last point is related to the concept 

of a vocal tessitura. It has been suggested that the tessitura encompasses anywhere from 

a perfect fifth to an octave. 

Naidr, Zboril, and Sevcik (1965) conducted a five-year study of voice change in 100 males 

between the ages of 12 and 15 years old. They monitored changes in the singing and speaking 
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voice, laryngeal growth and height, weight and pubertal stages. They found that the principal 

changes in the voice occurred in the first half of the pubertal growth stage, concurrent with the 

maximum gains in height, but preceding growth of the larynx. They summarized their findings 

on the sequence of vocal mutation as follows: 

1) Prior to voice change: child's voice range; maximum height of the larynx is 
30mm; significant increase in body height; 

2) Initial voice change (12-13 years): significant loss of upper range; noticeable 
changes in vocal folds, epiglottis, and thyroid cartilage; maximal height 
gain; 

3) Crux of change (13-14 years): overall narrowing of the vocal range; 
prominence of thyroid cartilage, large epiglottis; greatest increase in weight; 

4) End of voice change (14 to 15 years old): lower range of mature voice 
established and new extension of total range; vocal folds reach maximum 
length as larynx completes its growth in every dimension; further increase in 
weight, cessation of gains in height. 

While others have looked at pubertal changes in young men and tried to predict voice 

change, Hollien began with the hypothesis that vocal characteristics such as the speaking 

fundamental frequency (SFF) and phonational frequency range (PFR), or voice range, 

might indicate the beginning and ending phases of puberty (1978). In addressing an 

annual meeting of The Voice Foundation at which changes in the voice over the human 

life span were being considered, Hollien reported that his findings on the predictive 

nature of vocal mutation were inconclusive, but he did generalize from his data: 

"... while puberty is obviously a maturational process and AVC (adolescent voice 
change) factors are among its consequences, it is not known if they correlate with 
this process closely enough to be useful as predictive functions. Nevertheless, it 
is possible to state that: a) some boys enter AVC and presumably the pubescent 
period as early as 10 or 11 years, b) most boys have entered the adolescent period 
by 14.5 years, c) voice change correlates reasonably well with other parameters 
related to such change, d) most males have completed the AVC process by 18 
years of age, e) the greatest changes occur during the period between 12 and 16 
years,... g) boys show increased phonational frequency ranges during puberty 
and h) great individual variability occurs in AVC, and presumably puberty itself, 
with respect to both onset and duration" (1978, p. 42). 
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Hollien's interest in this question led to his initiation of a 5-year longitudinal study of 

48 males in Wichita, Kansas, in order to obtain information about the onset and duration 

of adolescent voice change, changes in phonational frequency range (PFR) during the 

mutation process and physical growth related to the subjects' ages and vocal development 

(Hollien, Green & Massey, 1994). The researchers were interested not only in group 

measurement, but also data on individual subjects. Sixty-five subjects between 10.5 and 

11.5 years old began the study and were measured bi-monthly in order to determine their 

SFF, PFR and physical characteristics. Speaking fundamental frequency was determined 

by having the subjects read "The Rainbow Passage"—a two-paragraph text developed by 

Fairbanks in 1960 and standard in clinical and research studies. Frequency range was 

measured by having the subject listen to a reference tone through a single headphone and 

match it by singing downward by half-steps and then upward in the same manner in order 

to determine his upper and lower boundaries. No criterion for vocal quality was used in 

determining range. Over the course of the study, 48 of the original 65 subjects were able 

to complete the 5-year project. Three subjects had still not initiated voice change by the 

end of this period. 

The markers for onset and end of adolescent voice change were taken from a previous 

study (Hollien and Malcik, 1962b). The onset criterion was established when a subject's 

SFF dropped below 190 Hz (~F#3/G3). A subject was judged to have reached the end of 

the change process when his SFF was less than or equal to 140 Hz (~C#3). Accordingly, 

Hollien and his associates defined unchanged voices as "preadolescent", changing or 

mutational voices as "adolescent", and changed or mature voices as "postadolescent." 

The subjects in the study typically began voice change between the ages of 12.5 and 14.5. 

The mean age was 13.4 years old. The mean duration of change was 18 months, which 

contradicts the assertions in previous literature of 3-6 months (Luchsinger and Arnold, 

1965; Weiss, 1950). 
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In regard to the speaking voice, the researchers found much variability in the subjects' 

SFF prior to the onset of voice change. The mutation process was characterized by a 

steady descent in SFF, which does not support anecdotal claims of "overnight" changes in 

a young man's speaking voice. There was some variation, but generally a stabilization of 

SFF at the end of adolescent voice change. Comparison of the obtained SFF values from 

the various readings of "The Rainbow Passage" revealed that the mean SFF varied from 

1.2 to more than 8 semitones (standard deviation = 3.4 semitones). This was somewhat 

surprising; however, these differences were not related to either subject age or stage of 

vocal mutation. 

The frequency ranges in the pre-adolescent, adolescent, post-adolescent stages of 

development were not significantly different. Most subjects had the largest frequency 

range during the adolescent period. This would appear to contradict the theories of 

choral music experts who described the changing voice as one limited in its range 

capabilities (Cooper & Kuersteiner, 1970; Cooksey, 1977; Collins, 1993). However, it 

should be noted that Hollien, Green & Massey (1994) investigated PFR, or the total 

frequency range, whereas choral experts were typically concerned with MFR or musical 

frequency range, which is more restricted in scope due to consideration of vocal quality. 

The researchers noted this difference as well in remarking that their findings were 

consistent with those of "musicologists", by which they meant music researchers: "...data 

on the extent of the PFR ranges is consistent with the position articulated by many 

musicologists. They suggest that the fact a boy's physiological range may be somewhat 

extended during adolescence does not mean that his singing range will be extended 

also—or, for that matter, that the quality of his singing voice will not suffer during this 

period of life." (Hollien, Green & Massey, 1994, p. 2652). Hollien, Green and Massey 

were specifically referring to Cooksey's (1985) writings on the changing voice in regard 

to range restrictions. 
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Music Education Studies 

Cooksey's (1977a, b, c; 1978) essayistic articles in The Choral Journal were the first 

comprehensive survey of the literature on voice change in a music education journal. His 

model of five stages of voice change is presented in Figure 3. Since the publication of 

The Choral Journal article series, Cooksey has presented his own data to support his 

conclusions (1984; 1985). Based on his 3-year study of 86 seventh-grade boys from the 

Orange County Unified School District of California, Cooksey (1985) slightly revised the 

Cooksey Classification System, making amendments for range, tessitura, and speaking 

pitch for the six stages of vocal development (Figure 4). In reporting this revised index, 

Cooksey indicated which of his upper and lower range limits agreed with the findings of 

previous studies by Naidr, Sboril & Sevcik (1965) and Frank and Sparber (1970). 

A full report of Cooksey's 3-year longitudinal study of California seventh-grade boys 

has yet to appear in a professional journal, although Cooksey has used some of the data in 

presentations made at various conferences throughout the United States (Cooksey, 1981, 

1984,1985; Cooksey, Beckett, & Wiseman, 1980; Cooksey, Beckett, & Wiseman, 1981). 

That Cooksey's data have gained general acceptance within the choral music education 

profession is evident from the number of studies which are based upon his work (Groom, 

1979; Russell, 1980; Rutkowski, 1981; Barresi & Bless, 1982; Barresi & Russell, 1982). 

Cooksey's thoroughness in summarizing the literature was such that few questions 

have been asked regarding the validity of the theory posed. The theory was labeled 

"eclectic" since it allegedly harmonized the conclusions of the cited scientific studies and 

the theories of prominent changing voice authorities from the music education profession. 

One difficulty seen in this approach is that the members of the latter group disagreed 

sharply with each other, despite their failure to support all of their pronouncements on the 

nature of the changing voice with appropriate documentation. For example, McKenzie 
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Figure 3. The five stages of vocal mutation (Cooksey, 1977b) 
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(1956) posited that young men go through a gradual process of change whereby an alto 

voice eases into a tenor voice over time and subsequently emerges as a baritone. Cooper 

(1970) maintained that almost all young men pass through a baritone phase, after which 

some develop into tenors and others into basses. Cooper further asserted that his position 

was supported by his investigation into vocal ranges of young people in other countries 

(1967). Swanson (1977) stated that he identified many true basses and basso profundos 

in the junior high school age group. These three positions differ markedly from each 

other, which makes them rather difficult to synthesize into a single theory. 

Cooksey (1977a) identified sources of conflict between the theories of contemporary 

changing voice authorities Cooper (1970), McKenzie (1956) and Swanson (1977) 

without reconciling them or addressing the issue of which of the theories was correct. It 

should be noted, however, that Cooksey studied under Cooper at Florida State University. 

Cooper, the father of the "cambiata" school of voice change taught that all young men 

pass through a baritone phase in the mutation process and subsequently emerge as either 

tenors or basses (1970). "Cambiata" is a term Cooper invented to designate the mutation 

period. McKenzie, on the other hand, believed that voice change is successive, marked 

by boy sopranos becoming altos, altos growing into tenors, tenors arriving finally at a 

bass classification (1958). 

Cooper and McKenzie viewed the mutation process as gradual, whereas Swanson 

wrote that it was sometimes rather abrupt, often resulting in what seem to be "overnight" 

mutations. He reported the presence of true basses and basso profundos in the junior high 

and middle school. Swanson further identified a "hole" in the range around middle C, 

consisting of an area comprised of 3 to 4 semitones in which the singer could produce no 

sound at all. Swanson attributed this difficulty to the inability of the young man to bridge 

the gap between the new baritone range and the older treble voice (1984). 
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Cooper not only rejected the idea of basses who mature early, he attributed the sound 

of bass notes in cambiata singers to an "aural illusion", an interesting, if somewhat mixed, 

metaphor. It was Cooper's contention that these faux bass notes were actually one octave 

higher in frequency than they appeared to sound. He maintained that the peculiar timbre 

of young voices at this stage of development made them sound as if they were singing in 

the bass range (1970). 

The "aural illusion" theory was completely rejected by Mayer and Sacher (1964), who 

not only attacked Cooper's theory of vocal development but went on to maintain that the 

"Cambiata School" practice of restricting singers in the range they are allowed to use 

during mutation is actually harmful to young voices. Mayer and Sacher offered no proof 

for this claim, except for anecdotal evidence of singers they had worked with in junior 

high choirs who could sing in a much lower range that Cooper would admit. 

In an attempt to finally reconcile the conflicting views on voice change, Phillips and 

Emge (1994) invented a procedure to determine whether a training period on the 

difference between "head voice" and "chest voice" would enable 7th and 8th grade choral 

students to expand their lower singing range. The theory behind the procedure was that 

the treble range of an unchanged voice utilizes the head register, whereas the fuller sound 

of a changing voice requires the use of chest register. The procedure was tested on 52 

middle school singers, with the result that mean increase in total range was 4 to 5 

semitones for most of the subjects. Phillips and Emge commented: "This indicates a 

training effect is important in helping boys undergoing mutation to learn to use their new 

lower voices while maintaining some usage of the treble range" (1994, p. 17). 

Friesen (1972) compared the results of his research with those from a study of 

California boys in grades 7, 8 and 9, conducted by Sturdy (1939). Friesen found that the 

mean age for voice change in his research was 13.8 years, compared to the mean age of 

14.25 years determined in the 1939 study. He concluded that this indicated that puberty 
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and its attendant consequences on the voice were occurring at earlier ages than had been 

the case in the past. This finding is generally supported in the literature (Swanson, 1959; 

Cooper & Kuersteiner, 1970; Squibb, 1982; Hollien & Malcik, 1967; Weiss, 1950), and 

its causes have been ascribed to better nutrition and overall health in children. Friesen 

did not address the fact that differences between his findings and Sturdy's might have 

resulted from differences in geographic location and racial distribution of subjects. 

Another major difference which Friesen did not acknowledge is that no sixth graders 

were included in the 1939 study. This would obviously impact the findings in a 

significant way. The inclusion of younger subjects could not fail to lower the mean age 

for vocal mutation. 

Joseph (1959,1965,1966, 1969) examined the role of physical growth in voice type 

and the changing voice. His dissertation investigated the relationship between physical 

attributes of height, weight, dentition (presence of permanent teeth), hip and shoulder 

breadth, biotype (body build—ectomorphic, etc.) and voice range (1959). His subjects 

were 907 students (517 males, 390 females) in the Brookline, Massachusetts public 

schools, ranging in age from eleven to eighteen years. Among his findings were these: 

1) Both before and after puberty, as the subject's age increases, voice pitch 
deepens; 

2) As overall body size increases, voice range lowers; 

3) Within each biotype, larger subjects had lower-pitched voices; 

4) Generally, more muscular biotypes had lower voice ranges than 
less muscular; 

5) At every age, increase in shoulder breadth paralleled range lowering. 

In summarizing his findings in the Journal of Research in Music Education. Joseph 

stated ".. .it is possible to report that the resultant data underscores the contention that 

vocal growth is indeed a process which can be recorded and classified in a highly 

successful manner" (1965, p. 99). With regard to voice ranges and body types, Joseph 
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found characteristic tendencies for the ectomorphic (slender), endomorphic (fat), and 

mesomorphic (muscular) builds: 

"It can reasonably be expected that boys displaying endomorphic characteristics 
will retain their high voice ranges longer, and that those displaying mesomorphic 
characteristics will show the first evidences of lower range. It is also defensible 
to state that boys showing ectomorphic characteristics will probably demonstrate 
the least extensive change of voice" (1966, p. 140-141). 

Hollien & Malcik's (1967) conclusion that voice change in Caucasian and African-

American males takes place at approximately the same time is at odds with Hughes' 

(1984) findings on vocal maturation in white and non-white subjects. She used Cooper & 

Kuersteiner's (1970) group classification method to identify the vocal maturation level of 

336 white and 630 non-white boys between the ages of 10 and 14. The vocal 

classifications used were unchanged, changing, or changed voices. The subjects were 

tested in October and again in February to determine frequency distributions for the 

various maturation levels. Based on her data, she concluded that change from one 

developmental level of vocal maturation to the next occurred at an earlier age in her non-

white subjects. While this appears to directly refute Hollien & Malcik, differences in 

procedure should be noted. Hollien & Malcik tested their subjects individually and used 

a reading passage to determine the mean SFF for each subject. Hughes used a group 

classification procedure for placing pubertal males within an appropriate choral section. 

She did not follow this with individual voice testing, contrary to the recommendations of 

music education authorities on the changing voice (Cooper & Kuersteiner, 1970; 

McKenzie, 1956; Swanson, 1973; Cooksey, 1977c). Given the different aspects of the 

voice examined in the two studies (speaking voice versus singing voice) and the more 

rigorous experimental design of the Hollien & Malcik study, Hughes' findings are far 

from conclusive and do not challenge the 1967 study in a convincing manner 

Groom's study of 40 junior high boys was undertaken to "document physical and 

vocal development" in adolescents experiencing vocal mutation (1979). The subjects had 
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participated in one of three junior high choral programs in Florida and were tested in May 

and again in October to determine what changes occurred over the summer. This period 

was chosen because, as the researcher stated, it is a time of increased physical activity 

and typically does not afford singing experiences found in the schools. The 

characteristics observed in this study were age, height, weight, speaking pitch, range, 

tessitura, vocal flexibility, rhythmic agility and vocal maturity. Groom concluded from 

her results that: 1) there was a significant correlation between height increment and low 

terminal pitch (the lowest note the subject could sing); 2) as reflected in this study and 

others, male voices are changing at increasingly younger ages; 3) the summer months are 

a period of distinct change. 

Swanson (1959) studied the effects of grouping boys in general music classes 

according to their level of sexual maturity as determined by secondary sex characteristics. 

The treatment period lasted one school year and placed 85 eighth-grade boys in the 

experimental group where the subgroups were most alike in terms of physical 

development. The control group of 100 boys remained in general music classes with the 

girls. At the end of the school year, the experimental group demonstrated greater gains in 

vocal development (range expansion), favorable attitudes toward music (also reflected in 

number electing to participate in ninth-grade choir), and overall musical knowledge. The 

experimental group further indicated their level of musical knowledge was equivalent to 

that of the female students, while the control group tended to lag behind the girls. 

Joseph identified indicators of sequence and chronology in vocal maturation based 

upon physical characteristics. His findings led him to conclude that "maturation may be 

classed as early, average, or late by determining the age of maximum growth in height 

and weight, appearance of the second molars, dramatic changes in blood pressure rate, 

maximal skeletal development, outward physical characteristics, and glandular function" 

(1965, pp. 99-100). He identified the age of 15 years, 4 months as the period when 
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characteristics of the "mature" male voice emerge. This led him to the conclusion that 

until this age, attempts to use mixed choir literature which demands vocal characteristics 

of the mature male voice will not be successful. The sophomore year of high school 

would mark the point at which most males will have reached this maturity level. Joseph 

summarized his findings, which were based on a study of eleven through eighteen year 

olds: "The overwhelming weight of evidence in this study established that the lowest 

voice ranges were produced by the oldest (most physically mature) subjects.. .Thus, it is 

reasonable to state that the fully 'mature' voice is probably the exception rather than the 

rule in the secondary school" (Joseph, 1966, p. 141). 

Voice Classification During Voice Change 

One major factor affecting the findings of various studies is whether or not tone 

quality is taken into consideration when testing range limits. The physiological 

frequency range (PFR) are the absolute highest and lowest frequencies which a subject 

can produce. This range would allow shrieks and quasi-growls to be considered part of 

the legitimate range. If tone quality is taken into consideration, then the range is defined 

as the musical frequency range (MFR), encompassing tones which are acceptable for 

singing (Hirano, 1981). 

The basic criteria used in classification of voices for choral ensembles, whether 

adolescent or adult, are consistently identified as range, tessitura, and voice quality 

(Robinson and Winold, 1976; Roe, 1983; Swanson, 1973; Cooper & Kuersteiner, 1970). 

Range represents the total available pitches in the voice from lowest to highest, tessitura 

is generally considered the optimum or usual compass which may be used (although 

exact means of identifying this spectrum are seldom specified), and voice quality is the 

timbre or "color" of the voice. Robinson and Winold (1976) also mentioned the 

"speaking pitch" or note around which the singer seems to center normal conversational 

tone, and the points of register transition or "lifts" in the voice as additional means of 
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placing a singer within the appropriate section. Their method is intended for high school 

and adult choristers, however, and they did not deal with young adolescent voices in their 

publication. 

Writers on pubescent voices have agreed that classifying these young singers involves 

looking for general trends in the voice and realizing that frequent testing is necessary to 

identify movement from one stage of mutation to another. Roe (1983) stated that the 

tonal quality of the voice will change as the singer vocalizes up or down the scale and 

that the change in quality signals "boundaries" (which may be likened to "lifts" 

mentioned previously) for the voice. Cooper (1970) classified boys' voices as 

unchanged, "cambiata" (changing voice) or baritone, based on range and vocal quality. 

He devised a group method of identifying classifications within a five- to ten-minute 

period. It involves having all boys sing "America" (or a similar song familiar to all) 

together and listening for which are singing in the lower octave. These will be the 

baritones. The remaining boys sing the song in a new, higher key, and those which are 

unable to do so are classified as "cambiate", because during this mutation stage they find 

singing in the upper treble range difficult, if not impossible. This method was applied by 

Rutkowski (1981) in a parochial school in New York and found to be workable. 

However, she agreed with Cooksey (1977) that individual voice testing is also needed. 

McKenzie (1956), an English choirmaster, advanced the "alto-tenor" plan as his 

theory of how the changing voice ought to be classified. He felt, as did Cooper, that 

mutation is a gradual process and the consequential lowering of range is gradual as well. 

Boys' voices are classified as Soprano I or II, Alto, Alto-Tenor, and Baritone. Range is 

the basic determinant of these categories before change occurs; timbre is more significant 

indicator during or after mutation. Individual testing of voices is necessary in using this 

approach. 
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Swanson (1973) argued that Cooper and McKenzie were mistaken in that they failed 

to recognize that most voices change rapidly and drop at least an octave in the change. 

He maintained that many basses appear in the junior high school and that these basses are 

able to phonate extremely low frequencies using the vocal fry. He pointed out that many 

boys in the stages of voice change have areas around middle C where the voice breaks or 

cannot sound at all. While McKenzie (1956) recognized the "break" phenomenon, 

Cooper (1970) denied its existence, citing the English choirmasters' practice of trying to 

prolong the treble voice usage in the pubescent singers as the reason for cracking. 

Swanson believed in individual voice testing since the mutation process is unique to each 

singer and not a smooth transitional phase. 

In articulating the theories of changing voice authorities Cooper, McKenzie, and 

Swanson, Cooksey (1977a) identified these areas of agreement: 

1) Voice change occurs at the onset of puberty and is directly related to 
the development of primary and secondary sexual characteristics; 

2) Irregular growth rates of the vocal mechanism can render the voice 
unpredictable and difficult to control, especially if it is forced out of a 
manageable pitch range; 

3) In boys between the ages of 12 and 15, their voices will be in several 
different stages of growth; 

4) The rate of vocal mutation is not constant but varies with individuals; 

5) Individual and group testing of voices is necessary to proper placement 
within the choir. 

Wilson (1970) embarked upon a twelve-year study of child voice classifications in 

Oregon with subjects that entered the first grade in her school system and eventually 

graduated from high school. Among her findings were variability in range and tessitura 

within all age groups, boys generally had lower voices than girls, boys' voices did not 

differ significantly from girls' voices except around 11 years old when the range 

narrowed before puberty, and that her results indicated that current materials and 
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practices found in music textbooks and similar publications were in conflict with research 

on the child voice. 

Adcock (1970) compared vocal ranges of 474 middle school subjects with songs 

published in the middle school general music curriculum and found, as did Wilson, that 

the materials were generally unsuited to the ranges of her subjects. She noted that: 1) 

most boys' voices become lower and appear to change gradually in grades 5-8; 2) some 

boys retain their high treble range for an indefinite time after lower notes appear; 3) 

narrow vocal ranges occur more frequently in boys than girls; 4) girls' range capacity 

increases slightly in each middle school year. An estimated "transesent" vocal range 

(transesent being the stage of development which begins prior to pubertal onset and 

extends through the early years of adolescence) was identified from the high and low 

terminal pitches sung by the students. 

Cooksey (1985) revised his assignments of age parameters to the various stages of 

voice change, as reported in past publications (1977b, c), since individual growth rates 

vary widely. Instead, he identified general trends which he observed for the pattern of 

development: 1) many voices move into the Midvoice I category (begin to change) 

around the ages of 11 -12; 2) the Midvoice II classification is most common in the 7th 

and 8th grades (ages 12 -14); 3) very few Unchanged and Midvoice I voices are found in 

13 -14 year olds (Cooksey, 1985). 

Friesen (1972) studied the voices of 192 males in grades 6-9 in an Oregon school 

district and compared his findings with those of Sturdy (1939). His classification system 

followed McKenzie's alto-tenor plan in that sopranos I and II were "unchanged", altos 

and alto-tenors were "changing", and baritones and basses were "changed" voices. 

Wolverton (1985) used stepwise regression to compare the opinions of secondary 

school choral directors with the data gathered on a subject group of high school singers to 

determine the best means of classifying adolescent voices. He defined tessitura as "that 
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portion of a subject's vocal range that exhibited the greatest intensity and least muscular 

tension." Wolverton individually tested the subjects, and asked their opinions as to which 

notes felt the most comfortable to them and which they felt were a legitimate portion of 

their range. This indicates that the musical frequency range, rather than the physiological 

frequency range, was examined. He then asked high school choral directors in the state 

of Iowa to listen to tapes of the singers, classify each voice and identify the factors which 

they felt to be most important in classifying high school voices. In Wolverton's subjects 

classified as basses, an interval of 6 semitones lay between the highest note of the 

tessitura and the note of register change. The distance between the lowest note of the 

range and the first note of the tessitura was 6 ST's for tenors and 4 ST's for basses. 

Wolverton's findings were that range, register change, tessitura, and voice quality were 

significant factors in classifying adolescent voices, with tessitura being the most 

important factor. 

Van Oordt and Drost (1963) investigated the frequency ranges of 126 children aged 

infant through 16 years old. They sought to determine the PFR, the MFR, and the 

speaking voice and reading voice frequencies of their subjects. Whereas previous studies 

had suggested that the ranges of children's voices were rather limited when compared 

with adult voices, van Oordt and Drost found that even very young children had broad 

frequency ranges which, in terms of extent, approached those of adults, though they 

certainly did not parallel the mature ranges. The subjects' ranges increased significantly 

as they matured. Between the ages of six and sixteen, the decline in the frequency of the 

speaking voice (SFF) paralleled the drop in the lowest physiological tone (LPT). The 

researchers calculated the interval between SFF and LPT to be 4.3 (±2.3) semitones 

(1963). 

Frank and Sparber (1970) made 5,000 examinations of children's voices over a ten-

year period and compared their findings on children's vocal ranges with previous and 
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contemporary reports. They discovered that vocal development has accelerated in the 

latter part of this century to the extent that 7-year old children possess the range they 

would previously have had at the age of 11. Other research corroborated evidence that 

factors such as race,, climate, and home environment have an effect on the development 

of the vocal range. There was no difference in voice range with respect to gender for 

children's voices before puberty. Frank and Sparber labeled the stage in which the male 

voice settles into its new range following mutation as the "postmutation" phase. They 

emphasized that it is not clear what the eventual adult voice type will be until the age of 

18 for males and the age of 16 for females. Accordingly, they cautioned against voice 

training before these ages are attained. 

One fault which voice teachers might find with the conclusions of this study is that 

the researchers classified children's voices as soprano, mezzo soprano, or alto based 

solely on average ranges. The difference between the lower limits of each vocal range 

was only a whole step, while the upper limits varied by a third in either direction. 

According to the authors, the distribution of voice types was 50% mezzo soprano, 25% 

alto, 25% soprano. Sopranos were the predominant voice type in previous studies (Frank 

& Sparber, 1970). There was no discussion of vocal timbre, which voice teachers have 

identified as an important factor in determining voice type (Vennard, 1967; Appelman, 

1967; Miller, 1986; van Deinse, Frateur, Keizer, 1974). 

Phonetographic Studies 

The phonetograph was first described in a study by Calvet and Malhiac (1952). 

Damste (1970), Komiyama (1972) later proposed a graphic representation of fundamental 

frequency range and intensity range of phonation to evaluate vocal function and monitor 

the effects of treatment for various voice disorders. Damste named the graph 

"phonetogram" and Komiyama termed it "phonogram". Subsequent researchers found 

that the phonetogram could be used as a research tool to reveal basic information about 



38 

the voice and vocal function (Coleman, Mabis, & Hinson, 1977; Komiyama, Watanabe, 

& Ryu, 1984; Gramming, 1991; Akerlund, Gramming, & Sundberg, 1992). 

Phonetographic studies of the vocal characteristics of singers have been conducted by 

Coleman and Mott (1978), Coleman (1987), Pedersen et al. (1986), and Awan (1989). 

Coleman, Mabis, and Hinson (1977) sought to determine maximum and minimum 

limits for the fundamental frequency (F0) range and intensity output (SPL) of adult 

voices. The subjects were 10 males and 12 females with respective mean ages of 25.4 

and 24 years. In this study, no aesthetic restraints were placed upon the subjects' 

phonations, which is to say that tone quality was not taken into consideration. The 

physiological frequency range and physiological intensity limits were under investigation 

with a view towards establishing normative values for these measures. 

The subjects frequency ranges were determined by having them sing ascending and 

descending intervals on "ah" and then the total frequency range was divided into 10% 

frequency increments. The target frequencies were presented in random order and the 

subject was asked to phonate each one as softly as possible and then as loudly as 

possible. The complete procedure was repeated after 48 hours and the two sets of data 

were averaged. The results of the study are shown in Table 1. 

The striking thing about the data in this study is that there was little discrepancy 

between the values obtained for the male and female subjects on each of the measures. 

The greatest SPL range represents the difference between the minimum and maximum 

intensities produced by a single subject on a single frequency level. Mean SPL range for 

a single F0 indicates an average difference between minimum and maximum SPL's for all 

subjects. 

Komiyama, Watanabe, and Ryu (1984) reported the results of their study of 139 male 

and female Japanese subjects ranging in age from 6 to 30 years old. They found that the 

range of intensity for their subjects' voices was from 60 to 110 dB. They also observed 
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that there was a tendency for the sound pressure level to increase as the fundamental 

frequency increased. A drop in SPL was noted at the point within the range which would 

correspond to the "break" of the voice, where one would normally change vocal registers. 

The area between the minimum and maximum intensities produced throughout the 

frequency range was termed the "effective vocal volume." This corresponded to the SPL 

range discussed in Coleman et al. (1977). Comparisons of age groups revealed that 

effective vocal volume increases at ages 8-9 and 15-16 (1984). The researchers believed 

that this may reflect a stabilization of vocal function prior to and immediately following 

puberty. 

Table 1 

Fn-SPL values obtained from male and female subjects (Coleman. Mabis 

& Hinson. 1977) 

Measure Male Female 

Mean F 0 range 

Largest SPL range 
(single F0) 

Mean SPL range 
(single F0) 

SPL minimum 

SPL maximum 

37.1 semitones 

62 dB 

54.8 dB 

51 dB 

126 dB 

37.4 semitones 

63 dB 

51 dB 

48 dB 

122 dB 

In Coleman and Mott's 1978 study, the voice profiles of nine females from 10 to 13 

years of age were compared with those obtained on adult females in a previous study 
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(Coleman et al., 1977). In this investigation, both physiological frequency range and 

musical frequency range were recorded. The researchers found that the PFR of the 

younger subjects was restricted in comparison to the physiological limits of the adults. 

They also found that for subjects judged to be better singers, the MFR more closely 

approximated the PFR. That is to say, the subjects judged to be "good" singers used 

more of their PFR. 

While there is no standard procedure for obtaining the phonetogram, there has been 

an effort to recommend guidelines for collecting and reporting the data (Schutte and 

Seidner, 1983). There have been varying results in the phonetographic studies conducted 

thus far. This was ascribed to variations in testing procedure, as well as variability among 

subjects (Coleman, 1993). 

Gramming, Sundberg, and Akerlund (1991) researched variations of short-term 

intensity readings in soft and loud phonation and day-to-day or long-term vocal intensity 

variation over separate trials. Their subjects were untrained singers. Short-term intensity 

variation is that found within a single sustained phonation. Gramming et al. found mean 

short-term variations of 2 dB in loud phonation and 5 dB in soft phonation, which 

suggested that minimum phonations are more difficult to control. Long-term variation 

was measured over 15 testing sessions and the standard deviation from the mean for all 

trials was computed to be 3 dB. The largest variations were found at the highest 

frequencies in the range. In the case of one male subject, a possible training effect was 

observed as he increased his loud phonations by 10 dB over the course of ten testing 

sessions. The researchers concluded that the variations in the phonetograms did not 

detract from its usefulness as a clinical tool (1991). 



CHAPTER 3 

RESEARCH METHODOLOGY 

Subjects 

The subjects selected for the study were 50 males between the ages of 9 and 18 years 

old. All were students from the Lewisville (Texas) Independent School District. The 

researcher solicited the cooperation of elementary and secondary music teachers to find 

students and parents willing to participate in the study. Other subjects were identified 

through church and social connections. 

Since this was a cross-sectional study of vocal characteristics, the researcher sought 

to use subjects from each age group across the age range used in the study. Although it 

has been established that age is not a reliable predictor of pubertal stage of development, 

it was assumed that a relatively even distribution of subjects would insure that various 

stages of vocal development were represented and could therefore be compared. It was 

understood that subject-groups would likely be uneven in size. 

Each subject was interviewed regarding his vocal history and singing experience prior 

to the testing procedure. The investigator listened for any indications of vocal 

abnormalities, such as excessive hoarseness, laryngitis, symptoms of cold or respiratory 

ailments, which would render the data useless. The subjects had self-declared normal 

hearing and speech and verified that they were nonsmokers. 

Pilot Study 

A pilot study was conducted to determine the feasibility of the study and to identify 

problems in the data collection procedure. Ten subjects participated in the pilot study. 

Data collection took place in November and December, 1992. Ages and number of 

41 
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subjects for each age group were as follows: 

Age- 9 10 12 14 15 17 

Number- 1 1 3 2 1 2 

The pilot study data were collected at two locations: a classroom at Peters Colony 

Elementary School in The Colony, Texas, and a classroom of a church in Lewisville, 

Texas. These locations were chosen since they were convenient and familiar to the 

subjects. The acoustic environment was "natural", which is to say that it was not a 

soundproof room designed to eliminate echoic feedback. This was in accordance with 

the recommendations made by the Union of European Phoniatricians for phonetographic 

data (Schutte and Seidner, 1983). 

Each subject's phonations were recorded using a Realistic Sound Level Meter (set to 

slow response and A weighting) at a mouth-to-microphone distance of 12 inches. A 

ruler was used to insure that the subject remained at this distance. Before each phonation 

was recorded, the investigator asked the subject to verify that he was exactly 12 inches 

from the microphone. The sound level meter was connected to a Sharp RT-115 Cassette 

Tape Recorder (peaked at -3 VU) and the data were recorded on Realistic C-60 Metal 

Tapes. Prior to recording subject phonations, a reference tone of 880 Hz at an intensity 

of 80 dB was recorded onto the cassette tape. A diagram of the data collection 

instrumentation and setup may be found in Appendix A. 

Each subject read aloud the first paragraph from a passage entitled "The Rainbow 

Passage" in order for his speaking fundamental frequency (SFF) to be recorded for later 

analysis. The use of the "Rainbow Passage" is common in speech science research, as the 

second sentence in the passage is constructed in such a way as to facilitate extraction of 

the mean SFF (Baken, 1987). The subject's "optimum pitch"—a frequency level at 

which the voice is produced with a minimum of tension and effort—was identified using 



43 

the "uh huh" method. (Prater & Swift, 1984). The subject was instructed to speak "uh 

huh" three times and prolong the last "huh". This phonation was recorded onto tape and 

identified using an electronic synthesizer to match the sustained phonation with the 

nearest corresponding semitone on the keyboard. 

Using the identified "optimum pitch" as a starting point, the subject was directed to 

sing ascending stepwise scale to the highest note he could sing with acceptable tone 

quality and without straining. This frequency was noted as the upper limit of the 

subject's frequency range. The lower limit of the frequency range was identified by 

starting from optimum pitch and having the subject sing descending stepwise scales. 

Again, tone quality and lack of strain were criteria in determining the lower limit of the 

subject's frequency range. 

The musical frequency range (MFR) was sought in this study. The investigator and 

subject had to agree on the acceptability of the tones identified as the upper and lower 

limits of the frequency range. After the upper and lower boundaries of the subject's vocal 

range were identified, the total frequency range was divided into 10% levels. 

Target frequencies at each 10% level were randomly presented to the subject through 

a single headphone from a Casio CZ-1000 digital synthesizer, calibrated to A=440 Hz 

using a Fluke Frequency Counter. The subject was instructed to sing each note using the 

"ah" vowel for approximately 3 seconds at comfortable, minimum and maximum 

intensity levels. The quality of each phonation was monitored by each subject and the 

researcher to insure the integrity of the data collected and to prevent any abusive vocal 

production. To assist the subject in matching the target frequency, a visual feedback 

system based on an instrumentation from a previous study (Awan, 1989) was used. A 

Shure unidirectional microphone was placed beside the sound level meter and connected 

through a TAPCO 6100B Preamplifier and BGW 100B Amplifier to the X-input of a 

Tektronix 475 oscilloscope. The signal from the synthesizer was connected to the Y-
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input of the oscilloscope so that a successful match between the target frequency and 

phonated frequency would be indicated by a stable Lissajous figure on the oscilloscope 

screen. 

The data were analyzed at the University of North Texas Voice Laboratory on an 

IBM-compatible 286 computer equipped with an analog-to-digital (A/D) conversion 

board. The Canadian Speech Research Environment (CSRE 3.0) software was used to 

capture a 3-second steady state portion of each phonation and compute the average 

intensity as a root mean square (RMS) value. The RMS was then converted to decibels 

(dB) for presentation on the phonetograph. 

The phonetograph has been the tool in numerous studies of the voices of adults and 

children (Coleman, Mabis & Hinson, 1977; Coleman & Mott, 1978; Komiyama, 

Watanabe & Ryu, 1984; Pedersen, M0ller, Krabbe, Bennett & Munk, 1986; Coleman, 

1987; Awan, 1989; Gramming, 1991; Akerlund, Gramming & Sundberg, 1992). The 

range is divided into various increments (often 10% levels, where the lowest note is 0% 

and the highest is 100%) and each target note is referred to as a frequency level (FL). The 

maximum ( / / , loudest) and minimum (pp, softest) phonations at each frequency level are 

recorded on the phonetograph. Measures plotted on the phonetograph include maximum 

and minimum, intensities at a given frequency level, the intensity range of phonation or 

the difference between intensity curve values at a given frequency level, the means of 

each intensity curve across the frequency range, and the mean difference between two 

intensity curves (e.g., mean minimum to maximum intensity range). In one study (Awan, 

1991), data on maximum and minimum phonations were supplemented with a plot of 

"comfortable" phonations—i.e., those which the subjects perceived as comfortable to 

sing. 

The subjects' frequency ranges indicated that, if classified by range alone, the voices 

of the ten subjects in this study were evenly distributed among the six stages of vocal 
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mutation proposed by Cooksey (1985). Age was not found to be a reliable predictor of 

voice classification due to the variability of individual growth rates. Maturation 

(biological age) does not necessarily parallel chronological age, as noted previously in 

the literature on voice change (Cooksey, 1977b, 1984,1985; Pedersen, M0ller, Krabbe, 

Bennett & Munk, 1986) and pubertal development (Tanner, 1972). This was evident in 

the pilot study from the fact that Subject 09 was already in Cooksey's Stage III category 

at 12.5 years of age while a Subject 06, age 12.7, was in Stage I. Subject 07 is 28 

months older than Subject 09, yet he was also in the Stage III category. 

Table 2 lists the subjects from highest to lowest voice type, and provides ages, ranges, 

semitones within the frequency range, and classification according to Cooksey's (1985) 

system. Based on their classifications by vocal range, the subjects were placed into three 

groups in order to compare their vocal characteristics as revealed by the phonetographic 

evidence: Unchanged Voices (n = 2); Changing Voices (n = 6); Changed Voices (n = 2). 

Mean measures of intensity on minimum, comfortable, and maximum phonations were 

determined for each subject group. Phonetographs were constructed to represent these 

group measures in order to compare the groups . 

Unchanged Voices. 

Figure 5 is a phonetograph of the mean intensity productions of the subjects in the 

Unchanged Voices group. The range has been divided into 10% levels (0% being the 

lowest note, 100% the highest note). The intensity or Sound Pressure Level (SPL) is 

given in decibels (dB). Since comfortable, minimum and maximum phonations were 

recorded for each frequency level, a total of 33 phonations per subject are represented on 

the phonetograph. 

The intensities of comfortable phonations and minimum phonations were more 

similar for the Unchanged subjects than was the case with the Changing and Changed 
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Table 2 

Classification of pilot study subjec ts according to Cooksev's model (1985) 

Subject Age Vocal Range Semitones Classification 

02 10.11 Bb3 - A5 23 Unchanged 

01 9.5 C4 - Eb5 15 Unchanged 

06 12.7 G3-C5 17 Stage I 

04 12.9 F#3 - F5 23 Stage II 

07 14.9 D3-G5 29 Stage III 

09 12.5 C #3-C #5 24 Stage HI 

05 15.11 Ab2 - F5 33 Stage IV 

08 14.6 Ab2 - F4 21 Stage IV 

10 17.11 F#2 - Bb4 28 Stage V 

03 17.5 Eb2-A4 30 Stage V 



47 

Unchanged Voices 

SPL 
(dB) 

110 

100 

90 

80 

70 

60 

50 

40 

; ; 

1 
c I 
I J 

* 
: 
i 

§ i J 
1 / i — 

< . / I 
> < ^ I \ I y 

— * • 

i 
i m r 

U ^ T — • — • — T — i 
i m r 

\ 
> - I I 1 
1 1 r i l l 1 j 

0 10 20 30 40 50 60 70 
Frequency Level (%) 

80 90 100 

Comfortable Maximum Minimum 

Figure 5. Phonetograph for pilot subjects with unchanged voices. 

Voices groups. The comfortable-to-maximum vocal area, which is the area between the 

comfortable-phonation line and the maximum-phonation line, was much greater than the 

minimum-to-comfortable vocal area (measured between the minimum and comfortable 

lines). Unchanged voices were capable, however, of maximum phonations which were 

of equivalent intensity to those produced by the pubertal subjects (Changing Voices). 

Changing Voices 

The voice profile shown in Figure 6 is rather smooth in appearance, as there are no 

striking variations in either the maximum or minimum lines. The increase in 

maximum intensity between the 0% and 10% levels is found here, as in the other two 

phonetographs. There was a 6-decibel intensity gain between the 50% and 70% levels 

for maximum phonation. This is perceived as a doubling of loudness (i.e., the phonation 

at the 70% level is "twice as loud" as the 50% level phonation). The comfortable 
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Figure 6. Phonetograph for pilot subjects with changing voices. 

measures of phonation were situated more nearly midway between the maximum and 

minimum intensity curves. 

Changed Voices 

Among the salient features of the voice profile in Figure 7 is the manner in which the 

comfortable intensity phonations are distributed almost midway between the minimum 

and maximum phonations. The minimum-to-comfortable and comfortable-to-maximum 

vocal areas appear to be of similar dimensions. 

The maximum phonation measure indicates a sharp rise in intensity (17 dB) between 

the 0% and 10% levels. The subjects were incapable of generating much intensity at the 

lowest point in their vocal ranges. A decrease in intensity is found between the 60% and 

70% levels. A similar phenomenon was observed in Awan's study of college-age 

subjects (1989). 
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The total vocal area (minimum to maximum) is equivalent to the total dynamic range 

of phonation. From the 10% up to the 60% frequency levels this area was quite large, 

signifying that the subjects had the greatest range of intensity control between these 

points. This may represent the tessitura of the voice, which is the "ideal range" or 

optimum vocal area for the singer. 

The phonetograph proved to be a useful tool in distinguishing between voice type 

groups. When grouped as Unchanged, Changing, or Changed voices according to 

Changed Voices 
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Figure 7 Phonetograph for pilot subjects with Changed Voices. 

frequency range, the subjects were evenly distributed across the five categories in 

Cooksey's (1985) model of the stages of vocal mutation. Although this means of 

comparing the voices was of some use in the pilot study, researchers on voice change 

agree that range alone is not a sufficient means of voice classification. Speaking 
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fundamental frequency (SFF) or speaking pitch is a more valid measure for identification 

of development status. Developmental differences revealed by the phonetograph were: 

1) All three groups indicated a 6-14 dB change in maximum intensity on the upper levels 

of the frequency range; however, while the Unchanged and Changed groups decreased in 

loudness, the Changing voice group showed a 6 dB intensity gain . 2) The area between 

the minimum and comfortable vocal measures was largest in the Changed voice group 

and next largest in the Changing voice group. 3) The Changed Voices had the greatest 

vocal dynamic range and maximum intensities. Their minimum-to-maximum vocal area 

was largest between the 10% and 60% levels. 

The pilot study indicated two issues in the data collection procedure which needed to 

be addressed. The first had to do with the data samples themselves. In the pilot study, 

each subject sang one 4-5 second phonation per frequency level at minimum, comfortable 

and maximum dynamic levels for a total of 33 phonations. From each of these 

phonations, a 3-second sample was digitally recorded as an analog-to-digital transfer 

using the CSRE 3.0 in order to measure intensity. That is to say the initiation and release 

of the sung tone were eliminated in most cases so that the resulting sample was a steady-

state phonation. For the main study, it was decided that 3 phonations of each frequency 

level would be recorded at the three intensity levels, yielding a total of 99 phonations. 

The second phonation at each frequency level was then digitally sampled, except when 

the subject could not maintain the tone or exhibited some other problematic vocal 

behavior. 

Another concern dealt with the presentation of the target frequency. It was 

conjectured that presenting the tone through a single headphone might contaminate the 

data through an elicitation effect or "Hawthorne effect", whereby the subject would 

match the intensity level of his phonation to the perceived intensity of the target 

frequency. While one phonetographic study presented the target frequency through a 
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speaker, which could control for this possibility (Coleman, Mabis & Hinson, 1977), 

another researcher used the single headphone method employed in the present study 

(Awan, 1989). Data obtained in the pilot study indicated that subjects varied the intensity 

of their phonations to a degree which would indicate no evidence of an elicitation effect 

The researcher also personally monitored the loudness of each target frequency as it was 

presented to the subjects and asked each subject to indicate whether a particular target 

tone sounded too loud or too soft. In this way, the target frequencies were presented in a 

consistent manner to control for any elicitation effect. 

In the pilot study, an IBM-compatible 286 computer with an audio-to-digital 

conversion board was used to execute the CSRE 3.0 software program for data analysis. 

Between the data collection for the pilot study and that for the main study, the University 

of North Texas Department of Communication Disorders purchased a Macintosh Ilci 

computer and a software package called Soundscope 16 (GW Instruments). This 

hardware and software was used for analysis of the subjects in the main study. 

Of the ten subjects selected for the pilot study, two subjects (Subject 6 and Subject 7) 

had great difficulty in completing the data collection procedure for the phonetograph. 

Both were uncertain singers, meaning they had difficulty in matching and maintaining the 

target frequencies selected from their frequency ranges. As a result, their minimum, 

comfortable and maximum intensity level phonations were virtually identical. Because 

of the difficulty these subjects had in maintaining pitch integrity, resulting in intensity 

level curves which were nearly indistinguishable, the data for these two subjects were not 

included in the final study. This reduced the subject pool in the study from the original 

50 subjects to 48. 

Subject Classification 

Although grouping the subjects by frequency range was possible, it was an 

insufficient means for identifying stage of vocal development because range is highly 
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variable among individuals. Fundamental frequency of the speaking voice is the most 

useful means of classifying subjects and the preferred method in speech research. 

Therefore, Cooksey's model (1985), although based somewhat on scientific data, was not 

adequate for the purposes of the present study and a more substantial basis for grouping 

the 48 subjects was sought. The designation "Mutational Voices" was chosen to replace 

"Changing Voices" to facilitate data organization. 

Hollien, Massey and Green's study (1994) presents the most recent and 

comprehensive examination of voice change. The benchmarks chosen to distinguish the 

voice change stages of Pre-Adolescent, Adolescent and Post-Adolescent in their 

longitudinal study were fundamental frequencies identified in Hollien and Malcik's 1962 

research as "markers" which generally indicate the initiation and completion of the 

adolescent voice change process. Pre-Adolescent (Unchanged) voices had SFFs at or 

above 190 Hz. A subject was considered to be in the Adolescent (Changing) voice stage 

when his SFF dropped below 190 Hz. When a subject's SFF reached 140 Hz, he was 

judged to have entered the Post-Adolescent (Changed) stage. For the purpose of the 

present study, it was believed that these markers could be used, along with information 

on each subject's frequency range, to group the subjects in a more logical fashion than 

could be accomplished by range alone. 

Consequently, data collected from each subject's reading of "The Rainbow Passage" 

was used to determine his mean SFF, and the resulting SFF was used to place him in one 

of three groups: Unchanged Voices (n=14), Mutational Voices (n=13), and Changed 

Voices (n=21). The SFF markers chosen for the present study were: Unchanged Voices, 

SFF > 208 Hz; Mutational (Changing) Voices, SFF from 142 to 207 Hz; Changed 

Voices, SFF <141 Hz. Speaking fundamental frequency was not the sole criterion used 

in grouping subjects, however. Since this study was an examination of the singing voice, 

each subject's frequency range and the place of his SFF within the range was considered 
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important as well. Previous studies have noted that when young men's voices begin to 

change, the range lowers first, then the upper range boundary drops (Lang, 1966; 

Schilling, 1948; Van Oordt and Drost, 1963). In this study, subjects with Unchanged 

voices generally had SFFs which were at or near their lower range boundary. Subjects in 

the Mutational Voices group typically presented an interval of 1 to 6 semitones between 

their lowest tone and their SFF. Subjects in the Changed Voices group had a mean 

interval of 4 semitones between their SFF and their lowest tone. Information on the 

interval between the LMT and SFF was considered with the SFF in assigning subjects to 

each group. 

Main Study 

Data Collection 

Data for the subjects in the main study were collected in the same manner as in the 

pilot study, with the exceptions noted above. After the 40 subjects were recorded, the 

data were analyzed at the University of North Texas Voice Laboratory in order to identify 

each subject's SFF and measure the dynamic levels of minimum, comfortable and 

maximum intensity phonations. A Vocal Quality Assessment tool was used in order to 

gather data on the perceptions of experienced listeners in regard to an optimum or "best-

sounding" area within the vocal range. 

Vocal Quality Assessment CVOAl The study sought to determine the relationship 

between vocal tessitura and the Greatest Dynamic Range (GDR), or area wherein the 

singer demonstrates the greatest range of dynamic flexibility between soft and loud 

phonations. In order to investigate a possible relationship between the two variables, it 

was necessary to corroborate the existence of the tessitura through qualitative measures 

of the subject phonations. To this end, a Vocal Quality Assessment (VQA) instrument 

was devised. An example of the first page from this 26-page instrument may be found in 

Appendix B. 
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The comfortable intensity phonations of 48 subjects, representing various stages of 

vocal development, were selected for assessment of vocal quality in terms of the effort of 

production. The purpose of this assessment was to relate the perceived degree of effort in 

the phonations to the subjects' ranges and phonetographic profiles. The area of Greatest 

Dynamic Range (GDR)—the portion of the frequency range with the largest variation 

between maximum and minimum intensity measures as revealed by the phonetograph 

could then be compared to the rating of effort on comfortable intensity phonations within 

the same area of a subject's frequency range. 

The 0% and 100% comfortable intensity levels were excluded from the assessment 

procedure since they represented the extremes of the vocal range and would presumably 

not represent the subject's vocal tessitura. Literature on tessitura suggests that the lowest 

note of the tessitura is not the lowest note in the singer's range (Collins, 1993; Cooksey, 

1977; Cooper & Kuersteiner, 1970; Roe, 1983; Wolverton, 1985). A panel of 4 judges, 

all present or former choral directors listened to a total of 432 phonations produced at a 

"comfortable" level of intensity. All judges had experience with middle- and high 

school-age voices. Three of the auditioners had elementary music teaching experience 

and were therefore especially familiar with the characteristics of unchanged voices. 

The Vocal Quality Assessment (VQA) instrument employs a 4-point semantic 

differential rating system. The auditioners were to check one of the four blanks along the 

scale according to their judgment of the amount of freedom or evidence of forcing or 

strain in the phonation. The scale used the term "free" to indicate no evidence of strain 

in the voice; at the opposite end of the scale the term "forced" was used to indicate 

considerable evidence of strain. Each of the 432 comfortable intensity phonations was 

rated by the judge according to this scale. Each descriptor in the scale was assigned a 

number in order to analyze the results of the Vocal Quality Assessment (1= "Free"; 2= 

"Somewhat Free"; 3= "Somewhat Forced"; 4= "Forced"). These ratings were collected 
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for comparison to the phonetograph data in order to determine if an observable GDR on 

the phonetograph could be matched with assessment of effort in order to corroborate the 

possibility of a tessitura within the subject's range. 

Data Analysis 

Phonetographic data were analyzed with the Soundscope 16 software (GWI 

Instruments). Micosoft Excel 4.0 was utilized to perform statistical operations and to 

construct graphs for presentation of the collected data. 

Appendix D presents a summary of the Vocal Quality Assessment ratings assigned to 

each phonation by the judges. Statisical operations were performed and graphs 

constructed for the VQA data using Microsoft Excel 4.0. Interrater reliability of the 

VQA ratings was computed using the Cronbach's alpha formula in the SPSS 6.0 

computer application and found to be .67 overall. Table 3 presents a summary of 

reliability estimates for the VQA analysis. 

It is obvious that the degree of agreement between the judges varied widely according 

to the individual subject. There was more agreement on the phonations of the Unchanged 

subjects, whereas the Mutational subjects had the lowest coefficient of agreement. 
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Table 3 

Interrater reliability estimation for VOA analysis. 

Unchanged Mutational Changed 

r r r 
U.01 -0.53 M.01 -0.78 C.01 0.89 
U.02 0.88 M.02 0.42 C.02 -0.80 
U.03 0.83 M.03 0.36 C.03 0.85 
U.04 0.70 M.04 0.53 C.04 0.47 
U.05 0.90 M.05 0.60 C.05 0.51 
U.06 0.78 M.06 0.61 C.06 0.72 
U.07 0.58 M.07 0.85 C.07 0.72 
U.08 0.79 M.08 0.81 C.08 0.91 
U.09 0.71 M.09 0.18 C.09 0.65 
U.10 0.54 M.10 0.71 C.10 0.07 
U.l l 0.83 M.ll 0.78 C.ll 0.22 
U.12 0.70 M.12 0.50 C.12 0.73 
U.13 0.77 M.13 0.62 C.13 0.89 
U.14 0.82 C.14 -0.25 

C.15 0.44 
C.16 0.71 
C.17 0.58 
C.18 0.77 
C.19 0.15 
C.20 0.84 
C.21 0.85 

GROUP .78 .63 .69 



CHAPTER 4 

RESULTS 

In keeping with the order of the research questions on intensity control, vocal range and 

tessitura, this chapter presents data on measures of minimum, comfortable and maximum 

intensity control, vocal range, Greatest Dynamic Range (GDR) and Vocal Quality 

Assessment (VQA) results and their comparison, and the location of speaking fundamental 

frequency (SFF) within the vocal range. Data on the three subject groups are listed in 

Appendix B. The tables list each subject's age, Speaking Fundamental Frequency (SFF), 

number of semitones (ST's) between his SFF and his lowest musical tone (LMT), and his 

frequency range. 

Intensity Measures 

Individual and mean measures of intensity control gathered through the phonetographic 

procedure are compared in Table 4. Single minimum and maximum measures represent 

isolated extremes of the range of phonations obtained within each group, in contrast to 

mean measures. The softest phonation was observed in a Changed Voices subject, while 

the loudest phonation was recorded from a Mutational Voices subject. Mean measures 

were similar for all groups; however, the Changed subjects presented the lowest mean 

minimum and mean comfortable phonations and the largest mean minimum-to-maxirrmm 

intensity range. 

Minimum Intensity 

Mean measures of minimum intensity at each frequency level for all three subject 

groups are listed in Table 5. A phonetograph of comparative mean minimum intensity 

phonations appears as Figure 8. It is noteworthy that there are essentially no differences in 

the mean intensities recorded at the lowest frequency levels. As pitch ascends at successive 

57 
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Table 4 

Comparison of intensity measures (in dBI. 

SPL Measure Unchanged Mutational Changed 

Single Min. 51 51.78 46 

Single Max. 103 112.43 104 

Mean Min. 65.26 65.34 63.21 

Mean Comf. 74.13 73.94 70.73 

Mean Max. 84.53 84.52 85.47 

Mean Mn-Mx 19 19 22 
Range 

frequency levels, the differences become more apparent. At almost every point in the 

frequency range, the Changed Voices sang at the softest dynamic levels. The only 

exception is the 0% frequency level; however, the difference between the group means was 

negligible. The greatest divergence between the curves was found at the 90% FL, where 

there is a 4.93 dB difference between Unchanged and Changed voices. The Unchanged 

and Mutational curves cross and recross each other throughout the frequency range. 

Comfortable Intensity 

Table 6 lists mean comfortable intensities at each frequency level for all three subject 

groups. As was the case with mean minimum intensities, the Changed Voices group 

generally had the lowest intensity value at a given point in the frequency range On 

successively higher levels in the range, the disparity between groups becomes more 

apparent (Figure 9). Particularly from the 60% frequency level on, the lines diverge 

markedly. The Changed Voices had the lowest intensity curve for Comfortable intensity 

levels, as was the case for Minimum phonations. From the 70% FL on, the dynamic levels 

for Changed Voices climb at a steeper rate, indicating that the subjects had to expend 

greater effort to sing in the upper part of the frequency range. The intensity curve for 
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Mutational Voices has a noticeable degree of fluctuation across the frequency range, rather 

than the rather steady ascent found in the curves of the other two groups. 

Maximum Intensity 

Table 7 lists mean maximum intensity values in dB for the three subject-groups. The 

resulting phonetograph is found in Figure 10. The profile of the Changed Voices intensity 

curve is quite striking. It rises sharply to the 40% FL, followed by a 4 dB decrease in 

intensity from the 40% to the 70% FL. From the 70% FL on, the Changed maximum 

intensity levels are below those of the Unchanged and Mutational groups. The steep 

decline between the 60% and 70% FL's suggests a loss of vocal power, but the dynamic 

capabilities are somewhat restored thereafter, as seen in the upward motion of the intensity 

curve. 

The curve for Mutational Voices is rather constant by comparison, with slight increases 

in dynamic which are followed by plateaus of steady intensity levels. By contrast, 

Unchanged Voices had the most fluctuation in maximum intensities, with dips at the 40% 

and 80% frequency levels. 

Minimum-Maximum SPL Range 

Minimum-to-Maximum Sound Pressure Level (SPL) Range on the phonetograph is 

defined as the difference between the minimum and maximum intensity curves at a given 

frequency level. Figure 11 is a comparison of mean minimum-to-maximum SPL range for 

the three subject groups across the frequency range. At the 0% FL, there were essentially 

no differences in the intensity range which the subjects in the three groups produced. 

However, between the 10% and 70% FL's, there was a noticeably greater SPL range for 

the Changed Voices group. From the 70% FL on, the three groups were once again fairly 

equivalent. Overall, the mean SPL range was more consistent for the Mutational Voices 

than for the Unchanged subjects. There is a great deal of fluctuation in the Unchanged 

Voices SPL curve, giving it a sharper, more angular profile. 
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Table 5 

Means and standard deviations for minimum SPL measures at each FL (in dB). 

Freq. Level Unchanged Mutational Changed 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 
100% 

Mean 
58.41 
59.73 
59.82 
61.69 
62.62 
64.28 
65.26 
67.51 
71.14 
73.80 
73.61 

SD 
4.39 
3.93 
3.51 
4.04 
4.37 
6.27 
4.69 
5.74 
6.99 
8.05 
7.38 

Mean 
59.90 
60.06 
59.75 
61.53 
63.14 
63.43 
65.22 
65.79 
70.94 
72.55 
76.41 

SD 
5.17 
4.06 
4.46 
5.07 
5.28 
5.26 
3.44 
3.69 
4.91 
6.09 
6.57 

Mean 
58.84 
57.75 
59.09 
60.15 
61.15 
62.57 
62.15 
64.53 
67.13 
68.87 
73.09 

SD 
5.59 
6.21 
6.29 
5.60 
4.49 
6.01 
5.05 
5.56 
6.22 
5.37 
5.73 

Minimum Intensity 

70 -• 

65 --

c« 60 

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level 

Unchanged Mutational Changed 

Figure 8. Comparative mean minimum intensities. 
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Table 6 

Means and standard deviations for comfortable SPL at various PL's (in dB). 

Freq. Level Unchanged Mutational Changed 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 
100% 

Mean 
64.47 
67.27 
70.26 
70.75 
72.26 
75.45 
73.92 
77.45 
80.42 
81.59 
81.62 

SD 
5.22 
4.55 
5.62 
4.89 
5.68 
6.83 
4.27 
5.49 
5.72 
6.70 
7.55 

Mean 
64.55 
69.00 
70.18 
69.67 
72.41 
71.17 
75.03 
75.40 
79.72 
82.13 
84.12 

SD 
5.94 
7.80 
6.86 
6.92 
5.47 
5.51 
6.48 
5.68 
5.73 
7.35 
6.76 

Mean 
64.83 
66.26 
67.22 
68.57 
69.84 
71.52 
71.35 
70.68 
74.25 
75.35 
78.14 

SD 
6.13 
7.33 
7.21 
7.24 
8.27 
6.72 
7.31 
6.11 
7.18 
7.31 
7.76 

Comfortable Intensity 

85-r 

80 --

Cm 70- -

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level 

Unchanged Mutational Changed 

Figure 9. Comparative mean comfortable intensities. 
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Table 7 

Means and standard deviations for maximum SPL at various FL's fin dBV 

Freq. Level Unchanged Mutational Changed 

0% 
10% 
20% 
30% 
40% 
50% 
60% 
70% 
80% 
90% 
100% 

Mean 
74.43 
79.02 
81.78 
82.49 
85.64 
83.8 
84.47 
86.67 
90.55 
88.63 
92.4 

SD 
3.9 
3.62 
4.2 

4.25 
5.01 
4.79 
3.85 
3.95 
5.56 
6.1 
6.77 

Mean 
74.44 
79.63 
82.27 
83.07 
83.33 
83.13 
85.7 

86.37 
88.44 
91.59 
91.77 

SD 
7.89 
9.31 
10.76 
11.8 
10.58 
8.67 
7.96 
10.41 
8.25 
9.31 
12.15 

Mean 
73.86 
81.84 
85.17 
87.17 
88.71 
88.03 
88 .11 
84.14 
86.16 
86.76 
90.27 

SD 
5.61 
5.49 
7.36 
6.09 
7.23 
5.7 

7.01 
7.7 
6.67 
5.96 
6.3 

Maximum Intensity 

95 t 

85 -• 

CM 8 0 - -

10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level 

Unchanged Mutational Changed 

Figure 10. Comparative mean maximum intensities. 
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Min-Max Vocal Area-Comparative 

c/> 10 --

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level 

Unchanged Mutational Changed 

Figure 11. Comparison of subject groups on min-max SPL range. 

The peak SPL range occurred at the 40% FL for both Changed and Unchanged 

subjects. For Changed subjects, there was a 28 dB difference between the mean minimum 

and maximum phonations at that point in the range. Unchanged subjects had a 23 dB 

difference between minimum and maximum phonations at the 40% FL. The peak in SPL 

range for Mutational subjects lay at the 20% FL, where there was also a 23 dB variation. 

It is notable that the 10% FL for all subject-groups had a much greater SPL range than 

was the case for the lowest musical tone (0% FL). For Unchanged Voices, there was a 3 

dB difference between the first two FL's; however, the difference was more pronounced 

for the other two subject groups. Mutational subjects had a 5 dB increase between the 0% 

and 10% FL's, while Changed subjects increased their SPL range by 9 dB between the 

same FL's. 
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Vocal Range 

Vocal range in semitones for all subjects is presented in Figure 12. There was no 

chronological trend as regards size of range to indicate that increase in range parallels 

increase in maturity. However, Changed Voices had the largest mean range of 30 ST's, as 

compared with 24 ST's for Unchanged and Mutational subjects. This is evident from the 

graph in Figure 12. The five individual cases of the largest frequency ranges (38, 36, 34, 

33, 33 ST's) were also among the oldest subjects in the study. The smallest vocal range in 

the sample (15 ST's) was found in the youngest subject (9.5 years old). The Unchanged 

subjects' Musical Frequency Range (MFR) in semitones ranged from 15 to 28, with a 

mean of 24 ST's (two octaves, in the musical scale). Three of the oldest subjects in the 

Mutational group had the largest frequency ranges; however, there was no clear trend 

apparent in terms of the age of the subject and the size of his range. 

All Subjects - ST Range 

40 

35 -

30 -• 

25 -• <0 

Q) 

| 20 + 

W 15 

10 

0 W P f f W W l W P | i P W P W p M p f f W P | i P f f | " 
c 0 ? J ^ £ 2 ! f 2 ! £ 2 c ! 2 " , — o o r - . ^ o j CO^-CM 
T- CM CO 00 x t T t L O C O C O h- 00 CE> CT> O O r -
T " T " " X ~ T " " T - t - T - T - Y — T — T — T— T— C M C N J C M 

Age in Months 

Figure 12. All subjects: ST range in relation to age. 
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Figure 13 presents the mean ranges for Unchanged, Mutational and Changed Voices 

subject groups in standard notation. The corresponding frequency levels, given as 

percentages of the frequency range, the note names and the approximate frequency in Hertz 

are listed as well. It is notable that the lowest musical tones for the Mutational and 

Changed groups were approximately an octave apart. There was also significant overlap 

between their mean ranges, due to the large mean range (30 ST's) of the Changed Voices. 

Similarly, there were many notes shared between the Unchanged and Changed Voices. 

Tessitura Measurements 

Data on the Greatest Dynamic Range and Vocal Quality Assessment ratings were 

examined in order to find indicators of tessitura within the mean vocal ranges of the subject 

groups. This information was also compared to data on mean SFF in order to determine if 

the size and location of vocal tessitura was related to speaking fundamental frequency. 

Greatest Dynamic Range 

In this study, the area of the phonetograph which indicated the greatest difference 

between the minimum and maximum intensity curves over several PL's was defined as the 

Greatest Dynamic Range (GDR). GDR may be identified by referring to Figure 11. The 

GDR for Unchanged subjects lay between the 10% and 80% FL's, with the 40% FL as the 

point of maximum dynamic range (23 dB). The mean min-max SPL range was 20.25 dB 

in the GDR, compared to 19.27 dB for the entire frequency range. The Unchanged GDR 

Mutational Voices, equaling 17 ST's or 71% of the vocal range. 

For Mutational subjects, the peak min-max SPL range occurred at the 20% FL (23 dB), 

and the 10% to 70% FL's comprised the overall GDR. This equaled 15 ST's or 63% of 

the total range. The mean min-max SPL range was 20.86 dB in the GDR, compared to 

19.36 dB for the entire frequency range. 

The most obvious example of GDR was found in Changed Voices. The area of the 

frequency range from the 10% to 60% FLs was clearly the Greatest Dynamic Range, in 
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Unchanged Uoices Mean Range 

0* 1038 208 308 408 508 608 708 808 908 1008 
Rb3 B3 C*4 E4 F#4 R4 B4 C*5 E5 F#5 flb5 
208 247 277 330 370 440 494 554 659 740 831 Hz 

Mutat ional Uoices Mean Range 

i 
08 108 208 308 408 508 608 708 808 908 1008 
F3 G3 Bb3 C4 Eb4 F4 Rb4 Bb4 C5 D5 F5 
175 196 233 262 311 349 415 466 523 587 698 Hz 

Changed Uoices Mean Range 

i 
uu— 

08 108 208 308 408 508 608 708 808 
F«2 Bb2 C«3 E3 C3 Bb3 C#4 E4 F*4 
92 117 139 165 196 233 277 330 370 

Figure 13. Mean ranges for Unchanged, Mutational and Changed subjects. 
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which the subjects had the greatest dynamic control. On the musical scale, this range is 

Bb2-C#4 (15 ST's), half of the mean frequency range. The peak min-max SPL range of 

was a much larger portion of the frequency range than was the case for Changed or 28 dB 

was found at the 40% FL. The mean min-max SPL range within the Greatest Dynamic 

Range parameters was 26 dB, as compared to 22 dB for the entire SPL range. Unchanged 

Voices experienced a 3 dB decrease in SPL range immediately following the GDR peak at 

the 40% FL. A second dip of 4.58 dB occurred between the 80% and 90% FL's. 

Mutational subjects showed a 3 dB decrease between the 70% and 80% FL's and a 4 dB 

decrement between the 90% and 100% FL's. Changed Voices had a 3 dB drop in min-max 

SPL between the 40% and 50% FL's, and a larger decline of 6 dB between the 60% (C#4) 

and 70% (E4) frequency levels. These dips in the SPL range suggest some sort of 

registrational adjustments, which will be discussed in the next chapter. 

Vocal Quality Assessment 

Table 8 lists mean VQA ratings for the 10% to 90% frequency levels by group. VQA 

results by frequency level are presented in graph form in Figure 14 to allow comparison by 

subject group. The four point rating scale is represented on the Y-axis. The higher the 

rating, the greater the degree of effort the raters assigned to a given phonation; therefore, 

high ratings would indicate that the tone was not produced with perceived efficiency. All 

of the mean ratings lay between 2, signifying a "somewhat free" phonation, and 3 

("somewhat forced"). There was no FL at which mean phonations were judged to be 

"free". The subject groups were more alike at the extremes of the frequency range, and 

most dissimilar at the 60% FL. The Unchanged Voices comfortable intensity phonations 

from the 20% FL to the 60% FL were judged to be those most freely produced. A rating of 

2 meant the sung tone was assessed as "somewhat free", whereas a rating of 3 meant 

"somewhat forced". The 90% FL had the highest perceived degree of vocal effort for this 

group, which matches physiological demands which singing in the upper range places 
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All Subjects 

3.50 -r 

3.00 --

10% 20% 30% 40% 50% 60% 

Frequency Level 

70% 80% 90% 

I Unchanged CI Mutational Ĉhanged 

Figure 14. Comparison of group mean VQA ratings. 

Table 8 

Group mean VQA ratings for the 10%-90% frequency levels. 

sq. Level Unchanged Mutational Changed 

10% 2.66 2.54 2.35 
20% 2.20 2.37 2 
30% 2.02 2.42 1.98 
40% 2.02 2.38 2.29 
50% 2.16 2.38 2.61 
60% 2.11 2.40 2.85 
70% 2.46 2.31 2.69 
80% 2.77 2.71 2.81 
90% 2.95 3.02 2.73 

Mean 2.37 2.50 2.48 
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upon the singer. The 40% FL, which had one of the lowest VQA ratings, was the point in 

the range in which Unchanged Voices had the greatest degree of dynamic capacity. 

As was the case for Unchanged Voices, Mutational group phonations at the highest FL's 

were perceived as using the greatest degree of vocal effort. All of the phonations had a 

higher mean effort rating than was the case for the Unchanged subjects. There was no 

noticeable difference between the 10% FL and subsequent levels up to the 80% FL. 

Mutational subjects demonstrated greater consistency in the lowest portions of their 

frequency range than was the case for Unchanged subjects. For Changed Voices, the 

phonations perceived as least free (or most forced) were found at the 60% FL, rather than 

at the highest frequency levels. 

Comparison of GDR and VQA Ratings 

The Greatest Dynamic Range presents one component of tessitura, insofar as it 

indicates where the singer has the maximum dynamic flexibility. Another aspect of 

tessitura is the quality with which one sings in a particular portion of the range. The VQA 

ratings provide data on this element. Figure 15 allows GDR and VQA to be compared 

efficiently. The comfortable intensity phonations of the subjects in the Changed Voices 

group were judged to be most efficient (i.e., produced with the least degree of effort) from 

the 20% to the 40% FL's. This is a more restricted singing area than was found in their 

GDR. There is a discernible relationship between GDR and VQA when comparisons made 

by frequency level. The VQA rating drops as the min-max SPL range increases between 

the 10% and 20% FL's. As the Changed subjects increased in their dynamic capability, 

they also sang with greater freedom. There was not a perfect correlation here, however, 

since effort stabilized and then increased on the VQA measures while SPL range grew from 

the 20% to 40% FL's. 

The VQA ratings for Mutational Voices provide strong corroboration of the GDR taken 

from the min-max SPL range (Figure 12). The lowest ratings were found between the 
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10% and 70% FL's. At the 80% FL, the rating of effort was higher (2.71). The 10% FL 

rating (2.54) was slightly higher than the remainder of the ratings in the identified GDR 

(mean = 2.38); therefore, it could be construed that the VQA tessitura for Mutational Voices 

lay between the 20% and 70% FL's. 

The VQA means indicated that the tessitura for Unchanged subjects extended from the 

20% FL to the 60% FL. The plateau found between the 50% and 80% FL's in the min-

max SPL range did not match the effort ratings for VQA. One would expect dynamic 

stability in the GDR to be reflected in judgments of phonational stasis. Instead, the VQA 

effort means creep upward at the 70% and 80% FL's. Figure 15 shows that minimum, 

comfortable and maximum intensity curves all rose between the 60% and 80% FL's. 

Location of SFF Within Musical Frequency Range 

Figure 16 represents the SFF of all subjects in the study. The SFF is given in Hertz 

(Hz) while age is given in months. It may observed that there is a general downward slope 

for the SFF's as the age of the subjects increases. Clusters are evident among the younger 

subjects and most noticeable in the oldest subjects; however, it is equally apparent that there 

are exceptions to these trends. There is particular evidence of early maturation in subjects 

between the ages of 12 and 15 (150 to 180 months). 

The subject's age was not directly linked to his SFF: the lowest SFF in the Mutational 

Voices group was recorded from a 12.5 year-old subject. The oldest subject in the same 

group, a 17 year-old, had the second lowest SFF. Evidence of individual variability in the 

vocal mutation process is seen in that the subject who had the lowest SFF-91.06 Hz 

(F#2)-was 14.10 years old, while the highest SFF-142.42 Hz (C#3/D3)-was recorded in 

a subject who was 14.03 years old. Similarly, one of the highest SFF's in this group 

(123.29 Hz/C3) was recorded in a 17.5 year-old subject. 

Figure 17 is a graph of the interval between each subject's LMT and his SFF. The 

older subjects tended to have a larger ST distance between their lowest musical tone and 
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SFF. In three cases, the subject's mean SFF was a semitone lower than the lowest tone in 

his musical frequency range. All three subjects were in the Unchanged Voices group. This 

may be understood in light of the fact that physiological frequency range (PFR) includes all 

phonations which an individual can produce with no consideration of vocal quality. 

Musical frequency range (MFR) has a more restricted compass since it is comprised of 

phonations which the subject would use for singing in public. 

The points on the abscissa which are blank indicate that the subject's SFF coincided 

with his LMT. There were 8 such cases among the 48 subjects in the study: 3 Unchanged; 

4 Mutational; 1 Changed. A general trend of larger distances between LMT and SFF may 

be observed with respect to the age of the subjects. Older subjects, who were generally in 

the Changed Voices group, had the largest intervals. In one case, a 14.3 year-old subject 

presented an interval of 9 semitones, nearly an octave. Four subjects in the Unchanged 

Voices group presented large intervals between their LMT's and SFF's, ranging from 3 to 

6 ST's. In each case, their SFF's were so high as to clearly place them in the Unchanged 

Voices group. 

For all three groups, mean SFF coincided with the 10% FL, placing it toward the 

bottom of the frequency range. In the cases of Unchanged and Mutational Voices, SFF 

was close to the 0% frequency level. In Changed Voices, however, the interval between 

the mean SFF and mean LMT was 4 semitones. The 10% FL was not, however, the area 

where the peak SPL range was located for any of the three groups. 

Range. GDR. VOA Tessitura and SFF Characteristics 

Figure 18 shows the mean range, Greatest Dynamic Range, VQA tessitura (tessitura 

based on Vocal Quality Assessment ratings) and speaking fundamental frequency (SFF) for 

the Unchanged, Mutational and Changed Voices subject groups. It is evident that the VQA 

tessitura was more restricted than the GDR. This was especially true for the Changed 
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Voices subjects, who also had the smallest VQA tessitura. There was less of a difference 

between these measures for the Mutational subjects. 

Unchanged subjects had the most extensive GDR in relation to their frequency range 

(10%-80% PL's). Mutational Voices had a larger percentage of total range in their VQA 

tessitura (20%-70% PL's). There was a trend for the upper boundary of the GDR to 

decline with development. The upper end of GDR for Unchanged Voices was the 80% 

FL, while it was the 70% level for Mutational Voices and the 60% FL for Changed Voices. 

Unchanged Voices and Changed Voices were clearly on either side of the process of vocal 

mutation. Their mean SFF's were slightly more than an octave apart (13 semitones). In 

addition, their VQA optimum ranges were approximately an octave apart. 

Summary of Results 

The results of this investigation were as follows: 

1. Based on measures of mean minimum, comfortable and maximum intensities and 

minimum-to-maximum intensity (SPL) range, the degree of intensity control in Mutational 

Voices was equivalent to that observed in Unchanged Voices but lower than that observed 

in Changed Voices. 

a. Changed Voices had greater maximum intensities up to the 60% frequency level, 

at which point their intensity curve dipped below those for the Unchanged and 

Mutational Voices. 

b. Changed Voices had overall lower mean minimum intensities. 

c. The mean comfortable intensities of the Changed Voices subjects were lower 

and their comfortable intensity curve was situated more closely to the minimum 

intensity curve than was the case for the other two groups. 

d. Changed Voices had the highest mean minimum-to-maximum intensity range of 

22.27 dB (range= 15-28 dB). Means were 19.27 dB for Unchanged Voices 

(range=15-23 dB) and 19.36 dB for Mutational Voices (range=15-23 dB). 
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2. Based on mean semitone range, Changed Voices had the largest vocal range of 30 

semitones (ST's). Unchanged and Mutational Voices both had means of 24 ST's. 

3. Based on the measures of Greatest Dynamic Range, size, location within the vocal 

range and speaking fundamental frequency (SFF), tessitura was distinctive in all three 

subject groups. 

a. Within the Greatest Dynamic Range (GDR), identified from the minimum-to-

maximum intensity range on the phonetograph, Changed Voices had the highest 

mean minimum-to-maximum SPL range (26 dB). The Unchanged Voices and 

Mutational Voices groups had means of 20.25 dB and 20.86 dB respectively. 

The GDR was in each case larger than the VQA tessitura, identified from the Vocal 

Quality Assessment (VQA) ratings. Unchanged Voices had 17 ST's within their 

GDR, Mutational and Changed Voices each had 15 ST's within their Greatest 

Dynamic Ranges. 

b. The VQA tessitura, defined as the area of the range which auditors determined 

was produced with the optimum freedom, was smallest in Changed Voices (6 

ST's). Unchanged and Mutational VQA tessituras were 10 ST's and 12 ST's (one 

octave) respectively. 

c. GDR and VQA in all three groups began at the 10% and 20% FL's respectively. 

The peak in min-max SPL range occurred at the 20% FL in Unchanged and 

Changed Voices. The Mutational Voices peak lay at the 40% FL. 

d. Speaking fundamental frequency (SFF) with respect to mean frequency range 

lay at the 0%-10% frequency level for all three groups. The interval between the 

lowest musical tone (LMT) and SFF tended to increase in relation to age. Changed 

Voices had the largest mean interval (4 ST's), while the single largest interval of 9 

ST's was observed in a 14 year-old subject. 



CHAPTER 5 

SUMMARY, CONCLUSIONS AND DISCUSSION 

Summary 

The purpose of this study was to investigate measures of vocal intensity control in a 

cross-section of males between the ages of 9 and 18 years and to compare the data across 

vocal development stages. The selected measures were also examined with respect to their 

relationship to vocal tessitura (optimum vocal area) within the frequency range. Subjects 

selected for the study were 48 males from public schools in the Lewisville (Texas) 

Independent School District. All had self-declared normal hearing and speech and were 

non-smokers. 

Answers to the following questions were sought: 

1. Did pubertal voices have less intensity control than pre- or post-pubertal voices? 
Were there differences among the males grouped by voice change stage which 
could be measured in terms of: 

a) maximum vocal intensity? 
b) minimum vocal intensity? 
c) comfortable vocal intensity? 
d) maximum-to-minimum intensity range? 

2. Did pubertal voices have a smaller vocal range than pre- or post-pubertal voices? 

3. Were there differences in tessitura among the males grouped by voice change 
stage which could be measured in terms of: 

a) Greatest Dynamic Range (GDR)? 
b) size? 
c) location within the vocal range? 
d) the relationship of tessitura to speaking fundamental frequency (SFF)? 

Measures of Intensity Control 

Mutational subjects did not manifest less control of vocal intensity as compared to 

Unchanged and Changed subjects. Their mean measures of minimum, comfortable and 
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maximum intensity were comparable to those of the other two groups (Figures 8-10). 

Their minimum-to-maximum intensity range was more stable throughout the frequency 

range than was the case for the other two groups (Figure 11). 

Minimum, comfortable and maximum intensity. Comparison of the Unchanged, 

Mutational and Changed Voices subject groups revealed that the most obvious differences 

lay between the Changed subjects and the subjects in the other two groups. Changed 

Voices had the lowest mean minimum intensity levels and the lowest mean comfortable 

intensity levels. The low minimum intensity SPL readings may be explained by the fact 

that dynamic control in singing is controlled by the balance of subglottal pressure (breath 

pressure) and glottal resistance. Mature subjects have larger vital capacities and more 

highly developed respiratory musculature; therefore, they command greater breath 

resources. The phonatory muscles and ligaments within the larynx are also more highly 

developed in adolescent subjects who have completed voice change. This physiologic 

advantage enables subjects who have completed voice change to sing with greater 

efficiency. 

This also accounts for the proximity of the Changed Voices comfortable intensity curve 

to the minimum intensity curve. In Unchanged and Mutational subjects, the comfortable 

levels were situated almost midway between the minimum and maximum intensity curves. 

The Changed Voices mean comfortable intensity curve lay closer to the minimum curve 

because they were able to sing at a comfortable level with greater efficiency than were the 

less developed subjects. 

Between the 10% and 60% frequency levels, Changed subjects recorded the highest 

mean maximum intensity levels. From the 70% to 100% frequency levels, the mean 

maximum intensities sung by Unchanged and Mutational subjects exceeded those 

performed by Changed subjects. 
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Minimum-to-maximum intensity range. The Changed subjects had the largest mean 

minimum-to-maximum SPL range (22 dB). The Unchanged and Mutational subjects had 

identical means of 19 dB. 

The Unchanged Voices peak min-max SPL range lay at the 40% FL, as was true for 

Changed Voices. The peak for Mutational subjects was at the 20% FL. The difference in 

the location of the peaks could be related to the process of development. Unchanged and 

Changed subjects are "stable" voice types in that they are on either side of the mutation 

process; therefore, the 40% FL may represent a dynamic peak for voice types which are not 

in a state of flux. Mutational subjects were in the process of adding a lower extension and 

losing the upper treble notes in their range. This may explain the downward shift of the 

locus of dynamic power. 

Vocal Range 

Although Mutational subjects had a smaller range than Changed subjects (30 ST's), 

their mean range was identical in size to that of Unchanged subjects (24 ST's). The range 

of the pubertal (Mutational) subjects was lower overall than the pre-pubertal (Unchanged) 

range by the interval of a minor third (3 ST's). 

Tessitura Measures 

Tessitura was examined from the perspectives of dynamic control, based on acoustic 

measures from the phonetograph, and optimum vocal quality, based on ratings of vocal 

effort from the Vocal Quality Assessment (VQA) instrument. Measures of mean speaking 

fundamental frequency were compared to measures of tessitura in order to determine how 

they were related. 

Greatest Dynamic Range fGDRY The Greatest Dynamic Range was identified by 

examining the min-max SPL range on the phonetograph (Figure 11). These measures 

indicated the area of the range in which subjects had the most dynamic control. GDR was 

clearly identifiable in Changed Voices as encompassing the 10% through the 60% 
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frequency levels, which equaled 15 semitones or half of their vocal range. Mutational 

subjects had a less pronounced GDR, as revealed in Figure 11; however, it was more 

extensive. The 10%-70% frequency levels comprised their GDR, representing 17 

semitones or 71% of their mean vocal range. Unchanged Voices had the most unusual 

min-max SPL profile, due to fluctuations in their dynamic range. Their GDR was the 

largest of the three groups, including the 10% through the 80% frequency levels (15 

semitones or 63% of mean vocal range). 

The VQA ratings of comfortable intensity phonations between the 10% and 90% FL's 

provided important additional information toward identifying tessitura within the frequency 

range. VQA ratings were based on the opinions of 4 judges who listened to recordings of 

the selected phonations and assessed the degree of vocal effort used by the subjects. The 

VQA tessitura—the optimum range based on VQA judgments—was narrower than the 

GDR. In no case did the VQA range boundaries lie outside those identified from the GDR. 

This indicates that tessitura is related to dynamic capacity and to optimum vocal 

production as previously hypothesized. What is yet to be determined is which factor, 

dynamic range or optimum tone quality, is more important in identifying tessitura for a 

specific voice or classification. Choral directors, who have devoted more attention to the 

problem, rely on auditory evidence in their judgments. Although the ear is remarkably 

sensitive to changes in vocal quality and intensity, the qualitative method employed in voice 

classification is highly dependent upon the subjective interpretations of the listener. 

Perception may be acute, however it is still based upon a mental template of expectation 

which cannot be easily quantified. 

Tessitura is identified by voice teachers and choral directors from listening to the 

singer. The quality of the voice is supremely important in singing, since the goal in voice 

education is to maximize the beauty of tone and efficiency of vocal production. Dynamic 

power in a voice may be remarkable; however, it is not always aesthetically pleasing. 
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Since the VQA tessitura is based upon the judgments of experts concerned with optimal 

vocal production, it is logical to identify VQA tessitura as a more representative measure of 

the optimum area within the vocal range. 

Size and location of the tessitura. The VQA tessitura was most extensive in Mutational 

subjects, being comprised of one octave (12 semitones) almost exactly within the middle of 

their mean frequency range. Unchanged subjects had the second largest VQA tessitura. It 

was 10 semitones in range and located in the lower middle portion of the total vocal range. 

The smallest VQA tessitura was found in Changed Voices: 6 semitones in the bottom half 

of the frequency range. 

Speaking fundamental frequency and tessitura. In all three subject groups, speaking 

fundamental frequency (SFF) was located at the lower end of the frequency range, either at 

or near the 10% FL. For Changed Voices, mean SFF (116.18 Hz) coincided with the 10% 

FL (Bb2,117 Hz) and was the lowest note in the GDR. Mutational and Unchanged 

Voices had mean SFF's which lie between the 0% and 10% FLs and outside the GDR. 

Although it had been hypothesized that SFF represents a dynamic "center" for the 

voice, a place of maximum power and intensity variation, this did not prove to be the case. 

The peak dynamic areas within the Greatest Dynamic Range lay at the 40% FL for 

Unchanged and Changed Voices and the 20% FL for Mutational Voices. SFF actually 

marked the beginning of the GDR within the vocal range. 

For all groups, VQA ratings for the 10% FL were somewhat higher than those for the 

20% FL. The auditors judged the 10% phonations to be closer to the "somewhat forced" 

category. This is further evidence that SFF is not the "sweet spot" or optimum point for 

the singing voice. Although clinical practice retains the concept of an optimum speaking 

pitch in speech therapy (Prater & Swift, 1984), speech researchers are not convinced of its 

existence, given the complexity of the vocal mechanism (Baken, 1987). As is the case in 

music education, theory and practice are often two different animals 
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Conclusion 

Pitch Range and Intensity 

Most studies of vocal intensity have gathered data on adult subjects. Although there 

have been studies involving young male singers (Pedersen et al., 1986), descriptive data of 

the findings have not been reported consistently in the results. Coleman and Mott's (1978) 

study used a phonetographic procedure to investigate females between the ages of 10 and 

13 years of age. The results of their study and Coleman et al. (1977) are compared with 

the present results in Table 9. The observed minimum SPL values for the subjects in the 

present study are similar to those obtained in previous studies. The young female subjects 

in Coleman and Mott's study, as well as the present subjects, were not able to generate 

maximum SPL measures that approached those of adult subjects. The greatest difference 

may be seen in mean SPL range. Unchanged, Mutational and Changed male subjects had 

minimum-to-maximum SPL ranges which were more restricted than those found in young 

female subjects. There is a vast difference between the present study's measures and those 

recorded in the adult subjects, however. Maturity is a major independent variable to be 

considered in the comparison. Adult subjects possess greater vocal resources by virtue of 

having completely developed voices and this is reflected in their intensity measures. The 

most significant factor is that Coleman et al. measured PFR and this study focused on 

MFR. Since no aesthetic criteria are involved in determining range limits for PFR, 

maximum intensity measures would be much higher throughout the physiological 

frequency range. 

The similarity between intensity measures of Unchanged and Mutational Voices in the 

present study is noteworthy, since the literature suggests that intensity is restricted in the 

changing voice (Cooksey, 1977,1978; Frank and Sparber, 1970). None of the measures 

for Mutational Voices recorded in Table 3 support that thesis. In fact, the single greatest 

maximum intensity phonation (112.43 dB) was recorded from a Mutational subject. 
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Table 9 

Intensity data from past studies 

Author(s) Subjects Min SPL Max SPL Mean SPL 
range 

Coleman et al. Adult M 51 dB 126 dB 54.8 dB 
(1977) Adult F 48 dB 122 dB 51 dB 

Coleman YF(MFR) 52 dB 106 dB 26 dB 
&Mott YF (PFR) 53 dB 117 dB 28 dB 
(1978) 

Present Study Unchanged 51 dB 103 dB 19 dB Present Study 
Mutational 51.78 dB 112.43 dB 19 dB 
Changed 46 dB 104 dB 22 dB 

Note: YF = young females, 10-13 years old. 

Vocal Range 

Coleman, Mabis and Hinson (1977) found in their study of adult male and female 

subjects between the ages of 20 and 39 that the mean physiological frequency range was 

approximately 37 semitones (3 octaves). Other researchers have found that the size of an 

individual's frequency range decreases as one passes into middle and old age (Baken, 

1987). Coleman and Mott (1978) tested 9 females between the ages of 10 and 13 years, 

comparing frequency range and SPL data on the physiological and musical frequency 

ranges. They then compared the findings with those from the research done by Coleman, 

Mabis and Hinson (1977). The mean musical frequency range was 19.78 ST's and the 

physiological range was 30.09 ST's. The distinction is important since musical range was 

investigated in the present study. Unchanged and Mutational subjects had a mean range of 

24 ST's, which falls between the measures observed for the young female subjects. The 

Changed subjects had a mean range of 30 ST's, which places them closer to the 
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physiological measures found in adult subjects. An investigation of PFR, which has no 

constraints placed upon the vocal quality produced in the phonations, would presumably 

place the Changed subjects even closer to the adult subjects in the Coleman, Mabis and 

Hinson study. 

In the present study, Changed Voices subjects—those who had already passed through 

the voice change process—had the largest mean frequency range. Hollien, Massey & 

Green (1994) found in their longitudinal study that their subjects possessed the largest 

mean frequency range while they were in the midst of voice change (i.e., classified as 

"Mutational", in terms of the present study). The explanation given by the researchers for 

this observation is that the subjects were able to sing "in two voices"— the treble range of 

the child voice and the emerging adult range—while their voices were undergoing change. 

This conclusion was not verified by the current findings; however, an important 

difference between the two studies must be taken into consideration. Hollien and 

associates were investigating physiological, rather than musical, frequency range. They 

found means of 44.0,47.8 and 45.8 semitones in preadolescent, adolescent and 

postadolescent voice classifications respectively. The difference between the latter two 

measures is slight. They comment that although their findings would seem on the surface 

to contradict reports that pubertal voices typically have restricted singing ranges in 

comparison with unchanged and mature voices (Cooksey, 1985; Cooper & Kuersteiner, 

1971), the distinction between PFR and MFR is important:".. .the fact [that] a boy's 

physiological range may be somewhat extended during adolescence does not mean that his 

singing range will be extended also—or, for that matter, that the quality of his singing 

voice will not suffer during this period of his life" (Hollien et al, 1994). 

Comparison to Cooksev's Model n 985̂ 1 

In Figure 19, Cooksey's findings are compared with the mean range, GDR, VQA 

tessitura and SFF for the Unchanged, Mutational and Changed Voice subjects in the 
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present study. The mean ranges for these groups were wider than those in Cooksey's 

model. Since MFR was the focus in both studies, the difference must be related to criteria 

for determining the boundaries. Cooksey has reported his findings to the choral music and 

speech pathology professions. He is interested in protecting the vocal health of young 

males undergoing mutation while making it possible for them to sing during the process; 

therefore, his data may be somewhat conservative. The Unchanged subjects in the present 

study cross the categories of the Unchanged and Midvoice I stages in Cooksey's model. 

Their upper range exceeds that for Cooksey's Unchanged stage by a minor third (3 ST's). 

The mean SFF's match quite closely (221.71 versus 226). If the Unchanged Voices VQA 

optimum range is construed as the tessitura, the respective tessitura ranges are nearly 

identical. 

Cooksey's method for identifying tessitura was also used by Wolverton (1985). It 

consisted of having a subject sing "America" in various keys until the key in which the 

subject sings with the greatest ease was discovered. This method assumes that tessitura 

range is the interval of a seventh—9 semitones, the range of the song "America". 

However, Stage IV (New Baritone) in Cooksey's model limits tessitura to the interval of a 

fifth (7 ST's). Presumably, a young man at this stage would have difficulty singing 

"America". 

Mutational Voices in this study most nearly resemble Cooksey's Stage II (Midvoice II). 

The mean SFF is identical. Cooksey's proposed range is much narrower than the mean 

range in this study. If Mutational Voices' GDR is used, the low boundaries of the tessitura 

are within a semitone of each other; however, there is again a much more restricted tessitura 

in Midvoice H The Changed Voices measures in Figure 19 are most like those in 

Cooksey's Stage V (Settling Baritone). The mean SFF's and lowest musical tones are 

within a semitone of each other; however, the upper range boundaries differ by ten 
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semitones (a musical seventh). The Changed Voices VQA range and the Stage V tessitura 

in Cooksey's model are most closely related. 

In revising his original five stages of vocal mutation (1977), Cooksey's 1985 model 

generally lowers SFF and tessitura boundaries. He no longer uses Cooper's (1971) term 

"cambiata" for Midvoice II, nor does he discuss age and duration of change in connection 

with any of the stages in his model. His method of identifying the intermediate stages of 

mutation is not clear, nor is any data given on frequency distributions among the stages for 

his subjects. Until Cooksey publishes a more thorough description of his data and 

conclusions, further comparison is not possible. 

SFF and Tessitura 

The subject groups in this study had mean speaking fundamental frequencies which 

occurred at the 10% FL or between the 0% and 10% FLs. This was also Awan's finding: 

"In relation to the phonetograph, the optimal and habitual PL's may be found within the 0-

10% interval" (1989). The habitual frequency level in Awan's study is speaking 

fundamental frequency. Hirano (1981) states that SFF is located in the lowest quartile of 

PFR and in the bottom third of MFR. The difference in location depends upon whether the 

frequency range is divided into semitones or Hertz. Since semitones in music are divisions 

in a logarithmic scale and Hertz represent an absolute scale, the computed percentages of 

the frequency range will vary depending upon which scale is used. 

On the whole, it is more appropriate to speak of a range of SFF. The concept of an 

optimal pitch to which the voice is naturally tuned has no basis in fact because the voice is a 

complex mechanism. Although Awan investigated optimal and habitual (SFF) pitch and 

their relationship to vocal intensity, he found that they did not represent points of maximnm 

vocal output (1989). Lang (1966) found that the range of the speaking fundamental 

frequency in his subjects was approximately the interval of a fifth (8 semitones) in normal 

speech. 
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Is there a relationship between this range and the tessitura of the singing voice? It 

seems possible. The data obtained on the subjects in this study indicate that the tessitura 

begins in the area of the frequency range which is at or near the mean SFF. This is clearly 

an area which calls for further investigation. 

Comparison of the subjects in this study revealed that as vocal development 

progressed, the interval between the lowest musical tone and SFF increased. Van Oordt 

and Drost (1963) reported in their research on children's frequency ranges: "The change in 

the frequency of the speaking voice parallels that of the lowest reachable physiological 

tone. The mutual separation of these qualities remains practically constant and amounts to 

an average of 4.3 half-tone intervals." It must be recalled that the present study 

investigated MFR, rather than PFR as in Van Oordt and Drost. Cooksey (1985) reported a 

similar phenomenon in his subjects, beginning with the Midvoice II (corresponding to the 

present study's Mutational group) category. He observed that the interval between the 

lowest terminal pitch in the singing range and SFF was approximately 3-4 semitones. 

More research is needed on this phenomenon and its relationship to the process of voice 

change in order to understand whether this interval remains constant during vocal 

development, as Cooksey (1985) and Van Oordt and Drost (1963) found, or if the interval 

increases as vocal maturation progresses. 

Vocal Registers 

Although not a focus of the present study, the data in the investigation point to a 

relationship between vocal registers, voice classification, Greatest Dynamic Range, and 

tessitura. The register transition area, where the singer enters the passagio (passage) and 

must change from "chest voice" to "head voice", was most evident for the Changed Voices 

group on the phonetograph (Appendix I) and minimum-to-maximum SPL range (Figure 

11). It was located about the 70% FL. On the musical scale, this point corresponds to E4, 

which is where the mature male voice would be expected to shift into head voice. This is 
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precisely where Coleman and Mott (1977) found a decrease in the maximum intensity curve 

in their subjects. The 70% FL was identified as the point of register change in the musical 

and physiological frequency ranges. Coleman, Mabis and Hinson (1977) found shifts in 

the minimum and maximum intensity curves around the 60% to 80% FLs in their adult 

subjects. The change was most apparent in the subjects who were inexperienced singers 

and who would most resemble the subjects in this study. 

Komiyama, Watanabe and Ryu (1984) also observed this phenomenon of a sudden 

drop in maximum SPL. They ascribed it to a register change, which they termed the 

"breakpoint" of the voice. They did not report where this event occurred in the frequency 

range, however. Awan (1989) also found it in his college-age subjects at about the 30%-

50% FLs. The difference may be explained by the fact that Awan divided the frequency 

ranges of his subjects according to an absolute scale of Hertz measurement, rather than a 

logarithmic musical scale using semitones. Consequently, the frequency level divisions 

using his method are not evenly distributed along the musical scale. There are large 

intervals between the lower levels and increasingly smaller intervals between frequency 

levels as the scale is ascended. Awan noted that if the data from Coleman et al (1977) were 

converted from a semitone to a Hertz scale, the area of register transition would be the same 

for both studies. 

Calvet and Malhiac (1952) are credited with conducting the first study to use the 

procedure now known as the phonetograph. Their subjects were boys between the ages of 

4 and 10, older subjects who were members of a boys choir and adult male singers. In the 

adult and adolescent singers—those with changed voices—they found evidence of a 

register break or transition. They found no such evidence among pre-pubertal males. For 

the Unchanged subjects in the present study, there is no definite "marker" along the 

maximum intensity curve to signal register change, as is the case for the Changed Voices. 

Colton (1973) noted that the dynamic intensity range of the falsetto register is smaller than 
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that of the modal register. Awan (1989) interpreted that to mean that a reduction in the 

minimum-to-maximum SPL range could signal a register change in the same way that a dip 

in the maximum intensity curve does. 

That assumption is supported in this study, which used the size of the min-max SPL 

range to identify the Greatest Dynamic Range within the frequency range. Although there 

was no dip in the maximum intensity curve for Unchanged Voices, there were two points 

where SPL range narrowed. At the 50% FL (A4), min-max SPL range decreased by 3 dB 

and at the 90% FL (F#5), there was a 4 dB decline. This suggests the presence of three 

registers in these voices. Phillips (1992) identifies the three registers in the child's voice as 

"lower", "middle", and "upper." There is general correspondence between the registers 

Phillips postulates and those suggested for Unchanged subjects; however, the boundaries 

differ (Figure 20). For instance, in Phillips' model, the lower register is the smallest, 

encompassing a fourth (G3-C4), whereas the smallest for the Unchanged subjects is the 

high register. Generally, Phillips identifies register transition points which are lower than 

those indicated for Unchanged Voices by the phonetograph. One must take into account, 

however, that the means for identifying these registers is not the same in each case. 

Unchanged Voices Phi I Iips <1992) 

jUL I? ff P vr 

* 

~ 

Lower M i dd I e Upper 

Figure 20. Vocal registers in the child's (unchanged) voice: comparison of present study 

and Phillips (1992). 
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Phillips used an empirical auditory approach which is qualitative in nature. As a choral 

director, he would listen for changes of vocal quality in identifying the boundaries of the 

three registers. This investigation used quantitative means for identifying points of register 

change: changes in maximum intensity and minimum-to-maximum intensity range. 

Tessitura appears to be related to the modal register in that the upper boundary of the 

GDR was marked by a drop in maximum intensity and narrowing of the min-max SPL 

range. The best explanation for this phenomenon is that a register change from modal 

register ("chest voice") to falsetto register (or "head voice") is occurring in this area of the 

range. This is consistent with the point in the range at which a male singer would be 

expected to change registers. 

In all three subject groups, there were two points in the frequency range at which 

dynamic range decreased. The interval between the 3 dB and 6 dB drops in SPL observed 

in Changed Voices subjects is approximately a perfect fourth. According to one theory of 

voice classification, there are two points within the vocal range called "lifts" at which one 

may hear a change in vocal quality (Robinson & Winold, 1976). The quality "lightens", 

signifying the registrational adjustment which the singer makes. The first lift marks the 

transition from chest register to middle register. The second lift occurs where the singer 

enters the upper or head voice register. 

According to this theory, these lifts are a perfect fourth apart, due to an 

unspecified acoustical phenomenon related to the overtone series. Not all voice experts 

agree with this theory, however. Vennard (1967) observes that lifts may occur in untrained 

voices, but classifying voices as basses, baritones, tenors, etc., by identifying specific 

"lift" notes should be undertaken with caution. There is no evidence that these lifts are 

related to the overtone series. In addition, the human voice is a much more complex 

instrument than the brass, wind and string instruments to which it is often compared 

(Vennard, 1967). 
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Tessitura 

The reduction in min-max SPL range around the point of register transition suggests a 

relationship between tessitura and modal register. The panel of auditors who rated the 

subjects' comfortable intensity phonations for the Vocal Quality Assessment instrument 

were asked to assign a register label to each phonation, either "chest", "head" or "falsetto." 

The responses will be used in a future study of the relationship between vocal tessitura and 

vocal registers. A cursory examination of their responses reveals that these terms are not 

used consistently on the VQA document. This is also true in general within the vocal music 

education profession (Vennard, 1967; Miller, 1986). Barresi and Bless (1982) found lack 

of agreement in the use of the term tessitura among music educators, implying no common 

conceptualization of the phenomenon. 

Awan (1989) noted in his study that the peak of dynamic range corresponded to the 

register transition area in his subjects: "The data from the present study may suggest that 

the dynamic range of the voice is greatest at PL's that immediately precede the transition 

from modal to falsetto register." This was the case for Unchanged and Changed subjects in 

this investigation; however, Mutational subjects presented a different pattern. The 

Mutational peak min-max SPL range occurred at the 20% FL, closer to the SFF. Evidence 

of register change, if it could be construed as such, did not appear until the 70% FL, where 

a 3 dB decrease in min-max SPL range occurs. A 4 dB drop takes place between the 90% 

and 100% FLs. This second area, however, is much higher than would be expected for a 

register change. 

The most plausible explanation for this anomaly is that Mutational Voices differ 

significantly from Unchanged and Changed Voices because they are changing, evolving 

from children's voices to adult voices. The hallmarks of vocal equilibrium which apply to 

younger and older subjects do not apply to them. There are vestiges of the child's voice at 
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the upper end of their range and the emerging characteristics of the mature voice at the 

other. 

Further evidence of the relationship of tessitura to modal register is supplied by 

Wolverton (1985). His results indicated that tessitura bore a significant relationship to the 

low portion of the vocal range. For tenors, the highest note of the tessitura was the note of 

register change. This was also the case for Changed Voices in the present study, although 

the Changed subjects were primarily baritones and basses, as reflected in the mean 

frequency range. The interval between the 0% FL and the beginning of the Greatest 

Dynamic Range was 4 ST's, identical with that for Wolverton's bass subjects. 

Cooksey (1985) identified the modal register for Midvoice II, which corresponds to 

this study's Mutational Voices, as encompassing the tones from F3 (175 Hz) to B4 (494 

Hz). This essentially agrees with the present findings, since the point of register transition 

corresponds to the upper boundary of GDR and VQA tessitura in Mutational Voices. It 

also strongly supports the theory that tessitura is primarily related to the modal register. 

This, in turn, is corroborated by Awan's observation that the peak of dynamic range in his 

subjects occurred just before the register break (1989). 

Discussion and Implications for Further Research 

In comparing the results of this study with previous literature on tessitura, it must be 

acknowledged that the protocol used in this study did not examine each semitone interval 

within the frequency range. Although the range was divided into semitones, the 

phonetographic procedure is so time-consuming that only 10% levels were examined in 

order to avoid exhausting subject and researcher. The resulting frequency levels were often 

separated by the interval of a third throughout the range. When voice teachers and choral 

directors test a voice, they proceed up and down the range by semitones and listen very 

carefully for changes in quality in order to classify the voice and determine the singer's 

vocal problems. They are able to identify points of register change at the semitone level, 
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while the phonetograph provides a more global view of the voice. The limitation inherent 

in a global view is that if a register change or tessitura boundary occurs on a note between 

the 10% levels, one can only infer from the phonetograph that a change has taken place in 

that area of the range. It is not possible to identify the exact spot. 

Since each approach has its own assets and liabilities, the best solution would be to 

combine them in one procedure. Musicians—singers, voice teachers, choral directors— 

should collaborate with speech scientists to learn more about vocal intensity, voice change 

and tessitura. A more comprehensive phonetographic procedure would be to have a music 

specialist classify the voice in the usual manner to identify range boundaries, points of 

register change, and make an assessment of the subject's tessitura based on changes in 

quality or perhaps using the song "America", as Cooksey (1985) and Wolverton (1985) 

do. The voice scientist would then divide the frequency range into 10% levels and lead the 

subject through the phonetographic procedure. The resulting views of the subject's vocal 

characteristics, qualitative and quantitative, could then be compared and combined into a 

comprehensive description. 

The combination of the phonetograph and the Vocal Quality Assessment procedure 

provided a more complete means of identifying tessitura. The VQA tessitura was smaller 

than the Greatest Dynamic Range for the three subject groups. Part of the difference would 

be accounted for by the auditors' different conceptions of what constitutes a freely 

produced tone. It is also apparent that dynamic power is not always consistent with 

optimum tone quality. A subject may have a great deal of intensity control at a point in the 

range which does not belong to his tessitura. More research is needed on the relationship 

between dynamic control and optimum vocal area. 

Vocal registers were not specifically investigated in this study; however, there is 

obviously a strong correlation between register and tessitura. The register break is also the 

upper limit of optimum vocal performance. The phonetograph provides information on 
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vocal intensity which is useful in voice classification. Intensity control is an important 

measure of vocal performance. Coleman (1987) has even developed a means of 

determining whether a particular song is suitable for a given singer. His method produces 

a quantification of song tessitura—the average position of the notes in terms of how high or 

low they occur within the song—which he superimposes upon the subject's phonetograph 

to determine whether performing the song would pose a risk to the singer. This attempt to 

match content tessitura (what the singer must do) with vocal tessitura (what the singer is 

capable of) has potential value for voice teachers and choral directors. 

The results of this study demonstrate the limitations of cross-sectional research of the 

changing voice. Longitudinal research is the only definitive means of arriving at a more 

complete understanding of the process. Hollien, Massey and Green (1994) have 

contributed the benchmark study of vocal mutation in their seven-year long investigation. 

Their study did not use phonetographic assessment, however. Research using the 

phonetograph is cross-sectional by nature. In clinical use, phonetographs have been used 

to track the effects of therapy on a particular subject, but research applications of the 

procedure have not compared subjects over a long period of time. A longitudinal 

phonetographic study would yield information on the vocal mutation process which other 

research has not yet provided. 

Future studies of voice change should seek to use the latest technology in examining 

characteristics, comparing subjects and describing the process in a variety of ways. 

Several writers maintain that vocal indisposition is common in certain stages of change 

(Swanson, 1959; Cooper & Kuersteiner, 1971; Cooksey, 1985). One means of examining 

vocal quality is through measures of pitch and intensity perturbation, also known as jitter 

and shimmer. Awan and Frenkel (1994) have examined the harmonics-to-noise ratio in the 

voice and its relationship to vocal quality. Previous studies of voice change have often 

used methods which are now dated. Technological innovations make possible new means 
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of examining phenomena which have long been observed. Many theories concerning voice 

change are yet to be tested. 

Implications for Music Education 

This research was undertaken in order to gain a better understanding of intensity control 

in young males at different stages of vocal development, with special emphasis on how 

vocal intensity is related to tessitura within the vocal range. The impact of vocal 

development on an individual's SFF and frequency range is well-known, thanks to the 

multitude of scientific and empirical studies which have examined the changes wrought by 

the mutation process. While the interest of the speech science community has generally 

been confined to describing the phenomenon, the concern of the vocal music education 

profession has had a more practical basis. Namely, choral directors have confronted voice 

change in terms of the impact it has on male singers and their role within a choral ensemble. 

No other area within the music education profession has felt the effects of what may seem 

to be an unpredictable biological process to the extent that vocal music has. 

The implications of intensity control and voice classification should be of interest to 

choral directors and voice teachers. The traditional means of determining voice 

classification is the voice testing procedure, wherein the singer vocalizes up and down the 

scale and the teacher listens for acoustic markers of register boundaries. This information 

could be supplemented with the application of a relatively inexpensive tool: a sound level 

meter. 

After testing a singer's voice, the teacher could direct him to stand or sit at a prescribed 

distance from the sound level meter and have him sing specified notes as softly and as 

loudly as possible. Observing the readings from the sound level meter would provide the 

teacher with baseline data to use in classifying the voice. If a register boundary was 

indicated in the voice testing procedure, the area around that particular pitch could be 

measured for minimum and maximum dynamic levels. The point in the range at which the 
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singer demonstrated a noticeable loss of maximum intensity would signify the shift from 

modal register to falsetto. 

Voice teachers could track the progress of voice students with a sound level meter. The 

effects of training could be monitored with the phonetographic procedure, just as they are 

in clinical speech practice. The process need not be as lengthy as the procedure in this 

study. Damste (1970) recommended testing only the notes C-E-G-C' with respect to the 

male and female range. 

One issue raised by Cooksey is whether or not the chronology of vocal mutation is a 

factor in determining the eventual voice type of the s inger : . .there is some evidence to 

support experts' claims that voices which mature early/quickly will become basses, and 

those which mature later and/or slowly will become high baritones or tenors" (Cooksey, 

1977b, p. 15). This is a significant point, but it was not expounded upon, nor were any 

sources listed in documentation. That certain patterns of maturation shape certain voice 

types is apparently held as a truism among a number of choirmasters, but Hollien (1978), a 

noted voice scientist, was not convinced. In his studies of vocal mutation among white and 

African-American males, he found no significant evidence that the rate of mutation is 

predictive or a determining factor of mature voice type. 

In this study, two 14-year old subjects (Changed Subjects 8 and 19) presented ranges 

and SFF's which indicated that they were basses. Their voices were unusual in that most 

of the older subjects in the study were not basses. This suggests that there may be some 

validity to the anecdotal evidence alluded to by Cooksey; however, the only means of 

verifying this claim is in a longitudinal study which tracks the onset, duration and endpoint 

of vocal mutation and its relationship to mature voice type. 

This research has provided important information on intensity characteristics and 

control in male voices at different stages of development. Previous investigations of voice 

change have not provided specific data on vocal intensity. The study has also demonstrated 
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that tessitura, a concept recognized in vocal music education for some time, may be 

identified by measures of intensity control as well as vocal quality. Tessitura appears to be 

primarily related to modal register, or "chest voice"; however, further study is needed as to 

whether there is a significant relationship. Speaking fundamental frequency, the pitch at 

which one habitually speaks, was close to the lowest note of the tessitura range; therefore, 

the relationship of SFF, modal register and tessitura merits continued investigation. 

Scientific study has advanced general knowledge of the structure and function of the 

vocal mechanism to an unprecedented degree. In many cases, research has shown that the 

acoustic or physiological basis for a particular phenomenon is quite different from what has 

been theorized. There are also pedagogical practices, based on an empirical approach to the 

voice in vogue since at least the 17th century, which research has confirmed as valid. Both 

art and science have much to contribute to a more complete understanding of the human 

voice. It has been the aim of this study to examine voice change from just such a 

complementary approach. 

Scientific investigation provides a valuable avenue for understanding the human voice; 

however, it is inadequate for exploring the human dimension in singing. The aesthetics of 

singing cannot be quantified and the importance which we attach to the voice grows out of 

our response to its power and its beauty. The very best voice scientists have always 

recognized this and have often worked with voice teachers who wished to increase their 

understanding of how the voice functions. Their common ground has been a fascination 

with the audible and what is perhaps the most personal expression of our humanity. 

Science and art hold two halves of the same key which will unlock more of the secrets of 

the human voice. 
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ICS 

DIAGRAM OF DATA COLTPCTTON SET-TIP 

A* Shaip RT-115 Cassette Tape Recorder 
B: Casio CZ-1000 Digital Synthesizer 
C: Fluke Frequency Counter 
D: BGW 100B Amplifier 
E: TAPC0 6100B Preamplifier 

F:Tektronix Model 475 Oscilloscope 
G: Shure Unidirectional Microphone 
H: Realistic Sound Level Meter 
I: Single Headphone 
J: Speaker 
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Vocal Quality Assessment 

Auditor: 
Date: 

For each of the phonations which you will hear, please rate the quality of the sung tone. 
All phonations use the "ah" vowel. Each subject was instructed to sing at a level of vocal 
intensity (loudness) which felt "comfortable". Check the blank nearest the descriptor 
which you feel best describes the quality of the sound. "Free" quality would indicate vocal 
production which has no audible strain. "Forced" quality would indicate a tone which is 
sung with a considerable degree of strain. The example below would rate the phonation as 
one produced with optimum tone: 

1- Free; V 4- Forced; 
no evidence considerable 
of strain evidence 

of strain 

Please note that the five blanks indicate a scale of opinion regarding a particular phonation. 

You are also asked to label the vocal register of the phonation as CHEST VOICE, 
HEAD VOICE, or FALSETTO. It is expected that opinions may vary on this item. 

SUBJECT 1: REGISTER 
Age= 9.5 years (chest/head/falsetto) 

1-1. Free Forced 

1-2. Free Forced 

1-3. Free Forced 

1-4. Free Forced 

1-5. Free Forced 

1-6. Free Forced 

1-7. Free Forced 

1-8. Free Forced 

1-9. Free Forced 
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Unchanged Voices: age. SFF and frequency range. 

Subject Age (yr,mo) SFF (Hz) LMT->SFF Vocal Range Semitones 

U.l 9.5 239.31 -1 ST C4 - Eb5 15 
U.2 10.11 237.51 OST Bb3 - A5 23 
U.3 12.9 229.48 6 ST F#3 - F5 23 
U.4 12.00 224.08 1 ST Ab3 - G5 23 
U.5 10.10 212.44 OST Ab3 - C6 28 
U.6 12.8 209.29 OST Ab3 - C6 28 
U.7 10.9 213.53 -1 ST Bb3 - Ab5 22 
U.8 10.5 210.49 1 ST G3-G5 24 
U.9 10.11 210.96 -1 ST A3-F5 20 

U.10 12.3 208.58 2 ST F#3 - A5 27 
U.l l 10.9 221.77 4 ST F3 -G5 26 
U.12 11.4 212.19 1 ST G3 -G5 24 
U.13 10.9 248.20 3 ST Ab3 - B5 27 
U.14 12.11 226.16 3 ST F#3 - E5 22 

Mean 11.4 221.71 1.3 ST Ab3 - Ab5 24 

Mutational (Changing) Voices: age. SFF and frequency range. 

Subject Age (yr,mo) SFF (Hz) LMT->SFF Vocal Range Semitones 

M.01 12.5 142.00 OST C#3 - C#5 24 
M.02 11.1 195.10 1 ST F#3 - E5 22 
M.03 12.1 203.04 1 ST A3-D5 17 
M.04 13.6 204.51 3 ST F3-F5 24 
M.05 12.5 207.35 OST A3-F5 21 
M.06 12.5 202.62 2 ST F3 -F5 24 
M.07 15.1 192.27 2 ST F3-E5 23 
M.08 10.11 197.62 OST G3-G5 24 
M.09 17.00 166.28 6 ST Bb2 - F5 31 
M.10 14.11 173.24 4 ST C#3 - Ab5 31 
M.ll 13.6 183.34 OST F#3 - C#5 19 
M.12 13.5 204.97 3 ST F3 - C#5 20 
M.13 13.5 195.85 2 ST F3-B5 30 

Mean 13.3 189.86 1.8 ST F3-F5 24 
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Changed Voices: age. SFF and frequency range. 

Subject Age (yr,mo) SFF (Hz) LMT->SFF Vocal Range Semitones 

C.01 17.5 107.73 6 ST Eb2 - A4 30 
C.02 15.11 121.65 3 ST Ab2 - F5 33 
C.03 14.6 115.33 2 ST Ab2 - F4 21 
C.04 17.11 114.43 4 ST F#2 - Bb4 28 
C.05 17.08 102.48 4 ST E2-B4 31 
C.06 16.04 121.99 4 ST G2-D5 31 
C.07 17.05 123.29 6 ST F2-G5 38 
C.08 14.03 142.42 9 ST E2-E4 24 
C.09 16.06 112.66 4 ST F2-B4 30 
C.10 16.10 121.66 2 ST A2-D5 29 
C.ll 15.07 121.98 4 ST G2-B4 28 
C.12 18.05 110.14 5 ST E2 - C#5 33 
C.13 16.11 132.37 4 ST Ab2 - E5 32 
C.14 17.01 116.08 6 ST E2-E5 36 
C.15 16.02 113.61 5 ST F2-C5 31 
C.16 18.02 109.21 4 ST F2-G4 26 
C.17 16.09 106.72 2 ST G2-F5 34 
C.18 18.00 122.80 5 ST F#2 - C5 30 
C.19 14.10 91.06 OST F#2 - B4 29 
C.20 15.08 105.26 2 ST F#2 - A4 27 
C.21 13.08 126.95 2 ST Bb2 - C5 26 

Mean 16.6 116.18 4 ST F#2 - C5 30 
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Unchanged Voices - ST Range 
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Changed Voices - ST Ranges 
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Unchanged Voices 

Subject # Group # 
1 U.01 
2 U.02 
4 U.03 
12 U.04 
14 U.05 
19 U.06 
20 U.07 
21 U.08 
22 U.09 
27 U.10 
28 U.l l 
29 U.12 
42 U.13 
47 U.14 

Mutational Voices 

9 M.01 
11 M.02 
13 M.03 
18 M.04 
23 M.05 
24 M.06 
25 M.07 
26 M.08 
30 M.09 
37 M.10 
46 M.ll 
49 M.12 
50 M.13 

Changed Voices 

Subject # Group # Subject # Group # 
3 C.01 35 C.12 
5 C.02 36 C.13 
8 C.03 38 C.14 
10 C.04 39 C.15 
15 C.05 40 C.16 
16 C.06 41 C.17 
17 C.07 43 C.18 
31 C.08 44 C.19 
32 C.09 45 C.20 
33 C.10 48 C.21 
34 C.ll 
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SUBJECT 1 a _ _ 53 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 2 2 2 3 2.25 
20 1 3 2 2 2 
30 1 3 2 2 2 
40 3 2 3 3 2.75 
50 2 2 3 2 2.25 
60 2 2 3 2 2.25 
70 2 1 3 1 1.75 
80 3 2 2 1 2 
90 3 2 2 2 2.25 

SUBJECT 2 a _ gg 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 2 2 2 1 1.75 
20 1 3 1 2 1.75 
30 1 2 2 2 1.75 
40 1 2 2 2 1.75 
50 3 2 3 2 2.5 
60 3 2 2 3 2.5 
70 4 4 3 4 3.75 
80 4 3 4 4 3.75 
90 4 3 3 4 3.5 

SUBJECT 3 a _ g9 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 3 2 2 3 2.5 
20 2 2 1 1 1.5 
30 2 2 2 1 1.75 
40 3 2 2 2 2.25 
50 2 2 2 2 2 
60 3 3 3 4 3.25 
70 4 3 4 4 3.75 
80 3 3 3 4 3.25 
90 4 2 4 4 3.5 
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SUBJECT 4 
Freq. Level 

(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

a = .83 
D.S. 

3 
3 
2 
2 
1 
1 
2 
2 
4 

E.R. 

4 
3 
3 
3 
2 
2 
1 
3 
2 

R. F. 

4 
3 
3 
2 
2 
2 
2 
2 
2 

L. H. 

4 
3 
2 
3 
1 
1 
2 
2 
2 

Mean 

3.75 
3 

2.5 
2.5 
1.5 
1.5 
1.75 
2.25 

2 

SUBJECT 5 
Freq. Level 

(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

a -.80 
D.S. 

1 
2 
3 
4 
4 
4 
4 
4 
4 

E.R. 

2 
2 
2 
3 
3 
2 
2 
3 
2 

R. F. 

2 
3 
3 
3 
4 
3 
3 
3 
4 

L. H. 

4 
3 
2 
3 
1 
1 
2 
2 
2 

Mean 

2.25 
2.5 
2.5 
3.25 

3 
2.5 
2.75 

3 
3 

SUBJECT 8 oc = 85 
Freq. Level 

(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

D.S. 

2 
2 
2 
2 
3 
3 
4 
4 
3 

E.R. 

3 
2 
2 
2 
2 
2 
3 
3 
2 

R. F. 

1 
1 
1 
2 
2 
3 
3 
4 
2 

L. H. 

3 
3 
1 
3 
3 
3 
4 
4 
4 

Mean 

2.25 
2 

1.5 
2.25 
2.5 
2.75 
3.5 
3.75 
2.75 
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SUBJECT 9 B
 

ii 1 O
O

 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 3 2 2 4 2.75 
20 3 2 2 3 2.5 
30 2 3 3 3 2.75 
40 2 3 2 3 2.5 
50 4 3 2 3 3 
60 3 2 3 4 3 
70 3 3 2 1 2.25 
80 4 3 2 3 3 
90 3 2 3 2 2.5 

SUBJECT 10 oc= .47 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 

10 2 2 1 4 2.25 
20 3 2 2 4 2.75 
30 2 2 2 1 1.75 
40 3 3 2 4 3 
50 3 2 2 2 2.25 
60 3 3 3 3 3 
70 2 2 3 3 2.5 
80 3 3 4 3 3.25 
90 3 2 3 3 2.75 

SUBJECT 11 a _ 42 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 3 3 2 3 2.75 
20 4 3 2 3 3 
30 2 3 3 3 2.75 
40 1 3 2 4 2.5 
50 3 3 2 2 2.5 
60 2 2 2 2 2 
70 2 3 2 2 2.25 
80 3 3 3 2 2.75 
90 4 3 3 4 3.5 
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SUBJECT 12 a = 70 
Freq. Level D.S. E.R. R. F. L. H. Mean 

( % ) , o a , 7 , 
10 3 3 2 3 2.75 
20 3 2 2 2 2.25 
30 2 2 2 1 1.75 
40 2 3 1 1 1-75 
50 1 2 2 1 1.5 
60 1 2 2 2 1.5 
70 3 3 3 2 2.75 
80 3 2 3 3 2.5 
90 3 3 2 2 2.5 

SUBJECT 13 a = .36 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 4 3 3 3 3.25 
20 3 3 3 3 3 
30 3 2 3 3 2.75 
40 4 3 2 4 3.25 
50 3 3 2 2 2.5 
60 2 3 2 3 2.5 
70 3 3 3 3 3 
80 3 2 2 2 2.25 
90 4 2 3 2 2.75 

SUBJECT 14 a = 9 0 

q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 2 2 3 2 2.25 
20 3 2 2 3 2.5 
30 2 2 2 1 1.75 
40 1 2 2 2 1.75 
50 1 2 2 2 1.75 
60 4 2 2 3 2.75 
70 4 3 3 4 3.5 
80 4 3 4 4 3.75 
90 4 4 4 4 4 
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SUBJECT 15 a = .51 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 4 3 2 4 3.25 
20 2 2 1 3 2 
30 1 2 1 2 1.5 
40 1 2 1 3 1.75 
50 3 2 3 2 2.5 
60 2 3 2 1 2 
70 2 2 2 3 2.25 
80 2 2 3 1 2 
90 2 3 4 3 3 

SUBJECT 16 a = 7 2 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 2 2 2 4 2.5 
20 3 2 2 2 2.25 
30 1 2 2 4 2.25 
40 2 2 2 3 2.25 
50 3 3 2 3 2.75 
60 4 3 3 4 3.5 
70 4 3 4 4 3.75 
80 4 3 4 3 3.5 
90 2 2 3 2 2.25 

SUBJECT 17 a= .72 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 2 2 1 2 1.75 
20 1 2 1 3 1.75 
30 1 2 2 3 2 
40 2 2 2 3 2.25 
50 3 3 3 3 3 
60 4 3 3 4 3.5 
70 1 2 2 2 1.75 
80 4 2 4 3 3.25 
90 3 2 3 1 2.25 
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SUBJECT 18 a = .53 
Freq. Level D.S. E.R. R. F. L. H. 

(%) 
1 10 1 2 1 3 

20 1 2 2 3 
30 1 2 3 4 
40 3 2 3 4 
50 3 3 4 4 
60 2 2 3 1 
70 2 2 3 2 
80 3 2 3 2 
90 3 3 3 2 

Mean 

1.75 
2 

2.5 
3 

3.5 
2 

2.25 
2.5 
2.75 

SUBJECT 19 a = 7 8 

q. Level D.S. E.R. R. F. L. H. Mean 
(%) 

2.5 10 4 2 3 1 2.5 
20 2 1 1 1 1.25 
30 1 3 2 1 1.75 
40 1 2 2 2 1.75 
50 3 2 2 2 2.25 
60 3 2 2 2 2.25 
70 2 2 3 2 2.25 
80 4 2 3 3 3 
90 4 3 4 4 3.75 

SUBJECT 20 
Freq. Level 

(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

a = .58 
D.S. 

3 
3 
2 
1 
3 
2 
1 
2 
3 

E.R. 

2 
3 
2 
2 
3 
2 
2 
3 
3 

R. F. 

2 
2 
2 
2 
2 
2 
2 
3 
3 

L. H. 

3 
2 
3 
3 

Mean 

2 
2.25 
1.75 
1.5 

2.25 
2.25 
1.75 
2.75 

3 
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SUBJECT 21 a - 79 
Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 4 3 2 2 2.75 
20 3 2 2 1 2 
30 2 2 2 1 1.75 
40 2 2 3 2 2.25 
50 3 2 2 1 2 
60 2 2 3 1 2 
70 2 2 2 1 1.75 
80 4 3 3 2 3 
90 4 3 3 2 3 

SUBJECT 22 a = .7i 
Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 4 2 3 1 2.5 
20 3 2 2 3 2.5 
30 2 2 2 1 1.75 
40 2 2 2 1 1.75 
50 3 2 2 1 2 
60 2 2 2 2 2 
70 3 2 3 3 2.75 
80 4 2 2 3 2.75 
90 4 3 3 4 3.5 

SUBJECT 23 a = 6 0 

Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 3 3 2 2 2.5 
20 4 3 2 2 2.75 
30 3 3 2 1 2.25 
40 2 2 2 1 1.75 
50 2 2 2 1 1.75 
60 3 2 2 2 2.25 
70 1 2 2 1 1.5 
80 1 2 2 2 1.75 
90 3 2 3 2 2.5 
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SUBJECT 24 
Freq. Level 

(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

a = .61 
D.S. 

3 
2 
4 
3 
3 
2 
3 
3 
4 

E.R. 

3 
2 
2 
2 
2 
2 
3 
3 
3 

R. F. 

3 
2 
2 
2 
3 
3 
4 
3 
3 

L. H. 

3 
3 
1 
2 
3 
2 
3 
4 
3 

Mean 

3 
2.25 
2.25 
2.25 
2.75 
2.25 
3.25 
3.25 
3.25 

SUBJECT 25 a = 8 5 

Freq. Level 
(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

D.S. 

4 
2 
2 
1 
2 
2 
3 
2 
4 

E.R. 

3 
2 
2 
2 
2 
2 
2 
2 
2 

R. F. 

4 
2 
3 
2 
2 
2 
3 
2 
3 

L. H. 

3 
1 
3 
1 
1 
2 
2 
1 
4 

Mean 

3.5 
1.75 
2.5 
1.5 
1.75 

2 
2.5 
1.75 
3.25 

SUBJECT 26 a = .81 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 3 3 3 2 2 
20 4 2 3 1 2.5 
30 3 3 3 2 2.75 
40 2 2 2 2 2 
50 2 2 2 1 1.75 
60 2 2 3 3 2.5 
70 2 2 2 2 2 
80 4 3 3 4 3.5 
90 4 3 4 4 3.75 
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SUBJECT 27 a _ 54 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 3 3 3 2 2.75 
20 3 2 2 2 2.25 
30 1 2 2 1 1.5 
40 1 2 2 1 1.5 
50 2 2 2 2 2 
60 1 2 2 2 1.75 
70 1 3 3 4 2.75 
80 3 2 2 3 2.5 
90 3 2 2 2 2.25 

SUBJECT 28 a = 8 3 

Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 3 3 3 3 3 
20 3 2 2 1 2 
30 2 2 2 2 2 
40 3 2 1 1 1.75 
50 2 3 3 2 2.5 
60 3 2 3 3 2.75 
70 1 2 2 1 1.5 
80 4 3 3 3 3.25 
90 4 3 3 3 3.25 

SUBJECT 29 a = 7 0 

q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 4 3 2 2 2.75 
20 2 2 2 2 2 
30 3 3 2 2 2.5 
40 2 3 3 3 2.75 
50 3 3 2 2 2.5 
60 2 3 3 3 2.75 
70 3 4 4 4 3.75 
80 3 3 3 3 3 
90 4 3 3 3 3.25 
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SUBJECT 30 a = .18 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 3 2 2 3 2.5 
20 1 2 2 3 2 
30 1 2 1 3 1.75 
40 1 2 1 3 1.75 
50 3 2 2 1 2 
60 2 3 3 3 2.75 
70 3 2 2 1 2 
80 3 2 3 2 2.5 
90 4 3 3 2 3 

SUBJECT 31 a = 9 1 

Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 3 2 2 3 2.5 
20 1 2 1 1 1.25 
30 1 2 1 2 1.5 
40 2 2 2 2 2 
50 2 2 3 2 2.25 
60 2 2 3 3 2.5 
70 2 2 2 3 2.25 
80 3 3 3 4 3.25 
90 4 3 4 4 3.75 

SUBJECT 32 a = .65 
Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 3 3 2 2 2.5 
20 2 2 2 1 1.75 
30 1 2 2 1 1.5 
40 2 2 2 1 1.75 
50 3 2 2 2 2.25 
60 3 2 3 3 2.75 
70 2 3 3 2 2.5 
80 3 2 3 2 2.5 
90 2 2 3 3 2.5 
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SUBJECT 33 a = 0 7 

Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 2 3 2 2 2.25 
20 2 2 3 4 2.75 
30 1 2 2 2 1.75 
40 2 2 2 3 2.25 
50 4 2 2 2 2.5 
60 3 2 3 3 2.75 
70 2 2 4 3 2.75 
80 2 3 3 3 2.75 
90 2 3 3 3 2.75 

SUBJECT 34 a = .22 
Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 4 3 2 2 2.75 
20 2 2 2 3 2.25 
30 1 3 2 3 2.25 
40 2 3 2 3 2.5 
50 3 3 2 2 2.5 
60 4 3 2 3 3 
70 4 3 3 4 3.5 
80 3 2 3 4 3 
90 2 3 3 2 2.5 

SUBJECT 35 a = 7 3 

Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 2 2 1 3 2 
20 1 2 1 2 1.5 
30 1 2 2 1 1.5 
40 1 2 2 2 1.75 
50 3 3 2 3 2.75 
60 4 2 2 4 3 
70 2 2 2 1 1.75 
80 4 3 4 3 3.5 
90 4 2 4 2 3 
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SUBJECT 36 a _ 8 9 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 

2.25 10 3 2 1 3 2.25 
20 1 2 2 1 1.5 
30 1 2 2 2 1.75 
40 1 2 2 2 1.75 
50 2 3 3 3 2.75 
60 3 3 4 4 3.5 
70 4 3 4 4 3.75 
80 3 3 3 4 3.25 
90 3 3 4 3 3.25 

SUBJECT 37 a _ 7i 
Freq. Level D.S. 

(%) 
10 1 
20 2 
30 2 
40 3 
50 2 
60 3 
70 2 
80 4 
90 3 

E.R. 

2 
2 
2 
2 
3 
2 
2 
3 
2 

R. F. 

2 
1 
2 
2 
2 
3 
2 
3 
3 

L. H. 

1 
2 
2 
3 
1 
3 
2 
3 
1 

Mean 

1.5 
1.75 

2 
2.5 
2 

2.75 
2 

3.25 
2.25 

SUBJECT 38 a _ _ 25 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 2 2 2 4 2.5 
20 3 2 2 4 2.75 
30 2 3 2 4 2.75 
40 2 2 3 4 2.75 
50 3 3 2 3 2.75 
60 3 3 3 4 3.25 
70 3 2 2 2 2.25 
80 2 2 3 2 2.25 
90 3 3 3 2 2.75 
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SUBJECT 39 a = 44 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 4 3 2 2 2.75 
20 3 2 1 1 1.75 
30 2 2 2 1 1.75 
40 3 2 2 2 2.25 
50 3 2 2 3 2.5 
60 3 2 2 3 2.5 
70 2 2 2 3 2.25 
80 2 2 3 3 2.5 
90 4 3 3 2 3 

SUBJECT 40 a = .71 
Freq. Level D.S. E.R. R. F. L. H. Mean 

(%) 
10 3 2 3 4 3 
20 1 3 2 1 1.75 
30 1 2 2 1 1.5 
40 1 2 2 1 1.5 
50 2 2 2 2 2 
60 3 3 2 2 2.5 
70 4 3 2 3 3 
80 3 2 3 3 2.75 
90 2 2 2 2 2 

SUBJECT 41 a = 5 g 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 2 2 2 3 2.25 
20 1 3 3 2 2.25 
30 2 3 2 2 2.25 
40 3 3 3 4 3.25 
50 3 3 3 3 3 
60 2 2 3 2 2.25 
70 2 2 2 1 2.25 
80 2 2 4 2 2.5 
90 2 2 3 2 2.25 
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SUBJECT 42 a = 7 7 

Freq. Level 
(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

D.S. 

3 
2 
3 
2 
3 
1 
3 
3 
4 

E.R. 

3 
2 
3 
3 
3 
2 
3 
3 
2 

R. F. 

3 
2 
3 
2 
3 
2 
3 
3 
3 

L. H. 

2 
3 
3 
2 
3 
1 
3 
2 
4 

Mean 

2.75 
2.25 

3 
2.25 

3 
1.5 
3 

2.75 
2.75 

SUBJECT 43 
Freq. Level 

(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

a = .77 
D.S. 

1 
1 
2 
1 
2 
3 
2 
2 
2 

E.R. 

2 
2 
3 
2 
2 
3 
2 
2 
2 

R. F. 

2 
2 
2 
1 
2 
2 
2 
2 
2 

L. H. 

2 
1 
2 
1 
2 
3 
1 
3 
2 

Mean 

1.75 
1.5 

2.25 
1.25 
1.5 
2 

1.75 
2.25 

2 

SUBJECT 44 

Freq. Level 
(%) 
10 
20 
30 
40 
50 
60 
70 
80 
90 

a = .15 
D.S. 

1 
3 
2 
2 
3 
3 
2 
3 
2 

E.R. 

2 
3 
3 
2 
3 
2 
2 
2 
3 

R. F. 

3 
2 
3 
3 
3 
2 
3 
3 
2 

L. H. 

3 
3 
3 
2 
4 
2 
2 
2 
4 

Mean 

2.25 
2.75 
2.75 
2.25 
3.25 
2.25 
2.25 
2.5 

2.75 
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SUBJECT 45 a = 8 4 

q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 2 2 2 2 2 
20 2 2 2 2 2 
30 2 3 2 2 2.25 
40 3 2 3 3 2.75 
50 4 3 3 4 3.5 
60 4 3 3 4 3.5 
70 2 2 3 2 2.25 
80 2 2 2 1 1.75 
90 2 3 4 3 3 

SUBJECT 46 a = 7 8 

Freq. Level D.S. E.R. R. F. L. H. Mean (%) 

10 2 3 2 2 2.25 
20 1 2 2 1 1.5 
30 1 1 2 2 1.5 
40 3 2 3 1 2.25 
50 2 2 3 2 2.25 
60 4 2 3 4 3.25 
70 4 2 3 4 3.25 
80 4 3 3 3 3.25 
90 4 2 4 4 3.5 

SUBJECT 47 a _ 82 
q. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 4 3 3 4 3.5 
20 2 3 3 3 2.75 
30 3 3 2 2 2.5 
40 3 2 2 2 2.25 
50 2 2 3 2 2.25 
60 1 2 2 2 1.75 
70 1 2 2 1 1.5 
80 1 2 2 1 1.5 
90 2 2 3 2 2.25 
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SUBJECT 48 a = 8 5 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 1 2 2 2 1.75 
20 1 2 2 1 1.5 
30 2 3 2 3 2.5 
40 3 3 3 3 3 
50 4 3 3 3 3.25 
60 4 3 3 4 3.5 
70 4 3 4 4 3.75 
80 2 2 3 2 2.25 
90 3 3 2 1 2.25 

SUBJECT 49 a= 50 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 4 2 3 2 2.75 
20 2 3 3 3 2.75 
30 3 2 2 2 2.25 
40 2 3 3 3 2.75 
50 3 2 2 2 2.25 
60 3 2 2 2 2.25 
70 2 2 2 1 1.75 
80 4 3 2 3 3 
90 4 3 2 3 3 

SUBJECT 50 a = 6 2 

Freq. Level D.S. E.R. R. F. L. H. Mean 
(%) 
10 2 3 2 3 2.5 
20 2 3 3 4 3 
30 4 3 3 4 3.5 
40 3 3 3 3 3 
50 2 3 3 4 3 
60 2 2 2 1 1.75 
70 2 2 2 2 2 
80 4 3 2 1 2.5 
9 0 4 3 3 3 3.25 



APPENDIX G 

Comparison of Minimum-to-Maximum SPL Range and Vocal Quality Assessment Ratings 
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Min-Max Vocal Area-Changed Voices 
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Min-Max Mutational Vocal Area 
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3 B M I 
^ *Y V ^ •• 
xro-"< •• 

$§§$lfl 
i|8!liill 
• S I 

\ o%* <. 

• • M 
• • H 
iiiiiii 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level 

Changing Voices Grand Means 

3.50 

3.00 

2.50 

CO o 2 .00 

§ 1.50 

1.00 

0.50 

0.00 
liniiill 

10% 20% 30% 40% 50% 60% 70% 80% 90% 

Frequency Level 



131 

Min-Max Unchanged Vocal Area 
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Speaking Fundamental Frequency in Relation to Age 
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Unchanged Voices - SFF by Age 

250 j 

240 ]-

230 -• 
N t 
CD 
X 220 --
_c 
LL 210 --
U-co 

200 --

190 --

180 -- + + + + + + + + + H 

113 125 129 129 129 130 131 131 136 144 147 152 153 155 

Age in Months 

Unchanged Voices: SFF in relation to age. 

Mutational Voices - SFF by Age 
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Mutational Voices: SFF in relation to age. 
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Changed Voices - SFF by Age 
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Phonetographs and Musical Ranges for Groups and Individual Subjects 
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Unchanged Voices 

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level 

Minimum • Comfortable Maximum 

Unchanged Uoices Mean Range 

H = = ™ O f u W " f ® * 

^ o 
^ 2 = 

v 
Off 10S 20ft 30% 408 50ft 60ft 70» 80ft 90ft 100ft 

flb3 B3 C*4 E4 F#4 A4 B4 C»5 E5 F#5 flb5 

208 247 277 330 370 440 494 554 659 740 831 Hz 
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Unchanged Subject 01 

2 « g « 

10 20 30 40 50 60 70 

Frequency Level (%) 

80 90 100 

Minimum Comfortable Maximum 

5s 
ft" ft 

Ma-isz: 
"XT" 

o x 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

C4 D4 E4 HA G«4 A4 Bb4 C5 C«5 D5 Eb5 

262 294 330 370 415 440 466 523 554 587 622 Hz 
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Unchanged Subject 02 

s n 
C M 

110 

100 

0 10 20 30 40 50 60 70 80 90 100 

Frequency Level (%) 

Minimum • Comfortable Maximum 

I tt° 
1 

JSC 

-ftcr 

£ 
ox 10* 
Bb3 D4 

233 294 

20* 
F*4 
370 

30* 
fl4 
440 

40* 
B4 
494 

50* 60* 

C*5 Eb5 

554 622 

70* 

F5 

698 

80* 

F*5 

740 

90* 100* 

G#5 fl5 

831 880 Hz 
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Unchanged Subject 03 

110 - r 

100 • 

90 -
>> 

*1 ® 

-
•
 
-

o
 

00 

S 3 70 4 
e 

60 4 

50 m. 

40 -I 

4 I*000**00* \ 
•< 

' """"i 4 • ** 

* • / 

t — s i 

j — L I 11 

0 10 20 30 40 50 60 70 80 90 100 

Frequency Level (%) 

Minimum Comfortable Maximum 

u o 

OX 10* 20* 30* 40* 50* 60* 

F*3 Bb3 D4 E4 G4 fl4 B4 

185 Hz 233 294 330 392 440 494 

70* 80* 90* 100* 

C«5 D5 E5 F5 

554 587 659 698 Hz 



Unchanged Subject 04 

140 

110 
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Rb3 B3 D4 F4 Rb4 B4 C#5 Eb5 F*5 05 C6 

208 Hz 247 294 349 415 494 554 622 740 00
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OX 10* 20* 30* 40* 50* 60S 70* 80* 90* 100* 

Rb3 B3 D4 F4 Rb4 B4 D5 F5 Rb5 Bb5 C6 

208 Hz 247 294 349 415 494 587 698 831 932 1,047 Hz 
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0* 10* 20* 30* 40* 50* 60* 

Bb3 C4 D4 E4 G4 R4 B4 

233 Hz 262 294 330 392 440 494 

70* 80* 90* 100* 

C#5 E5 F*5 Ab5 

554 659 740 831 Hz 
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0 * 10* 2 0 * 308 4 0 * 5 0 * 6 0 * 7 0 * 8 0 * 9 0 * 100* 

G3 A3 C4 D4 F4 G4 Bb4 C5 Eb5 F5 G5 

196 Hz 220 262 294 349 392 466 523 622 698 784 Hz 
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0$ 10* 208 3 0 * 40 * SO* 6 0 * 7 0 * 8 0 * 9 0 * 100* 

A3 B3 C#4 Eb4 F4 G4 04 B4 C*5 Eb5 F5 

220 Hz 247 277 311 349 392 440 494 554 622 698 Hz 
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Off 10ft 20ft 30ft 40ft 50ft 60ft 70ft 80ft 90ft 100ft 

F#3 A3 B3 D4 F4 Rb4 Bb4 C*5 E5 G5 fl5 

185 Hz 220 247 294 349 415 466 554 659 784 880 Hz 



147 

Unchanged Subject 11 
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Unchanged Subject 12 
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196 Hz 220 262 294 349 392 466 523 622 698 784 Hz 
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208 Hz 247 277 330 392 466 523 622 740 
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Unchanged Subject 14 
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0* 10* 20* 30* 40* 50* 60* 70* 80* 90* 100* 

F#3 G«3 Bb3 C#4 Eb4 F4 G#4 Bb4 C5 D5 E5 

185 Hz 208 233 277 311 349 415 466 523 587 659 Hz 
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Mutational Voices 
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Frequency Level (%) 

Minimum Comfortable Maximum 

Mutational Uoices Mean Range 

I 

OS 10* 20* 30* 40* 50* 60* 70* 80* 90* 100* 

F3 G3 Bb3 C4 Eb4 F4 Rb4 Bb4 C5 D5 F5 

175 196 233 262 311 349 415 466 523 587 698 Hz 
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Mutational Subject 01 
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08 108 208 308 408 508 608 708 808 908 1008 
C#3 F*3 A3 C4 Eb4 F4 G4 fl4 Bb4 B4 C*5 

139 Hz 185 220 262 311 349 392 440 466 494 554 Hz 
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Mutational Subject 02 
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= + = bo 

#• 
=*•= — f r o U o 

JL H 

o* 10* 208 30* 408 50 * 60S 70* 80S 90S 100* 
F#3 G«3 Bb3 C#4 Eb4 F4 G#4 Bb4 C5 D5 E5 
185 208 233 277 311 349 415 466 523 587 659 Hz 
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Mutational Subject 03 
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0 10 20 30 40 50 60 70 80 90 100 

Frequency Level (%) 

Minimum • Comfortable Maximum 

0* 10* 20® 

R3 Bb3 C4 

220 Hz 233 262 

40* 50* 60* 70* 80* 90* 100* 

Eb4 E4 F*4 G4 R4 C5 D5 

311 330 370 392 440 523 587 Hz 
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Mutational Subject 04 
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0* 10* 20* 30* 40* 50* 60* 70* 80* 90* 100* 
F3 G3 Bb3 C4 Eb4 F4 04 Bb4 C«5 Eb5 F5 

175 Hz 196 233 262 311 349 440 466 554 622 698 Hz 
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Mutational Subject 05 
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0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 

Frequency Level (%) 

Minimum • Comfortable Maximum 

Off 10ff 20ff 30ff 40ff 50ff 60ff 70ff 80ff 90ff lOOff 

flb3 Bb3 C4 D4 E4 F*4 04 B4 C«5 Eb5 F5 

208 Hz 233 262 294 330 370 440 494 554 622 698 Hz 
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Mutational Subject 06 
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£ 
08 10* 20* 30* 40* 50* 60* 70* 80* 90* 100* 
F3 G3 Bb3 C4 Eb4 F4 Rb4 Bb4 C«5 Eb5 F5 

175 Hz 196 233 262 311 349 415 466 554 622 698 Hz 



Mutational Subject 07 

158 

110 

a 
0 10 20 30 40 50 60 70 80 90 100 

Frequency Level (%) 
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0)8 10ft 20ft 30ft 40ft 50ft 60ft 70ft 80ft 90ft 100ft 

F3 G3 Bb3 C4 Eb4 F4 Plb4 Bb4 C5 D5 E5 

175 Hz 196 233 262 311 349 415 466 523 587 659 Hz 
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Mutational Subject 08 
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196 Hz 220 262 294 349 392 466 523 
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622 698 784 Hz 
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Mutational Subject 09 
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OX 10* 20ft 308 40# 50 * 6 0 * 7 0 * 8 0 * 9 0 * 100* 

Bb2 C#3 E3 G3 Bb3 D4 F4 fib4 B4 D5 F5 

117 Hz 139 165 196 233 294 349 415 494 587 698 Hz 
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Mutational Subject 10 
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Off 108 208 308 408 508 608 708 808 908 1008 

C*3 E3 G3 Bb3 C*4 F4 Rb4 B4 D5 F5 flb5 

139 Hz 165 196 233 277 349 415 494 587 698 831 Hz 



162 

Mutational Subject 11 
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08 108 208 308 408 508 60S 708 808 908 1008 

F * 3 G«3 Bb3 C4 D4 E4 F#4 G#4 Bb4 C5 C«5 

185 Hz 208 233 262 294 330 370 415 466 523 554 Hz 
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Mutational Subject 12 
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Minimum Comfortable Maximum 
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F3 G3 A3 B3 C«4 Eb4 F4 G4 R4 B4 C*5 

175 Hz 196 220 247 277 311 349 392 440 494 554 Hz 
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Mutational Subject 13 
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Off 10* 20* 

F3 Rb3 B3 

175 Hz 208 247 

30* 40* 50* 60* 70* 80* 90* 100* 

D4 F4 I=lb4 B4 D5 F5 Ab5 B5 

294 349 415 494 587 698 831 988 Hz 



Changed Voices 
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Frequency Level (%) 

Minimum • Comfortable Maximum 
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Changed Voices Mean Range 
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t r 

Off 101! 20* 30* 40* 50* 608 70S 80* 90* 100* 
F*2 Bb2 C*3 E3 G3 Bb3 C«4 E4 F*4 A4 C5 
92 117 139 165 196 233 277 330 370 440 523 Hz 
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Changed Subject 01 
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0* 10* 20* 30* 40* 50* 60* 70* 80* 90* 100* 

Eb2 Bb2 D3 F*3 A3 C4 D4 E4 F#4 G4 R4 

78 Hz 117 147 185 220 262 294 330 370 392 440 Hz 
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038 10H 20* 
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466 523 587 
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Eb5 F5 

622 698 Hz 
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OS 10£ 20ft 30S 401! 5018 60S 70* 80S 90S 100S 

Rb2 C3 Eb3 F3 flb3 Bb3 B3 C#4 D4 E4 F4 

104 Hz 131 156 175 208 233 247 277 294 330 349 Hz 
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Changed Subject 04 

0 10 20 30 40 50 60 70 80 90 100 

Frequency Level (%) 

Minimum Comfortable Maximum 

OS 10* 20* 30* 40* 50* 60* 7* 80* 90* 100* 

F*2 C3 E3 Rb3 B3 C«4 Eb4 F4 G4 A4 Bb4 

92 Hz 131 165 208 247 277 311 349 392 440 466 Hz 
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Changed Subject 05 
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OS 10* 208 30* 40* 50$ 60* 70* 80* 90* 100* 
E2 G2 Bb2 C#3 E3 G3 Bb3 C«4 E4 G*4 B4 

82 Hz 98 117 139 165 196 233 277 330 415 494 Hz 



171 

Changed Subject 06 
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82 Hz 92 110 123 147 165 196 220 262 294 330 Hz 
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F2 Rb2 B2 D3 F3 Rb3 B3 D4 F4 Rb4 B4 

87 Hz 104 123 147 175 208 247 294 349 415 494 Hz 
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110 Hz 131 156 185 220 247 294 349 415 494 587 Hz 



176 

Changed Subject 11 
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OX 10* 20* 30* 40* 50% 60% 70% 80% 90% 100% 

G2 Bb2 C#3 E3 G3 A3 C4 E4 F#4 R4 B4 

98 Hz 117 139 165 196 220 262 311 370 440 494 Hz 
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Changed Subject 13 
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08 108 208 308 408 508 608 

flb2 B2 D3 F3 A3 C4 Eb4 

104 Hz 123 147 175 220 262 311 
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F*4 A4 C5 E5 

370 440 523 659 Hz 
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Minimum ' Comfortable Maximum 

Off 10ft 20)8 3018 40* 50ft 60ft 70ft 80ft 90ft 100ft 
E2 G2 B2 D3 F«4 A3 C*4 E4 flb4 C5 E5 

82 Hz 98 123 147 185 220 277 330 415 523 659 Hz 
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F2 Rb2 B2 D3 F3 Rb3 B3 D4 F4 A4 C5 

87 Hz 104 123 147 175 208 247 294 349 440 523 Hz 
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o* 10# 20# 30# 401? 50# 60S 70* 80# 90# 100* 
F2 Rb2 Bb2 C*3 Eb3 F#3 Ab3 B3 C#4 E4 G4 
87 Hz 104 117 139 156 185 208 247 277 330 392 Hz 
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0* 10* 20* 30!? 408 50* 60* 70* 80* 90* 100* 

G2 Bb2 D3 F3 A3 C4 E4 G4 B4 D5 F5 

98 Hz 117 147 175 220 262 330 392 494 587 698 Hz 
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OX 108 20* 30* 

F«2 02 C3 Eb3 

92 Hz 110 131 156 

40* 50* 60* 70* 

F#3 A3 C4 Eb4 

185 220 262 311 

80* 90* 100* 

F*4 fl4 C5 

370 440 523 Hz 
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Changed Subject 19 
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G*2 B2 D3 F3 G#3 B3 D4 F4 G#4 B4 

104 123 147 175 208 247 294 349 415 494 Hz 
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Changed Subject 20 
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Off 108 208 308 408 508 608 708 808 908 1008 
F*2 R2 B2 D3 F3 G*3 Bb3 C*4 Eb4 F#4 fl4 

92 Hz 110 123 147 175 208 233 277 311 370 440 Hz 
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Changed Subject 21 
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Frequency Level (%) 

Minimum • Comfortable Maximum 

i 

OX 10ft 20ft 30ft 40ft 50ft 60ft 70ft 80ft 90ft 100ft 
Bb2 C3 Eb3 F«3 A3 B3 C#4 E4 G4 Bb4 C5 

117 Hz 131 156 185 220 247 277 330 392 466 523 Hz 
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